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The Office of Occnnography and Marine Assessment (OMA) I:rovides dccisionmkcrs 
comprehenslvc, sclcntific information on characteristics of t e oceans, coastal areas. 
and estuaries of the USA. The info~mation ranees frox stratecic, national 
assessments of coastal and estuarine environmental qcality to real-timc information 
for naviantion or hazardous materials spill reswnse. For example, OMA monitors 
the riscind fall of water levcls at aboui200 cdastal locations of "the USA (including 
the Graat Lakes); predicts the times and heights of high and low tides; and 
provides infor~ntlor. critical to national defense, safc navigation, mannc boundary 
defermlnation, environmental managcmcnt, and coastal eng~neering. Currently, 
OMA is instnllina the Next Gcncration Water Level Measurement Svs tm that will 
replace by 1992 Gisrting water lcvcl measurement and data proccss~r;g tcchnolog~cs. 
Throu~h its National Status and Trends Promam, OMA u x s  uniform tethrriqucs to 
monit& toxic chemical contamination of bottom-feeding fish, musscls and oystck, and 
wdimnts  at about 150 locations throughout the USA. A related OMA program of 
directed rcscarclr examines thc relationships between contaminant exposurc and 
indicators of biolo@cal responses in fish and shellfish. 

OMA uses computcr-bascd circulation models and innovative measurement 
tcchnologics to develop new information products, includin real time circulation 
data, circulation for* casts under various meteorological confitionr; and circillation 
data atlases. OMA provides crltical scientific support to the U.S. Coast Guard 
during spilln of oil or hazardous materials into marine or estuarine environments. 
This support includes ypill trajcctory predictions, chemical hazard analyses, and 
assessments of the sensitivity of marine and estuarine environments to spills. The 

,ogran: rovidcs similar support to the U.S. Environmental Protection Agency's 
gipo:fund)Program during tmcrgoncy responses at, and for thc cleanup of, abandoned 
hazardous waste sites in coastal areas. To fulfill the responsibilities of the 
Secretary of Commerce as a trustee for living marine resources, OMA cor.ducts 
comprchcnsivc assessments of damages to coastal and marinc rcsources from 
dischbrges of oil and haznrdous materials. 

OMA cnli;,cts, synthesizes, and distributes information on thc u x  of the coastal and 
oceanic resources of the USA to identify compatibilities and conflicts and to 
determine resoarch needs and priorities. I t  conducts comprchensive. strategic 
asseusmenta of multiple rcsourcc uses in coastal, estuarine, and oceanic arcss for 
decisionmaking by NOAA, otllcr Ftderal agencies, statc agencies, Congress, industry, 
and public intcrest groups. It publlshcs a scrics of thcmatic data atlaxs on major 
regions of thc U.S. Exclusive Economic Zonc an2 on selected characteristics of major 
US.estuaries. I t  also manages, for the U.S. Department of the interior, a progrum 
of cnvironmerital assessments of the effects of oil and gas devcl- opnicnt on the 
Alaskan outer continental shelf. 

OMA implements NOAA rcsponsibiiitics under Title Ii of tile Marine Protection, 
Rcscarch, and Surrctuarics Act of 1972; Section 6 of lhe National Ocean Pollution 
Planning Act of 1978; and other Federal laws. It has lhree major line organizations: 
't'hc Physical Oceanography Division, the Ocean Assessments Division, and tl\c 
Ocean Systems Division. 
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TWB PO-L FOR BIOLOGICAL BPPBCTS OF S E D m - S O R B E D  
CONTAhilNANTS TESTBD IN THE NATTONAL 

STATUS AND TRENDS PROGRAM 

ABSTRACT 

National Oceanlc and Atmospheric Adnunlsimtion (NOM) annually 
collects and chemically analyza sediment sam lea from sites located in 
coastalmadne and estuarine envimnmenln k u & o u t  the United States as a 
part of the National Status and Trends WS&T) Program. While the 
chemical data pmvide indicationu of the relative degrees of contamination 

the nempllng sitea, they provide nelther a measure of adverse 
K?o& I e f M  nor an estimate of the potentla1 for effects. Data dedved 
from a wide varlety of methods and approaches were assembled and 
evaluated to identify infonnel guldellnes for usc in evaluation of the NS&T 
Pro am eediment data. ?be doto from three baeic approachee to the 
esta%lehment of effects-based cYiterla were evaluated: the equllibrlum- 
partitiontn ap ma& the spikedaediment bioassay apprw*h, and various 
methods ofev&ating synoptically collected biological and chemical data in 
field surveys. The chemical cmcentntiona obwrved or predicted by the 
different methods to be mvodated wlth biological effects were sorted, and 
the !ower 10 perceniile and median cvncntratbne were identified along with 
an overall a rent effects threshold. The lower 10 percentile in the data 
was identif ed PP" as an Effects Range-Low (EX-L) and the median was 
identified as an Effects Range-Median (OR-M). Note that the* EX-L and 
ER-M values are not to be conetrued a5 NOAA standards or criteria. The 
ambient N%T Program sediment data hom sampling aitm were compared 
wlth the respective ER-L and ER-M values for each anal te. The 
comperisona were used to rank sttea with ptentlpl b a d v o  
blolo$c.%l effects, aesumlng that the siterr n which the avera e chemical 
concentratlone exceeded the most ER-L end ER-M value6 woufd have the 
highest potentiel for effects. The rsnldn indicated that a samplin nik 
located in the Hudson-Rarttan setua harthe highest poteMol for effects, 
followed by a site located in ~oston%wbor, a site located in western Long
Island Sound, and a site located in the Oakland estuary of San Prancisco 
Bay. 

INTRODUCTION 

The concentrations of selected potentially toxic chemicals in marine and estuarine 
aedimen98 have beem uantifled annually by NOAA in the NS&T Program since 19841. 
Sediments from about 2Id3 altea tio on wide lmve been sampled and analyzed for a variety of 
trace mews, pclroleum hydrocarbons, and synthetic organic compounds. The chemical 
concentrations have been compared among samplln sites and among samplln yearn at many ft - fof the sites. These data have been useful in c aracterlzine u:e rkic~i.,ica conditions at 
sampling aites OVOAA, 1987,1988) and ln datamlning whetl-zr ur not rondltlcns are chenglng 
over time. In selwted eeonrauhic areas measurn c ~ fblolodcal efi.xta hcve k . n  oerformed to 
ammpany the chemi& &siYeen and used to deiemdne or ind~c.?t$ t_h? sigfilficance of the 
sediment rontnmlnation However, biological measures of the eff* or potwtlal for effects 
of thew mixtwea of chemicalshave not been determined at the majority of the sites. 

The u ae of this report is to essesu the relative likelihood or tentlal for advww 
blologica';s$ecb occudn due to exposure of biota to toxicants In w&kmts sampled and 

the NS&T 5rogram. In order to mtlsfy that obJectlve, gutdellnee were 
developed7or use in assessing the potential for effects. Thew guidelines were developrd by
employing a preponderance of evidence assembled from a variety of approaches and from 
duta thered in many geogm hic areas. These guidelines were used to rank and prioritize
the I$"S&T Program sites wit1 regard to the relative potential for contaminant-induced 





effects. The werlty and geogaphlc extent of mdverue effecls m y  be dekrmlned by NOAA 
in intensive r e g i o ~ i  surveys in areas in which high-priority sites are located. These 
grltdellnes were not htn.*ded for ua: III q d a t o r y  dcdsions or any other similar applications. 

METHODS 

Overall Appmach 

A threeste a proach was followed to complete the evaluation: (1) aaaembie and review 
current1 avai nb e information in whicli estimates of the sediment concentrnttons of P P 
ehemtcars aesocfated wlth adverse biological effects have been determined or could be 
derived, (2) determine apparent ranges in concentralions of IndiMdual chemicals in whlch 
effectects are likely to occur, based upon a preponderance of evldenm; and (3) evaluate the 
NS&T Program sediment chemical data relatlve to these consensua effects rangee. The firnt 
step involved reviewing reports either (1) in which effects-based sediment quality values 
were re rted or (2) in which matched chemistry and biologiral effects data were !2sted, 
followe8"bv an evaluation of the co-occurrence of chemical concentratione with measures of 
effects. ~ h e s e  re rts embraced controlled laboratory studies of effects of sniiments spiked 
with indlvldtlal cgmicals, calculstions of unacceptable concatbations based ilmn theovetlcol 
equilibrium partitioning rlndples, and evalu&ion. of data from field stidirs in whichPmatching chemical and b olodcal measures were performed on subsamples of sedlmetrts. 
Among The reports reviewed;only those thnt met -certain crtterla were si?leetcd f o ~  further 
use. Cha man PI  al., 1987 compared the estimated sedlment quali value8 for three 
chemicals ased upon four approaches, and noted that the value. from t c approachee were E X 
conslatent. 

The second step included xrecning the data by examining the d w c e  of concordance 
between the biological and chemical daij, sorting the remaining-dnta in &ending order. and 
determirllng consensus rongrs in values assc~lated with adverse effects. A key element of the 
second step was the determination of the chemical concentratims above. which adverse 
effects may be first expected and the concentrations above which adverse effects always or 
almost always may be expected. The intent was not to identify only the lowest concentration 
of contaminants at whlch an adverse effect had been observed ur predicted for any organism. 

The third step involved cornparin the ambient sedimcnt chemiehy data from the NS&T 
Program with the respective ranges fn chemicoi concentrations apparently associated wit11 
obrrveHons of effects. A comparison of proposed or preliminary sediment quality values 
and ambient concenhalions of chernlcals In United States sediments was previously conducted 
by Boltun e l  dl., 1985 and Lyfisn st at., 1987 for the United States Bnvlronmental Protwlion 
Agency (U. S. EPA). Both reports involved a relatively small number of chemicals and 
sediment uclity values derived from only one approach. The approach followed in this 
report is s3mllar to the approach used in those two reports, but Includes scdiment quality 
values derlved from many methods and evaluates data for 12 trace metals, 18 petroleum
hydrocarbons, and 11synthetic organic compounds or clae7es. 

Apkraaches for Determining Bffacb-Baed Sediment Quality Criteria 

Slnce the ulgose of this report is not to rritique or evaluate the relative strength nnd 
weaknesses o f 
quality values, only a brie 

the various a Pproaches that have been used to develop effecw-bad sediment 
de~r lpt ion of each will be presented here. Chapman (1989) 

reviewed and con:pared the a proaches cwrcntly being pursued to develop sediment quality 
valuw, but did not compare 8e concentxations resulting from those approaches. That re ort 
and the other documents cited hrtein should be consulted for more informstion on each o theP 
respective approaches. 

Effects-baaed sediment quality values derived from different numbers and type8 of 
appronchea are available for some of the NSkT Program analytes. The values fmm some 
approaches are rcglon-spedflc and tho= from other approaches are available for only n 
mlnority of the NS&T Program analytes. Because 0'1 the complemrntrrty strengths of each of 
the approaches, It was decided to determine if a consensus value in concenbations for each 
chemid wau apparent and to use those consensus values in evaluating the NS&T Program 
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data. Cmveralv, h u e  of the awarent weeknesaes of each method done. it was dedded 
that values b a d  upon a coneansui bf multlple ap onchen and multiple appUcatlons of each 
approach would have more credibilily than volaes &upon only one approach. 

Background Approach. Criteria have been eatabllehed in vdous  geographic areas of 
the United States and other counbtes b a d  uuon an a~umech ir.vo:vlna the use of reference 
or baakgmund values in sediments. In this niproach, ihk data from u gst lne  area have been 
u d  as the standard and CDncenhations in aedlmente from target areas that exceed these 
baokgtound values by some spsdfi~dmount are conoldend unucfcptable. In wme caees tllo 
miterla were set at some value above the background ronmntri%tion, say, at 125 rccnt of 
bapkgvound or two standard deviations a5ow the mean background concentragn. This 
approach does not involve any detem~nation or mtimation of effwts, but the criteria based 
upon tNs ap ch were induded in this report for the pu se of Wnlpring them wlth the 
criteria deve oued fmm the effect@-based auumaches. f- TTose crlterla were Ileted in this 
report as preaehted in the cited documts wlihour any modlficatlons, however, they were not 
uved to deternine coneensue ranges in concentrations asaodeted with effects. Many hnd been 
llsted and c o m p a d  by Pavlou a d  Westrm (198383). 

Sadfment-Water E 

when a lied to the interstitial water of sediments, would rotect infaunal organisms. 
PhyslcaPPchemical principles are used to predict the chemica Pconcentrations that would 
occur in the interstitial water in equilibrium wlth those concentrations of the chemicals 
sorbed to purticulates in the sediments, rekognlzing that the distrlbutlon of the chemlcala 
between the two phases is highly Muenced by the amount of organic carbon or acid volatile 
sulfides (AVS) present in the sediments, Tessier and Campbell 0987)reviewed many of !he 
chcmic4 ond phy~ical factor6 in sedlmcnta that can strong1 r influence the partitioning of 
trace mebre between aqueous- and particlebound phases o sediments and observed that, 
h a u a e  of r1-w factors, bulk che~ntcal concentrations of tram metals were poor predictors of 
the bloavai;nb+lrky of these toxicants. When, criteria were listed in cited documents in units 
dry welght, lhey were uaed in tllle report without any modifications. Where criteria were 
llsted in units of organic carbon, the were converted to unlts d wei ' t, assuming a stated 
organlc carbon concentration (usunl ry 1% total o anic carbon?~oc]f? Where the critena 
were Hstcd in the cited documents in units dry welg 'R t assumlng a reported TOC concentration 
other than 1 percent (e.g., 4%), those reported vahee were used in thls report without 
modification. 

Moat of the BPderlved criteria listed herein were reported by the U. S. HPA, 1988. Since 
that report was published, new informntlon has become avnilable that strongly suggests that 
AVS are important in connalllng availability of trece ~retals. The interim criteria reported 
by the U. S. BPA (1998) did not acmunt for AVS. Nevertheless, these crlkria were used in 
the pt3r;ent document as reported. 

Aleo, some of the sediment/water parlittoning coeffldens., used to calculate the criteda 
have changed as new data have been developed for some analytes. Although more recent E F  
derived crltwia are probably more accurate, some of the earlier valuea were alao included in 
the present document as reported. In addition, some imccuracy may be possible in the BP- 
derived values due to the method8 ueed to detennlne the TOC content of the sediments. The 
organic carbon normalized partition coefficients (KO,) used to calculate the criteria may 
differ by bctocs of 2 to 4 times depending upon whether percent volatile solids or prcent 
organic carbon are determined (Dr. Peter Landrum, NOAA,personal communication). 

Spiked-Sediment Bloassuy (SSB) Approach. This a proach involves expoeing 
organisms to prtstlne wilmente spiked in the laboratory wit l! known amounts of single 
chemicale (or mixtures), observing either mortauty andlor sublethal effects and determlnlng 
doae-response relationships (e.g., Swartz et al., 1988). Usually the criteria were re rled as 

or BC50 values, the lethal concentrations or effwtive concentrations resultKg in 50 
rcent mortality or 50 percent change in aome suMetha1 end-point relative to controls. 

k e r e  the bioassays were performed spececltlcally for the purpoae of detemining sediment 





Both the 1986 and the 1988 Puget Sound APT values were used In the present document. 
The 1988 valuee were based upon a larger data base thsn U t w  determined in 1986, they m y  
be more accurate than the former values, and they are being used in management decisions 
regarding Puget Sound. l-lowwer, the 1986 concentratiol~s also were used In this d w m e n t  
since they were detlved with methods equivalent to tho= used in 1988, with knowledge arid 
data available at that time, and reflect another independent attempt to determine an 
unncceptable level of nedlment mntamlnntio.i Elowever, whenever a 19BB AET value was 
exactly the same a8 a 1986 value, that concenh.arion wds only uecd one2 dullq?, the present 
data evuluation. 

The Pugat Sound Dredge Ms osai Analysis (PSDDA) prepared screening level and 
maximum level values baaed u p n  t8e AFP concentrations fo: Puget Ziound. Thee values wen 
listed in the present document without modification, 

BioeffectslCont.mlnant Co-Occuaence Analyses (COA) Approach. Similar to the 
SLC and ABT approaches, this method also involves use of field-collected data in which 
chemlcal mixtures occur. It involves calculation of statistics of central tendency (i.e., means, 
~tandard deviations, maxima,mlnlrna) in chemical concentrations associated wlth matching 
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oam lea detmnlned to hnve Ma, inbmm?dlste,and IOW For ex~lrnplc,indicatlona of effecta. 
~e#itt  d d., 198.9 lloted w i n s  and standard deviations in coneenhations of aeiected 

thi6 report without modificatlana The format used by Long (1989) was uaed nnd expanded to 
accommodale many more chemical8 quantified In Cammencement Bsy sediments and the ca-
occunenee values are reported herein. In addition, many reporb In which matching sediment 
ckmimlry and eediment toxicity and/or benthic data were listed were evaluated, co- 
occurrence analyseswere performed and the results reported M n  

Evaluation of the Sediment Values fxom the Different Appma&cs. 

Tessier and Campbell (1987) summarized the complexities of determining the slgnificence 
of particulate trace metals contamination in aqji~atic environments. Uptske (and therefore, 
effects) of sedintent-associated contaminants is largely a function of bioavailability. 
Bioavoilability is strongly influenced by a complex suite of physical, chemical, and 
biological factors in the sediments. Trace metals can be adsorbed at particle surfaces, 
carbonate-bound, ocduded in &on and/or manganese oxyhydmxides, bound to organic matter, 
sulphidebound, mablx-bound, or dieeolved in the interstitial water (Tewier and Campbell, 
1987). The relative bioavailabUity of trace ~netals aswclated with these phases has tile 
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effect of hindering the prediction of effects, based upon bulk sediment chemical analyses. 
The oxidation-reduction potential and the concentration of sulphides in the sedfmenw can 
strongly influence the concenhatiofi of trace metala and their avnilabillty. Possibly as a 
result of these complex phase associations, Lee and Mariani (1977) observed wry little 
concordance between meaeures of bulk sediment chedcnl coneenh.ationra and meaaureo of 
toxtclty, usin the shrimp Palacmonetm pugio, in surveys performed nationwide. They
concluded, "fheae bioasaays clenrly demonstrate the lack of validity of bulk chemical 
criteria for judging the significance oi  contaminants assodated with d d & d  sediments." The 
present evaluation was performed with knowledge of the complexities and un~ertalntirs 
involved with attemutin: to aseoclate bulk chsmical data with various measures of 
biological effects. DiforoV(1988) ar ued that it is essential to understand the reasois for 
varying bioavailabilily before broa 2y appiicablc criteria can be established. His arrument 
was based upon the observation thai thi'concentration-re8ponse curve for toxidty c&ld be 
correlated with the chemical concentrntion in the pore water and not the total (bulk) 
sediment. However, with no nationally adopted, official, final effects-based standards 
available, the use of a preponderance of evidence derived from nreny appronches was judged 
by the present authors to be the best method for developing guidance for interpreting the 
NS&T Prop,ram aediment data. FUI-ore, in order to develo a preponderance of evidence, 
many data sets wem used in the present document that did not fnclude m e a s m ,  such as TOC 
content, that could have b.used to explain varying toxldddty. In addition, data derived in 
freshwater and saltwater were merged and treated equally, despite the possibility that 
bioavailability rmtjr differ between thc two regimes and the concentration levels may affect 
the hvo different ecosystems in much different ways. 

Approximately 150 re rts were reviewed for possible use in thisdocument. In about one- 
halt o those reports, t c r e  was elther no biological data to accompany the sediment 
chemistry data or v i e  versn, there was no discernible gradient in contamination for any of 
the analytes among samples (less than a ten-foId difference), the biological or chemical 
analytical methods were poorly documented, or the biological and chemical data were not 
derived from the oanke sampling localians. The reports in which the data did not aatisfy 
these criterla wem not used. 

The data from the remaining 85 reports were assembled and listed for wch of the NS&T 
I'rogram analytcs according to the categortcal type of approach that was used. Then, they 
were s~tbjected to a screening step. In this step, the data for each analyte were evaluated 
with consideration civen to the methods that were used. the tvw end maenitude of 
biolog~cal end-point'ineasured, and the degree of concordance be&en the chklcal and 
b~ological data. Using thew evaluation factors, professional iudmnent was used to eUminate 
and &isregard some Galues for some of the chktca1s whe& it-appeared thnt the chemical 
under consideration was not llkely a contributor to the gradient in biological effects. For 
example, if in a field s l ~ ~ d y  in which the investigators exvressed the observation that one or 
more-selected chemicals were known to be hIguy concc;itraied in their study area, but they 
oiso measured other analytes durtng their chemical analyses, the latter data were Included 
in the data tables, but were excluded from further conaiderdtion. I f  matfhinr chemical and 
biological data from field studies showed no concordance, the data were l istd in the tables, 
but not given further consideration. If no p d i e n t  (generally, less than a two-fold difference) 
in chemical concentrations was rewrted behveen sam~ies that indicated adverse effects and 
those that did not indicate effwts; the data for that ~rclcular chemical nisc were not given 
further consideration. If no definitive AET concentration could be determined. the "menter- 
than" value re orted was excluded during this screening step. The meenin; step Gas not 
performed to I'orce consensun where none existed. It was performed before tile data were 
sorted (the nexl step), so it was not possible to have a priwi knowledge of the consensus range. 
No other quality awurance screening steps were performed with the data. 

The data that remained following this w e n i n g  step were from studies in which effects 
were either predicted or observed in association with lncreaaing concentrations of the 
respective analyte. Then, they were sorted i ascending order and listed in Appendix tables 
for each chemical. Next, usually two values were delennined from thew remainin data for 
each chemical: an ER-L, a concentration at the low end of the range in which e ffects had 
been obseived; and an En-M, a concentration approxlmntely midway in the range of reported 
values associated with biol~gical effects. These two values were determined using a method 



avnilable data from spiked-water bioamnya, examined the dietrlbutbn of the 
values, and determi~ed the lower 10. and 50-percenUle concentrations 
values. In the present document, the ER-L values wem concentrations equivalent to the lower 
10 percentile of the screened ~vafiable dab, and indicated the low end of tho range of 
concentrations in wNch effects were observed or predicted. They bere used h the document 
an the concentrations above which adverse effects m y  begin or are redicted among sensitive 
life stages and/or species or as determined in sublethal tests. ' ke  ER-M valuea for the 
chemicals were the concentrationa equivalent to the 50 percentile point in the acreened 
avnilable data. Th were used in the document as the concentration above which effects 
were frequently or r w n p  o k r v e d  or predicted among most species. m e  methods of Byrklt 
(19'15) wen? usad to detennlne the peraentile values. 

Exccpt for the benthic community data, most of the biological measuremenis made in the 
different approaches involved the determination of mortality as the end-point. Same 
contanurn-%, such as PCB and some aromatic hydrocarbons, mav be mutaaenic or terato~enic. 
and not v s y  toxic in acute tests of mortnli1y.- Mutagenicity A d  other ;hronic effectt-nu; 
occur at 1-bels lower than those listed in this document in am-lation with acute mortality. 

Klapow and Lcwis (1979) examined data collected from only one approach, spiked-water 
bioassays, and assumed that the data from different investigators and studlee were 
equivalent and comparable. The methods commonly used in spiked-water bioassa s are 
relatively standardized. However, they evaluated data derived from teats of di fferent 
species, which, presumably, had different sensitivities. In the present case, the data were 
assembled from more than one approach and often from different methods u d  in my one 
approach. They included data from studies that involved sptsies with different contaminant 
sersitivlties; therefore, they are less Hkely u be equivalent and comparable. Nevertheless, 
followhg the bcrcening step, they were ubed as if they were equivalent and comparable in 
the estimalion of ER-L and ER-M values. 

In addition to the objectively determined ER-L and OR-M values, overall apprent effwk 
thresholds were subjectively identified for some chemicals. These thresholds were the 
concentrations above which effects ueueilly or always occurred in assodation with increasing 
concentralions of the chemical. They were determined indepcndently of the ER-L and ER-M 
values by vlsunilv examining the sorted data. They are not to be confused with the AET 
values reported for Puget Sound, San Qrandxo Bay, and Misslssippl Sound. They were 
identified as an aid in evaluating the accuracy of the ER-L and HR-M val~res and were not 
used in ranking the NSkT Program site% 

Data compilation and anaiysis was as inclusive as possible and no weighting was given 
to data derived from one approach or another. As Klapow and Lcwis (19791 pointed out, the 
use of the inclusive approach and the calculation of percentiles of the data help eliminate 
the undue influence of a single (possibly outlier) data point upon the e~tnbllshment of 
consensus ranges in concentrations amdated with effects. in the present evaluation, the 
assumption was made that tterncl established hetween effects and chemical concentrations 
would be more credible if K"ased upon data from several sediment quality c.dteria than if 
based upon data from only one approach or experiment. 

The ER-L and ER-M values were established objectively by determining the lower 10 and 
50 percentUes in the data. No other m m  rigorous stalistical procedures were used, since the 
consens:~s ER-L and ER-M values were intended only for use by NOAA as general guidance in 
evaluating the NS&T Program data. 

The relative degrees of confidence in the accuracy of the BR-L and ER-M values are 
described for each analytc. Values for which we lled relatively high confidence were those 
that were supported by clusters of data with similar concentrations, by data derived from 
more than one a proach, by a data set that included more than results from the use of the 
COA approach, !y data derived from multiple geographic areas, and for which the overall 
a arent effects threshold was similar to or withln the range of the ER-L and ER-M values. 
$$ues for which we Itad relatively low confidence wem those that were supported by data 



wJth;eitHera small cluster or no Cluster of similar concentrations, by data derived hnm only 
0W:apmehand/or ham one geogra' Wc -, multe dedved only from the COA e pro~ch, 
and o r  which the overdl apparmt Jktcs h ~ h o l dwas diimilnr to or outside & range
of the BR-L and ER-Mvalues. 

The potential for biological. cffecfectswas assumed to be highest for those eites in which 
the sediments exceeded the most ER-Mvaluea. This potential was assumed to be lower for 
sites that exceeded many of the ER-L values, but not the ER-M values. Biolo$cal effects 
were asumed to be least likely at siteo that exceeded none of these values. Ih.2 site were 
ranked accoralngly. 

RESULTS 

In the third table for each analyte, the type of approach was noted with a shorthand 
descriptoc BP for equilibrium ~.:rtitionin& SSB for %pika-sediment bioassay, SLC for 
screening level concentration, AET for apparent effects threshoid, and COA for co-occurrence 
axtalyses. Dato available for some chemical analytes were judged to be insufficient to 
warrant the determination of ER-L and ER-M values. 

Acute nnd chronic toxicily of antimony to freshwater aquatic life occur a$ water 
concentrations as low as 9 , W  and 1,600 parts per mlllion (ppm), respectively; toxicity to 
algal species occurs at concentrations as low as 610 ppm; no Ynltwater criteria are available 
(RPA, 1986). 

The dnta evaluated for sediment antimony are from measures of effects petformed in 
Puget Sound and Sen Prands~o Bay (Table I), and the values available are from AET and co- 
occurrence calculations. The Pu t Sound AE% values range from 3.2 ppm to 200 ppm. The 
ANT values for the amphipo c? bloassa and benthic community composition differed 
considerably between 1936 and 1988. AE&T values calculnted by the present authors for San 
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FrMdsco Bay are 1.9 and 2.9 ppm for bivalve Khsaosttar gl Mytflue cdulin)h a e  and R. 
ubrarlf~danqhtpod Moamys, res wly. Bay, Waahlngton 
indtcate that toxfdty to both R. aF' The data from ~r;~nmmnent

mniue and the l a m e  of the oyater C #gas inaeaeed with 
lneeeaslng anMmon concentrations in the sediments. Sediments that caused moderate 
btoae@y Ioxldty to Lth species had a meen of 2.0 f 5.5 ppm mtlmon whereaa sdlmen$ 
that Were mwt hifly toxic had means of 915 f 189.3 and 27.5 f $15 ppm antimony, 
respectively. 

In San Franci~co Bay, there was no cuncordmce between nedlment toxicity to amphipods
and anthonv ConcentraUon. Sediments that were leas1 toxic or not toxic had hieher mean 
anlimony coicentratlons than tho* that were m a t  toxic or sl ficantly toxic. PO; example,
aampfes in which R. abronilrs mortalily was N est (67 f 12%k'had antimon wncentrsttons 
below the detection lidts, while those in wf2'ch mortality was loweat (1l k 6.6%) had a 
higher mean concentration. This lad: of concordance suggests that some other sedlment 
characterletlds) had a ater influence upon the todc res nsc than antimony; tfrcrefore, tho 
San Pranclaco BE amp8;"W bioassay data were not cons&% in the estimntlons of ER-Land 
BR-h4 (Table &lr 

Bloloatcal effects were noted in San Francisco Bav and Commencement Eav sediments with 
mean a n h n y  concentrations as low as a b u t  2 pph (Table 2). The data suggest an ER-Lof 
about 2 mm, eauivalent to the Lower 10 nercenlile of the data (Table 2). Commencement Bav 
scdlmeng that were moderately toxic tb both amphipods and bivalve larvae had a meah 
concentration of 2 vpm; the PSDDA eaeeninp. iwel concentration was 2.6; and the !.,west Puget 
Sound ABT value 3.2 ppm Thedata su&eet an ER-M of about 25 pm, roughly quival&~ 
to the 50 percentile of the data (Table 2). This value b supported gy observations of high 
toxicily to bivalve larvae exposed to San Francisco Bay sediments (mean of 25 pm) and Puget
Sound ART from two different biological tests (both26 ppm). With one exceP&n, effects were 
always d a t e d  wtth antimony concenhations of 25 ppm or greater (Table El). 

Data were available from only two approaches and from only two aphic regions. 
The de ee of co&ence in both the ER-Land ER-Mvalues for antimony s o Pfd be considcred 
as mo fcrate. Both values were supported by clusters of similar data, and the overall 
apparent effects threshold was equivalent to the ER-M value. The determination of the 
relationdtipa between antimony concent3ations and measures of biological effects !s hindered 
by the the lack o! data from the predictive EP approach and from single-~henncel.SSBs 

T&le 1. Summ~ryof sediment effects data available for mtlmony. 

References Biological Approaches 

Apparent Ufects Thrruhold 

1 1986 PUGET SOUND AET - R. abroriius ampNpod bioassay - oyster larvae bioassay -bentWc cummunily composition- Microtox'Y bioassay 

2 19N1PUGET SOUND AET- R. abronius amphipod bioasiay 

-benthic mmmunlty ccmpoeitlon 


20 PSDDA pidelines (hesed upon Pugel Sound AEO - sc&n level concentration - maxim& level criterion 



Table 1. &ony (conthrrod) 

Blologlcd Approaches ConcentcatIona (ppm) 

Appmnt Effect6 Thrrshofd 

SAN FRAN- BAY, CALIFORNiA ART 

Co-accturrncc Arulywa 

MI COMMENCaMENT BAY, WASHINGKIN- highly toxic to R. abmnius (15.7 13.9 dead/20) 

-moderately toxic to R. abroniup (5.2 f1.1 deadj20)
- L!ast toric lo R abmnius (25 f0.9 deaZ/ZO) 

- highly toxic (445 f 19.0%abnormal) to oyster l m a e  275 k 101.5 - moderately toxic (23f 23% abnormal) to oyster larvae - least toxic (15.1 f 3.1% abnormal) to oyster larvae 

SAN PRANCISCQ BAY, CALIFORNIA- highly toxic (67.0 f 11.8% mortality) to R. abmnius- moderately toxic (33.8f 4.7% mortality) to R. abronius 

- l a s t  toxic (18.4f6.8% mortality) to R. abronius 


- significantly toxic (42.9 f 19.2% mortality) to R. ahmnius- not toxic (18A f 6.8% mortdity) to R. abronius 

- Nghly toxic (92A f 4.5% abnormal) to bivalve larvae - moderately toxic (59.4f11.3% abnormal) to bivalve larvae 
- leasi toxic (23.3 f7.3% abnormal) to bivalve larvae 

- significantly toxic (55.7 f227% abnormal) to bivalve larvae 8.6k 11.9 - not toxic (31.9 f 15.5% abnormal) to bivalve larvae 

Ref crcnce Backgxound Approach Concentrations (ppm9 

EPA R e o n  VI proposed guideline 

na - not available 

Refcrmcea: 

1. BcUcr ~t al., 1986 12. hvlou and Weston. 1983 80. Tcmt Tech, 1985 
2. PTI Bnvim~lcntnlServices, 1988 20. U.S. ACDE, 1988 * Various, pleas? sec:wxl 
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TiXBlIYL W&rpqec-low mil effects range-mcdlur values fm antJri~rnymd 13 
.e~ric&kctlolu ,b~dctcrmlne thcle values arranged ta ..pending order. 

Conr!entraUonr (ppm) Bad Poht 

Commencement Bay, Washington Moassay COA 
BR-L 
Commencement Bay, Wmhl on blaassay COA 
hget Sound, Waahlngton A??- benthic 
PugetSound, Washington ART - amphipod
Sen Frandsco Bay, California bioamy COA 
Sen Frandsco Bay, California bioamy COA 
BR-M 
Sen Francisco Bay, Califomla bloea~ay COA 
PugetSound, Was.bgton AET -oyster 
PugetSound, Washin n ABT - MlmtoxFY 
Commencement Bay, %'asNngton M0~8my COA 
CommencementBay, Wmhl n bioamy COA 
Pumt Sound,Washin~to11hey benthic 

Arsmic is cardnogenic and tersto c in humans and other mammQls. Acute toxidty, as 
wen as eublethal effects, have been oced in Hsh and Invertebrates. Acute toxfdty can be 
Nghly different among specles, including those that are taxonomically related, wid can be 
highly influenced by temperature, pH, speclatton, and man other factors. Inor nic 
maenids are generally mare toxlc than organic fmOUer, 19&J a). Inorganic arsenic @) is 
acute1 toxic to freshwater aquatlc anlm&~at wnmtrntlona as low as 850 ppm in water, and 
can affectmarine planta at concentrations as low aa 23 to 56 m in water and marine animals 
at 2,319 ppm in water @PA, 1986). Klapow and Lwvls PP1979) pmposed a mrlne water 
quattty slandard of 8 ppm for total a M c .  

The data available for effects of ataenlc in sediment are from three approaches: EP and 
field studies in which AET value8 and/or Mwmvmnce values have been calculated (Tables 3 
and 4). Both acute and chronic marine values based upon EP rindples are available. AETs 
for both Pu Sound and San Prmdsn, Bay are available anfva from 54 ppm arsenic to 
700 p m. g A  were performed with data fmm Puget sound, ?ommencement Bay, San 
~ t a n & oBay, Waukegan Harbor, Black Rock Harbor, southern Callfornla, Sheboygan Rlver, 
Trinity Wver, Baltimore Harbor, DuPage River, Klshwaukee Rlver, and a dump site off 
Georgdwun, South Carolina. 

Data from man of the studlcs were not used in estimating the ER-L and BR-M values 
(Table B-2). The c Kerntcal data from San Frandsco Bay indicated a pattern of concordance 
with the bivalve cmb o bloassa data, but not with the am hipod bioassay. Thus, the 
latter were not coiisl7ered in t Xe estimation of ER-L and 7ZR-M values. The a rmlc  
concentration reported for Wauk@gan Harbor was below detection limits and was not 
considered fufihe~. The data from Southern California, Trinity Rlver, DuPage River, and 
Klehwaukee Rlver indicated relatively small ranges in arsenic concentgations and were not 
considered further. The Black Rock Harbor data were from a bloavutlabilih./untoke 
experiment In which the NmcentraUons of other metals were substanHalIy hlgher'thsi thai 
of arsenic. No effects uwn  benthic mmmunitfes were rewrtedat arscnic concent~ations urj to 
1.4 pm at the Georgetbwn, South Camline dumpsite. .The bioassay data from Lo8 An 'elm 
&r were fmw. s smaU sample slzc (two) and the ran- In concentrations for some o? the 
other chemtcal(~ in the aedimehb were much higher than that for arsenic. The Sheboygan 
River data were from a smU earn le sizf (three), from an experiment whose ob/cctive was to 
drffrmine uptnke (mainly of PCBS! and where the range in arsenlc values was very amall. 
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~~~ dat& suggest mBR-I. of about 33 ppln, the l o w  10 -tile vatue of the 
data bTdb1e 4). %an Prancim Bay sediments that were moderately toxic to bivalve larvae 
had a Mlu\ ~oneentratlon of 22.1 p and the chronic marine value derlved from EP is 33 
ppm (aemming a 4% TOC content!'"" In addition, two value based u n the background 
a pmach nze condietent wlth this value: the New England cleas III leveP"(>20 ppm) and The 
hpeiherlande Hatbor moderately polluted level (23 to 32 ppm). 

b the data (Table 4) is about 85 ppm; aup p e d  by the acute marina 
by J35 methods (64 ), Ngh toxicity in altimore Harhr samples 
and Puget Sound ~ R o r  benthic community effect8 and amphlpd 
ppm ,reepectlvely). With one exception, efferts were alwaye o k w e d  

in assodation with amnic mnrentrationa of 50 pm or ter an a m n t  e W  tlueslrold 
for arsenic flable B-2). Many values calculatef from 'd!ta coll n Commencement Bay
and nearby southern Pu et Sound indicate very Ngh areenic concentrations (690 to 2257 ppm)
in c?diments ansociate 8 with observed effects. Thlo area was highly im actcd by the 
atmos heric and aqueous discharge of arsenic from an tndunrrlal point source Por many years P
and kgh aracnic conccntrationa have been frequently observed there. 

The mmtc  data are from three approaches and from aeveral p a  hic areas, but do not 
include observations made in stngle-chemtcal, laborato SE'here appears to be 
relatlvel poor consistency and c1uslerlng amon the avalI%le vrrlues at the low end of the 
range. herefore, the degree of confidence in &e BR-L should ..econsidered as relatively 
poor. The ER-M value b su ned by eeverpl observatlona and is roughly equivalent to an 
overall apparent eftects khresf%, a216 the degree of confidence in it should be considered as 
nmderate. 

Table 3. Summary of sediment effects data avzllablc fmmenk 

Refercncea --- Biological Approachen Concentratlanu (ppm) 

Apparent Effeetu Thresholds 

I 1986PUGET SOUNDAET - R. abronlus amphipod bloassay 93 - oyster larvae (C, gigas) bioaaeay 700- benthtc wmmuntty composition 85- MicrotuxTM bioassay 700 

2 1968 PUGBT SOUND AET- R. abronius amphipod bloassay 93- oyster larvae (C. dgizs) bimasny 7M)-benthlc eommunlty composition 57- Mlcrotox~ bioaessy 7M) 

20 PSDDA guidelines (based upon Puget Sound AET)- Bcreening level concentration 70 
- muximum level dterlon 700 

I, SAN PRANCISCO BAY, CALIFORNIA AET- oyeterlmussel larvae bioassay 54- amphipod btoasuay 70 



Tdblc S. kr sn i c  I~ontlnued) 

Rrfwnccs Blologld Approaches Concentratloxu (ppm)--
C-nn Atulylcr 

80 CQMWIBNCBMENT BAY, WASHINGION- highly to& (15.7 & 39%dend/2(n b-, R. abmnius W7.1 f4213.7- modemte1y toxic (5.2 f1.1%dad/20) to R. abmniw 63.2f 118- least toxic (W * 0.9% deac\/20) to R,abmniua 28.3 f 26.6 

- highly toxk (44.5 f 19%abm.mal) to oyster lnrvae 689.9 f 2350.9- modleradely toxic (23f23%abnormal) to oyster larvae 58.7 f 148.1- least toxic (15.1 f 3.1% abnormal)to oyster hwae 27.8 f 30.8 

26 PUGBT SOUND, W&%lJNGMN- highly toxic samples (95%LPL)to R abroniw 1005 1 2777- moderately toxic (47.5 to *95% LPL)to R, abmniua 25.1 f 23.1- non-todc (287.5% ourvival) to R. abmnir~ 22.6 f 28.1 

SAN PRANCIEICO BAY, C A W i I A  
- highly toxic (67 * 118%)to R, alrronius 17.5 f 14.2- moderately toxic (338 i 4.7%) to R.abronius 10.4 f 13.4 - least toxic (18 f 6.6%) to R. abronius 28 f 215 

- signlfimtly raxlc (42.9 -1: 19.2% mortality) to R. abmnius 14.65 f 13.9- not toxic (18.4 f68%~nortality)to R.abmniusr 30.3 f 22.4 

- highly toxic (92.4 f 4.5% abnormal) to bivalve l m a e  50.7 f 29.3 .moderately toxic (59.4 i 11.3% abnonnel) to bivalve larvae 22.1 f 19.4- least toxic (23.3 f 7.3% abnctnnal) iu bivalve Larvae 13.7 zt 14.8 

- signtricantly toxic (55.7 f 22.7% abnomrol) to bivalve larvae 22.8 1 22.1- not toxlc (31.9 f 15.5% a b m d )  to bivalve larvae 22 f 18.7 

72 WAUKEGAN HARBOR,WISCONSIN highly toxic 
(66.3 4.25 % d t y )  to H.azleca ~47.2 

n BUCK HARBOR, C O N N E ~ C U T  - 100% mottsUty to N,d r e w  1.88 

56 SOUTHERN CALIFORNIA- Mean eonmrdanm with significantmortaUy (51.7%) 
toG. japonica 8.3 - Man concordancenat signicantly toxic (23.2% moxtatity) 
to G. japonica 5.8 

74 SHEBOYCiAN RIVER, ISC CONS IN 
- 8ignificant mortality to M. rosmbtrgii 2 3  f:0 2  

39 DUWAMISH RIVER,WASHINGTON- 0 to 10%martallty to P. pug& in 96h bioasssys 1.3 

39 NEWPOKT, MODE ISLAND- 0% mortality to P. pug& h %-h e1utrtate blonssayn 2.8 

39 STAMPDRD, CONNECnCUT- 10%mortality to P.pu.qio in 96-h elukiate bioassay8 1.O 



Table 8. ME(ermtlnued). 

Rsference~ 	 Blologlcd Appronches Concentzattona (ppm) 

Cd)ccnrwnct Analyen 

39 NORWALK RIVER, COhnJECI'ICUT- 0% mortality to P,pugfu in 96-h elutriate bioesseys 


39 UX ANGEL@, CALIFORNIA
- >50% mortality to P. prcgfo in %h 20% elutdste bionsseye 


75 ~ R N B % ~ 
- significant mortatlty to Dnphnh magnn.~n-toxlcto D, mngna 


64 GEORGBIUWN OCEAN DREDGED MATERIAL DISPOSAL SITE, 

SOUTH CARQLINA-na effectsonbenthiccommunity abundance or epeciea n&ness 


62 BALTIMORE HARBOR, MARYLAND
- most toxic to mummicho@and spot in &hour bioanssys - least toxle to mummlcho~ and spot Inahour  bic~~m~ys 
91.9 f 786 


60 DUPAGE RIVER, lLUNO1S
- low nun&er of tam (6.7 f2.5)- high number of taxn (15.8 f2) 


61 KISHWAUKBB RIVER, ILLINOIS 
- low number of taxn (8.4 i0.5)- high number of !am (16.3f4.6) 

13qulllbrium Putlttonlng Appmch 

17 	 BPA acute mohe EP threehold (W%TOC) 


EPA chronic marine BP threshold (@% KX) 


Refcrcnce~ Background Approach 	 Concentratfon~(ppm) 

43 New Bnelmd interim hlgh conbnitrstion lwel for dredge nliterist ~ 2 0  


RrBlon V guideline for pollution claeslficathn of sedilmnh~ 3 

l2 	 USG5 a ert lcvele to tla 15 to 20%of ampleu anal zed 200 


OnUvlo Minfetry of tl\eIZL\vimnnwnt DredgeSpoil $IdeltnM1 8 

BPA Region VI p r o m  guidelinu 5 


20 	 EPAIACOR Puget Sound I~lterimCriterln (central baetn backgmund) 12.5 

I4 


8357 




--- 

- - 

Table a. h e m &  (continuetl). 

Backpound Approach 

23 Rottetdam l h b o r  sedlment quallty &ssiflcations- Claw 1(slightly contaminated)- Claw 2 (moderatdy mlamlneted)-

Concentrotions (ppm) 

68. Bahdckct a!., 1981 
71 S i r s~ea  cr al.. 1984 
72. Inpml l  MU Nelson, in p m  
74. Tw, 1986 
75. Qaair. el a!.. 1980 
80. Toua Tech, 1985 

Class 3 (contamtnated)- Claw Q (heavlly mntamhted) 

References: 

1. BeUm et al., 1981 39. 
2. PTIEmimnmental Scniars, 1988 43. 

h a n d  Mariani. 1977 
NBRBC,1980 
Andenon cr a!., 1988 
Ilinoia BPA. 19888 
Illinois EPA, 1988b 
Tsrir el 41.. 1979 

12. Pavlou and Weston, 1983 
17. Lyman el al.. 1987 
U). U.S.ACOE, 1988 
23. J m ,  1987 
26. DeWitt e! nl., 1988 

56. 
60. 
61. 
62. 
64. Vanhlah el al., 1984 

Table 4. Effects range-low and efects range-median vplues for nraenlc and 1 6  
ccncentrrtlons uaed to determine them values arranged in accndlng order. 

Concentrution (ppm) End Point 

22.1 Snn Francisco Bay, California bioassay COA 
33.0 ER-L 
33.0 EP chronic @4% TOC 
50.7 San Francim Bay, California bioassay COA 
54.0 San Francisco Bay, Caltfornia AOT 
57.0 Pupt  Sound,Washington ABT - benthic 
58.7 Commen-t Day, Washington bioassay COA 
63.2 Commencement Ba ,Washington bioassay COA 
64.0 EP Acute 624% KX! 
85.0 BR-M 
85.0 Pupt  Sound,Washington AET - benthic 
91.9 Baltimore Harbor, Maryland bioassa COA 
93.0 Pugel Sound,Washin on AET - arnpLpod

689.9 Commencement Bay,$ashlngton bloassay COA 
700.0 Puget Sound,Washington AET - oyster
700.0 Puget Sound,Washtngton AET - MicrotoxrM 

1005.0 Puget Sound,Washington bioassay COA 
2257.1 Commencement Bay, Washington bioassay COA 



Bisler (1985) aummariPd a~:dlpble todwlogical data for cadmium rnd concluded thnt 
concenkcltlons lir freshwater a c e d i n g  10 part8 per bllUon (ppb) are ansodated with high 
mortality, reduced grcu.!lt, inhblted rcpmduction, and other adverse effecto. He also 
condudcd that reslatance to cadmium wae higher among marine species than among 

a!;theLC% for m mmPri(.~.eorganha  ranged from 320 to 430 ppb. iaa w 
sed a marine water quali standard of 3 m. Effccta have E n  
as low as 1p n  amorykhwater anlmai!!n water, 2 P r  m n 6  

freshwater plenta in water, and 15.5 ppm among marine animals in water (EPA, 986). The 
96.h rnfor ~p idopak6akk is 16M/Lc d  a2(US. EPA, 1987). 

A wlatively large amount af data edste. for cadmium insedlmanta (Tables 5 and 61. AgI' 
values have beem calculated wlth data from Puget Sound (ran 5.1 to 9.6 ppm) and lian 
Prnndm Bay (1.2 to 1.7 ppm). Acute and chronic marine thres fEId values (96and 31 ppm,
respecDlvel mumine 4 t TOC content) based upon EP are avdlable. S iked-sediment 
bioassay8 k v e  been pe ormed with the amphipod R.dbmniw (range in LC 
p m), the fleh Pim hela affinb (LC50 of 11 ppm), and the polychaete Nereb wircns (no 
&em tn 40ppm ca%ium). m e  R. abmnlw bloam a have been perfonled wlth 4 4  and I& 
d expoeure periods and with lethality and subictkl end-pointe.. Matching chemical and 
bloloaical data from fleld-collected immale~ arc available from manv acwara~hlc areas 
inclu& Commencement Bay, San ~rancltku Bay, Southm~ &n bego Bay, 
Hudson-%tan Bnv. Black Rock Harbor, M~~98chusetta 

W o r n i n  D ~ I I ~  
Bav, and Baltimore Harboc mttm 

in co-occurrence & r e  de ledned  for all of these and other data aeis. In most ch,the 
chemlcal analyre determined that the rmtlrnento had contaminants other than cadmiuni 
that could have tduenced the biological measurn. 

Either no measurable effects or vc sml l  a parent cffccts wcrc observed in the data 
from bioassa B of sediments h*om theLwumisK River i<0.5 ppm), Newport (<0.5 ypm), 
Stamford (2.i'p lm), Norwalk (4.1 pm), New York Harbor (38.6 ppm), and in anal sen of 
benthos at the &rgetown die safeite (~0.1 pprn). Mean cadmlum concentraHons Ylffmd 
very little between sam Lea Ern hlaasachusetts Bay Ilmt had hlgh, moderate, and tow 
s clee rlchne~)~ Relatively hlgh survival tn a suite of biooesayth of San (OA to t1ppmk 
$TO Harbor was obecrved over a relalivclv l a r e  rnnae in cadmium coricentrations (0.9 to 
3 ~ . J ' ~ ~ n l ) .  cithcr lacked concordance with cadmlumBioabany data from San Frnndko by 
concentraHone or Indicated very little difference in mean concentratlor. between the hlahlv, 
moderately, or least toxic samples. Similarly, the Ml'valuee from San Francisco Bay are 
Hkely of limited value, since it appears other factors iduenccd thc toxic rcspows. Thc 
Lake Union data indicated that onk one site was ai~nlfimnllv toxic and it was hlehlv 
contnmlnatcd wlth noleum h drocerbons. Tokl sp&a abundbce in Southern ~alIfo"& 
Blcht sediments kc& concorAce wlth tile menn concentration of cadmium. LORAnaclen 
kicrbor d imenta  were more contaminated with cheml~~~ls  other than cadmium (mean i 3.0 
pm). The date from bioaseays of Woukrgan Harbor werc from a very small scrmple 8izc 

rn=4) and thorn d l m c n t s  had relalively lrfgh lcvelo of many other contaminants. The 
Black Rock Harlar sediments wen? tested in an u~take/b~oavnllabiUtv studv and had hipher
concentr~tlone of metals other than cadmium. Thb data from the ~ h & b o ~  i n  River bioaGye 
were from nn uptake study with n snmplc sim of three and in sedlmcnts n whlch PCBs nnd 
other chemlcald: wcre highly cievated. Various testa with the clam Macoma balfhica in 
Fraser River catwry seciimmte. indicated n small ~ r a d t m t  in cadnllum concentrations anionp: 
namplce and e high proportion of the sampiex-had cadmium concentrations below th; 
detecHon Hmtts (OA pprn). All of the dab a b v e  were not used in the esHnlntion of ER-1, and 
OR-M vnlues (T~~ble 8:3l3) 

DuI'age IUvu oedlmcnts Indicnted no concordance between bcnthic wxa richness and mean 
cddmium conccntrattone. Most of the aedlmcntr aampied in the Ktshwaukce River hod 
cadmlum mncenhaHons below the detection limits of 1 An LC30 of 1.01 prn doveloped 
from a K. abroniw bioassay of foundry nands aplked w ww, in c ffcct, a bloasnay 
of aqucoue cadmium since no or very little flnr-grained pafltcleu wcre aveilable. Keweennw 
Waterway d imento  that were toxlc to Daphnh ma na contained higher concentrations of 
copper compared to cadmlum. Sediments from Pdllips Chsln of Lakes, Torch Lnke, and 

r 
 of 1.01 -20.8 0s.!! 



liittIe.Qlzilym k were 'wconiamiMteU with copper; cadmium d I f M  little between 
;to%@grid n6n-fo*rc a m  Hi1 Jtatiom, Sediments ham Gubatao River, Brazil w m  higNy
cbittarnl~& Mthche&dbp:&cr thancadmium All of the data described above w m  not 
~tiiTderd:#vrtheri t iW.eSWonof ZR-L oM BR-M vsluw (Table 83).. . 

The degree of confidence in the BR-L and ER-M values for cadmium should be considered 
as very high. Data are evallable from many app~oaches, from mulHple methods fo. - some 
ap roaches, and 01 are relatively condstent. An overall apparent effects threshold 
co8dded with the H?-Lvalue. 

Table 5. Summnry of sediment effects data avatlable £orcadmlwn. 

References Bf~logical Approachen concrnhatton~ (ppm) 

Apparent Effects Thmshold 

1 1986 PUGEC SOUND AET- R. nbroniw am hlpod bloaway 6.7- ayster larvae 8.gigae) bioassay 9.6 
-benthic community campodlion 5.8 - MicrotoxTY bi0~898y 9.6 

2 1988 PUGET SOUND ABT- R, abmnius am hipod bioasmy 6.7 - oyster larvae PC. signs) bioassay Y.6- knthlc conununity composlHon 5.1 - MlcrotoxTY bloaseay 9.6 

20 PSDDA GUIDELINES (based upon Pugct Sound AET)- acmening level concentration 0.96 
- maximum level crltorlon 9.6 

* SAN FFANCISCO BAY, CALIFORNIA AET- bivalve larvae btoaaeay 1.7- ompWpd Moaasey 1.2 



I 

Biologid Approaches Conccnttatione 

Co-O~eurmnnAnalpea 

So COMMWlCEMBNT BAY,W ~ ~ G T O N- hlghlr toxic (15.7f 3.9 dead/20) to R. a h f u s  41.6 f 79.8- moderately toxic (5.2 f 1.1 dead/20) to R. abmnius 2.9 f 2.3 - least toxic (2.5f 0.9 dead/20) to R. obmdus 2.3 f 1.3 

- highly to& (44.5 f 19%abnormal) to opter larvae 153f45.1- moderately toxtc (23f2.3% abnonnnl) to oyster larvae 2.7 f2.0- least toxic (15.1 f 3.1% abnormal) to oyster lawae 1.9f 1.1 

29 LAK8 UNION, WASHINGTON - 95% mortality to H.azteca 1.98 

39 DUWAMISH NVBR, WMHINGTON- &lo% mortality to P. pugio <0.5 

n FRASER RIVER. B.c., CANADA 
-sediment devoid of M. bafthien 1.2f 1- sediment populated by M. bolthful <O.M 

67 WLTOP Gl?ORGIA, B.C., CANADA 
- significant Lnmase Ln bumwing time (ET50)ofM.balthice 0.4- aipiftcant 24-h avoidance behavior among M. klthicp 1A 

SAN FRANCISCO BAY, CALIFORNIA 
- highly toxlc (67fl 1.8% mortality) to R. abronlus 0.a f 0.5 - moderateiy toxlc (33.8f 4  .7% mortality) to R. abmnius 0.5 f 0.3- least toxlc (18 f 6.6% mortality) to R, abwnius 0.6f 0.3 

- eigntficantly toxic (42.9f 19.2% mortality) to R. abmniw 0.6 f0.4- not toxic (18.4 f 68% mortality) to R abmniua 0.6 f 0.3 

- highly toxic (92.4 f 45% abnormoli. to bivalve larvae 0.7 f 0.3 - moderately toxic (59A f 11.3%abnormal) to blvalve larvae 0.7 f0.5 - least toxlc (233* 7.3% abnormal) to bivalve larvae 0.4 f0.1 

sip;nlficantly toxlc (55.7f 22.7% abnormal) to bivalve larvae 0.6 f0.4-+ 

not toxic (31.9 f 15.5% nbnormal) to bivalve larvae 0.6 f0.3 

49 I'ALOS VERDES SHELF, CALlFQRNIA 
- significantly toxic to R. abronius 28.7 f 3.1 - not toxic to R. obronlw 8.9 f 92 

50 -major degradation to macmbenthos (20.28p.IO.lm aq3 28.7 f3.1 

56 SOUTHERN CALIPQRMA 
- significantly toxic (51.65% mortality) to C. japonie. 5.3 - not toxic (23.2% mortality) to G. japrmim 3.2 

- Idgh echinodermabundance (1913 f70.110.1 sq. m) 0.4 f.0.3 - modcrate echtnoderm abundonn) (56.2 f 23/0.1 eq.m) 0.5 f0.3- low ecNdcrm abundance (6.1f ?.2/0.1 q.m.) 6.2* 13.1 

I8 
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-high arthropod abundance(148i5W0.1 . m )
abundance (726 * 620.1 aq. m.)

g%-ancr (353* 15.8/0.1 nq. m) 

- d e k t e  epedaa richnese(72 t 33/0.1'
-low species richness(512 f.86/0.1 sq. m84; m, 
- h(d\ total abundance (88.9435.410.1 eq.m)- moderate total abundance(75.6 f.12.7/0.1aq m.)- low total abundance (57.6 * 136/0.1aq. m.! 

39 LQS ANGELES HARBOR,CALIFORNIA- >50% mortality to P. pu& (20% ciutdate bioawy) 

48 9AN DIEGO BAY, CALIFOXNU - >97% clurvival of P. ataminan- >97% survival of M, clangala- >97% survival of N. armamodmta&- r97% survival of C. sfigmaem andM.clongata 

66 - St%survival of C. ehlpnaw. A. scufpta, pnd A. bnan
- 286% survival of N. a r d m t a l a ,  and M. naeula 

55 L l T l U  GRIZZLY OREEK,CALIFORNIA- el$nlficant mortality to D, mgm 

' 72 WAUKEGAN HARBOR,ILLLINOIS - highly toxic (66.344.25% mortality) to H.atern 

79 HUIXON-RARITAN BAY. NEW YORK- nqptlve rate of gmwth & nematode, C.~emanica- poeltlve rate of gmwth in nematode, C.gm~nica 

82 MASSACHUSBTE BAY, MASSACHUSETCS - high benthos s ea richr~ess(93.6f9A/0.1- moderatebenS" m)to@epcdee richnw (58.2*lOS?D.?;. 
-low benthou s e e n  richem (31i6W0.1 oq. m.) 

74 SHBBo'l.;AN RIVER, WIXONSIp- slplfimt mortalf!yto prawn, M. rosenhergii 

39 NEWPORT, RHODB ISLAND- 0%mortality to P.pu@ 

0 STAMFORD, CONNECFICUT- 10%rn0MIlty to P.puSfo 



--- 

Table k Cldnltln ( c o m ~ ~  


Rsfuemceo Blolo~icaiApproachen Concentratioma &pa\) 


CcbOccuncnce W y r r  

40 	 CX JATAO RIVER,BRAZIL- 2Rhour BC-S4 with D, simillb 	 0.2 

51 	 KBWBENAW WATERWAY, MICHIGAN- slgnlficantly toxlc to 0.mgnn 	 I.? t0 3- not toxic to D. nqnn 	 0.6 f0 3- mean cow. ihlghly tmic (northern) sediments to D. m a m  1.5- mean conc. in least toxic (muthem: sedimenb to D. m n g ~  0 5  

55 	 PHILLIPS CHAW OP LAKES, WIS&NSIN- algtdfieant mortality to D.magna 	 4.9- low mortality (0.5%) to D. mag^ 	 3.1 f-0.6 

55 	 TORCH LAKE,MICHlGAN- sl@Hcant mortally to D. mag^ and Hcxagcncnia sp. 	 25 

75 	 TRINITYWERTEUS- significant mortality a,D. magm 	 10.6 * 8.7- low mortality to D. mqm~ 	 4.8 i5.6 

CA 	 GEORGBIY)Wbl OCEAN DREDGED MATERIAL DISPOSAL SITE, 

SOUTH CAROLINA
- IW effect6 upon benthoe spedee riciuaess or abutdance 	 c0.1 

44 	 NEW YORK HARBOR,NEW YORK- ~10%mortaUty in addt N.drm,M. m n c m r i ~ ,nnd P.puglo 38.6 

BAL'flMORE HARBOR, MUYLWD- most toxic to muMnldlogs (5.1i35TLm)s t 15.9 f34 TLm) 22.8 i 19.8- least toxlc to mummlchogs (43.2 *31.1 TLmP"spot (24 f 5.6TLm) 2.0 

60 	 DUPACB RIVER, ILLINOIS- least number of benthic maaoinvertebratc taxa (6.7f ZS/aite) 1.3 f- 0.6- lugheot number of benthic matminvertebrate taxa (15.8 i 2/sIte) 1.5 f 0.9 

60 	 KWNWAUKEE RIVER, ILLINOlS 

-least number of benthic macrohtvertebratetaxa (8.4 t O.S/site) .Sf0
- highest number of benthic macrohvertebratc tare.(16.3 f .6/rite) 09f0.8 

BquiUbrkum PartlUontng 

17 	 EPA acute marlne EP ttmshold (@4%TOC) % 

4 	 EPA chronic marine EP threshold (@4%TDC) 31 

Splkcd-sedlment Blo~saya 

70 	 Signlflcnnt reduelloon in eunrival of P. affinia in 44.5- d bioamy 11 

8 	 LC50of R. abronius Ln 10-d bioamy (n=*&) 9.81 

EC50of R. abmniw emergencein 104 blaassay 9.72 

EC50of R. abrotrius rcburlol in 10-d blowmy 9.07 
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Table 5. CLdmtum (~~nl in~~cd)  

Rcfuencer 	 BIologicd Approrrhes Conccnbnllws (ppm) 

8plked.sedlment Ulo.salrys 

28 	 LC30 for R. abmniw in 10-d bloessay (Yaquh Bay) 8.8 

LC50 for R. abroniw in 1W bioassay Whey bland) 10 


45 	 LCW)f95%C.L.for R. a b d u a  (fmh) 104 bioassay 8.7 (8.1 - 9.4)
LC40f 95%C.L far 8.abmniw juveniles 8.2 (7.6 - 8.9)
LCSOf 95%C.L.forR. abralua adulte 	 115 (10.6 - 12A) 

9 	 LC30for R, abmdua sunrival, 1W (n = 5 x 11dilutions) 6.9 

E G R  for R. abroniua reburial, 10d (n = 5 x 11dilutions) 6.5 

BC50 for R. abmiw reburial. 4-d (n = 5 x 6 dilutluna) 20.8 

LC50for R obrodua survlvd, 4-d (n =5 x 6 dliulions) 25.9 


22 	 No 0 h ~ ~ b 1 e  40mohtallly or Mavioral effects !o M.uirctw in 26 aays 

11 	 23.2% dead and 86% avoidancxz, 56 R. abroniw, 72-It,2-choice 
eyerhen:.

444%nvoidancc, 45 R. abmniua ,72-h, Z-cl~oiceexperlment 

27 	 LC76 for R. abmniw in 72-h Moaasay

LC98 for E. ~encinusin 72-hbiaassay 


73 	 LC50 for R, abroniua exposed to foundry$an&, 104 bicamy 
Overall LC50 for R. abroniw expo& to sand (&I) 

Refr?enccs 	 h c k b  m i d  Approach 

68 	 Great bakea harbors clsssllleatton of non-piiuted sediment 

5.8 
5.6 

8.5 
8.4 

1.0 i1.1 
8.9 

Concentzatlcsno (ppm) 

6 

43 	 New England interim high contmnhatlon level for dredge mate~bl >7 

12 	 EPA Refon V guideline for pollution clamiflcation of sediments 6 

USGS a ert levels to ila 15 to 20% of samples anal zed 20 

Ontario MMstry of theflnvimnment Dredge Spoil C!uidelines 1 

EPA Rcglon VI proposed guldelinea 2 


20 	 HPA/ACOE Puget Sound Interim a t e &  (central b i n  background) 0.7 

23 	 UoHerdem Ilarbor sediment quality &iselfieations - Clam 1 (slightly contaminated) 	 c6- Clam 2 (moderately contaminated) 	 619- Uass 3 (contaminated) 	 19-32- Clam 4 (heavily contaminated) 	 732 
.-	 -
Reference% 

1, Bller el a1.. 1986 40. ;lagaUo el d..1987 66.Salaearand Snlaznr. IY85 
2. rmiEnvironmd Savicas,1988 43. NIIRBC, 1980 67. McOrea, 1979 
4. 	 Bolm oal.. 1985 44. Rubinsccm cf al.. 1983 68. Bthick cr al.. 1981 
8. Mtams el ol., 1986 45;. Robinson a 01.. 19B8 70. Sunrklin. 1988 
9. S w W  el al., 1985~ 48. Salazar er d.,19W) 71. Simmersec al., 1984 
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Tabla 5. Cnrlmlam (cantbud) 

Rcfcrencea: 

11. Oskdensta&.1984a 
12. Pavlou and weslm, 1983 
17. Lyman r d..1987 
20. U.S. A m .  198R 
22. Oh st al., 1988 
23. lanuan, 1987 
27. C)aMta~r al.. l W b  
28. Kemp et al., 1986 
29. Yak. cr al., 1986 
39. Lea and IvMani, l9 l l  

49. S w m  el al., 19851, 
SO. Swam cr al., 1386 
54. Weuget at., 1984a 
55. Melcug el aL 1984b 
56. A n d e m  et al.. 1988 
60. IUinois BPA.1988s 
61. Uliaab EPA. 1988b 
62. Tnai el al.. 1979 
64. Van DoLah sf al., 1984 
* VnTbuS. plcascaec mt 

7 2  hgcmllmd N e h ,  1989 
73. OU,1986 
74. Tatam, 1986 
75. Qmim st al.. 1980 
n. ma-, 1962 
79. Tietja~and Lte, 1984 
80. Tebn Tech.1985 
82. O f l W  ct a?.,1976 
83. Word and Mmmn. I979 

Table 6. BfPecta range-low and dfcrts range-median values fur cadmium and 36 
conccntraHans uaed to detolmlnc these values arranged Inurcending, order. 

Canccntr.tlrms (ppm) And Point 

4.3 Southern California arthropods COA 
4.7 Southern California species riches8 COA 
6.0 ER-L 
5.1 Puga So~md, Washington APT - benthic 
5.3 Southern California bioassay COA 
5.6 SSB with R. abroni~rs 
8.4 SSB with R. abronius 
5.8 Puget Sound, Washington - benthic 
5.8 SSB with R. abronius 
6.2 Southern California echinodenna COB 
6.5 SSB with R. abronius 
6.7 Puget %und, Waslhgton AET - amphipod 
6.9 SSB with R. abronius 


, 8.2 SSB with E. sencillus 

8.5 SSB with R. abronius 
8.7 SSB with R. abronius 
8.8 SSB with R. abronius 
8.9 SSB with R. abronius 
9.0 ER-M 
9.1 SSB with R. abronius 
9.6 Puget Sound, Washington BET - oystm 
9.6 Pu t Sound, Washington AFT - Microbxa 
9.7 SSrwith R. abronius 
9.8 SSB wtth R. abronius 
10.0 SSE wiih R. abronius 
10.6 Trinity Rtvm, Texas bioassay COA 
11.0 SSB with P. af nis 
11.5 SSB with R. a onhs6;

15.3 Commemement Bay, Wmhingto~~him COA 
18.6 Hudson-Raritan, New York bioasssy COK 
20.8 SSE with R, abronius (446 ) 
22.8 Baltimore Harbor, Ma lan% bioaseey COk 
25.9 SSB with R. abrontus %-day) 
283 Palos Verden Shelf, California bioaasay COW 
98.7 Palos Verdes Shelf, Californfs benthos COA 
31.0 EP chronic marlw 634% T0C 
41.6 shington Monssny COA 
96.0 
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chromium 

The toxicity of chromium is hi influenced by speclation; acute and chronic toxldty to 
aauatic and marine omnisme has%!!i tested wlth duomlum (Ill) and chromium (Vi). Acute 
t&d of chromium iVI) to aalhvah?ranimalsoccurs at concen%ationa ranging from 2,m to 
105,&ppm. Amte (Dddlyof cluumlum (III) has been observed at concentrations of 10,300 to 
31500 m (U.S. BPA, 1986). Elder (1986) also observed a wide range in concentrations in 
watm atcaueed effechs 44!3 ta 2p110 ppb for chmmhnn CVI) and 2,080to 3,200 for &?miurn 
(ID). Klapow and Lewb (1979) propoaed a msrlne water quollty standard of 2 ppm for total 
chromium 

A relatively la e amount of data exists for chromium in sediments (Tabie 7). AET 
values were availab% for Puget Sound and yer re calculated from data available from aeveral 
studies in San Frandsco Bay. No si emical, SSB data were availab1e and no 9LCor EP 
data for chromium were avdlable. T%zumrnce a n a l p  were performed rvlth data from 
studies pekfonned witit benthic communt composi~mand toxicity tests. These etudies had 
been pdonned in many m s ,  ii~ludlng:&mmcncemmt Bay, Strait of Geargi~,Son Franciw 
Bay, off various arms of southern Ca ifornla, Hudwn-Rarltan B estuary, Maseechusetts 
Bay, Trinity River, Baltimore Halbor, DuPage River, Kishwaukec TIver, and Phillip Chain 
of Lnkes. 

No effects amon the benthos at the Geo etown, !kuth Carolina disposal site were 
observed al up to 2.! pm chromium. Most or&the bioasseya of San Mego Bay eedmenta 
indicated high survivar Only one mmple from Lake Union indicated toxicity and !:was 
overwheMngly domlneted by PAH. Very little concordance behveen chromium and toxicity 
was observed in Commencement Bay nnmples. Southern California oediments t b t  had 
moderate densities of echinoderms had-rnean'mnnnhaaons of chromium simllnr to those that 
had high densities. Waukegan Waterway sediments toxic to Hwalclln atsa were tested with 
only t h e  samples. Klshwiukee sedlmeim were more highly rontaminated with PCBs than 
with chromium. Southern Collfomia sediments wlth moderate arthropod densities had 
chromium concentrations similar to those that had high densities of arthmpds. Zos Angeies 
Harbor &edimen:s toxlc to PapugL, were not hi hfv contamlnated with chromium. Three 
stations in the DuPage River hod low numbers of Lthic macrohvertebrate tam, but on1 one 
had a U h chromium concentrstion. Burrowing time for hacoma balthica exposed to &aser 
River d imen te  was increased relative to conhola, but most of the variance in tke data was 
explained by the hi h concenhations of other chemicals. None of the da,l from these 
studies was usod hrrtter in the estimation of EX-L and BR-M values (Table B-4). 

The remaining data (Table 8) suggest an ER-Lof about 80 ppm chromium, roughly the 
lower 10 percentile of the data. Massachusetts Ba sediments with low species richness had 
a mean chromium content of 81 ppm, ns c o m p K t o  a meon of 27 ppm in samples that had 
high specles richness. Trinity Rlver sediments that were significantly toxic to Daphnia 
tnagna had a mean of 72.6 m, as compared to samples that were not toxic that had a mean 
of 18.1 pm. Southern C%fomia samples that were si@ficantly toxic Lo Grandidierclla 
jnpunicrr k d  a mean of 81.4 ppm, as cornpami to non-toxic samples with a mean of 73 ppm. 

The data suggest an ER-M value of about 145 p m, the 50 permntile value of the data 
(Table 8). This vdue is sup P" rted bK,significant to 2city of Shebo gan River sediments (128 
ppm) and low southern Coli omia & opod abundance (145.8 ppm{ 

Thedegree of confidence in the ER-LAMI W-Mvalues for chromium should be considered 
as moderate. There are no data from sin~eche.nico1, iked-sediment bioaesays and from EP 
principlee. TAll of the avallabl~ data are Held col ectbns of matching biolonlccl and 
bhemical data and are, therefore, aub/rct to the weakncnesses d d b e d  previoilsly regrding cco-
occurrence anelyaes. Furthermore, there appears to be relatively llttle convergence, or 
consistencv in thi? values rewrted fmm the various studies. Some of ihe wor mnaiatSncv mav 
be due td a lack of sped~timdata for chromium; all of the data w&it reported a; toti1 
chromium, whereas the hexavalent fonn has been reported ao the mosi toxic. No overall 
effect8 threshold ia apparent from the available data. 
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2 1988PUGBTSOUNDABT-R. abmnircs amphipod Moaasay
-benthic amununity"nposltlon 

SAN FRANCISCO BAY,CAtIFORNIA AET- bivalve larvae bioassa-R. abwnius amphi* 4oasaay 

co-occunence Analpe. 

80 -CHMKNT BAY, WASHINCNlN- Nghly to* to R. abwnius (15.7 f 3.9 dead/20)- moderately toxic to R. abroniua 15.2 f 1.1 dead/20)- least toxlc to R.abmnircs (25 10.9 deaddRO) 

- highly toxic (44.5 t 19.0%abnormal) to oyster larvae- moderately toxic CL3 f23%abnormal) to oyster larvae- least toxic (15.1 f 3.1%abnoml) to oyster larvae 

+ 0 

29 LAKE UNION, WMHINGTON- 95%mortallly to H,aztccn 

39 DUWAMISH RIVER, WASH1NGIY)N- 0-10%mortnlity to P. pugio 

67 STRAlT OF GBORGlh B.C., CANADA 
- eigniflmnt incm88e in bumowing ttne (eT50)of M.balthlca- signincant 24-h avoidance behavior amongM. brrlthia 

n msea RIVER,B.c., CANADA- sedtment devoid of feral M. balthia- sediment populated by feral M. balthica 

* B A N  FRANCISCO BAY, CALIFORNIA 
- NWYtoxic (67.0 t 11.8%mortalitv to R. abmnius- &irately tmic (33.8 f 4.7% morja~tyito.R. abroniue 163.3 f 1163- leaat toxic (id.4 t 6.8%mortality) to R. abmniw 195 t 93.9 

- siaificantly toxic (42.9 f 19.2%mortality) to R. abronius 154.9 f 102.1- not toxic (18.4 t 68%mortality) to R. nbmriiua 202.6 t 973 

- highly toxic (92.4 f 4.5% abnomI) to bivalve lervae 97.5 f66.7- moderately to* (59.4 f 11.3%abnormal) to bivalve larvae 1Uf91A- least toxic (233 f 7.3%a b n o m )  to bivalve larvae 88.2 f 82.7 

- eigrJficantly toxic (55.7 f 227%abnom\al) to bivalve larvae 133.7 f94.2- not toxic (31.9 f15.5%a b n o d )  to bivalve lmae  150.2 f 85.9 



56 -CALcPORNIA- 8ignUkmtl to& (51.@% mortsuty) to G. japasW 81.4 * IB.5- not todc (62%mortality) to G.j q ~ ( y 1  73 f IXA 

83 - hlgh echinoderma- (191.3f70.1/01 sq.m.) 29.6 f 115-6- nviiemteed\lnadem\akmQance(56.2 f2310.1 eq. n) 323f175- low echinodermabundance (6.1f72/0.1ag.n) 2013?. 349 

- high apedearichness (96.3 fY2310.1 aq. m)- moanate speciesdc!hnew (72f33/0.1 a)
-low spedea dchneea (512f 8.6/0.1 aq.3 
- high total abundance(88.9f35A/0.1- mociemtc total a b u d m ~ e(75.6 f 12.7/='8.Im,q.m.)- low Mtalabundance(57.6f13.6/0.1aq. n) 

39 U3S ANGELBS HARBOR, CALIFORNIA- 250% mortalily to P.pu& (20% duMate bioaay) 

48 SAN D U G 0  BAY, CAUPORNIA- >97% 8U&vd of clam, P.s ~ I ~ ~ L P- 297% survival of shim M.clongata&- >97% survival of p l y  ete, N. afmceodmfata- >97% survivalof eanddab, C, elipams, and M. elongaia 

66 - 282% suNivnl ofC. aHgm~nrs,A, sculpta, and A. loma- %% survival of N. armaceaodmtata d M .  m u t o  

55 LXlTLB GRIZZLY CREEK,CALIFORNIA- signUicnnt mortality to D. magna 

n WAUKBGAN HAREORILLINOIS- Nghly toxic (66.3f4.25% mortauty) to H.azfcrrr 

- leaat number of h t h t c  macroinvertebratetaxe (6.7f 2.5) 59.7f 28.7- hl@est number of benthlc rnBQOlnverkLmtctam (1511f 2)  34f5.9 

61 KISHWAUKBB RIVER, ILLlNOIS- least number of benthic mnoolnvertebrate tax6 (8.4 f05) 43.4f22.5- highest number of benthic macroinvertebratetaxn (163f 4.6) 292k 9.1 

50 W E B N A W  WATERWAY, MICHIGAN- eieninoantlv todc to D. manud- w? toxic to-D. m a p  
-

mean concentrationin highly toxic (northern)
8edLncnte(to D. ma@) 

-mean conwntratlon in leaat to& ( m u h )
aedlmenm (toD.m&m) 





clawlficalbn of sediments 25 
2M)
25 
100 

23 Rotterdam Harbor aediment quality classifications - Qaea 1(dlightIy contaminmted) 490 
Clasg 2 (maleately c0nWnsted) 1 W O- Uaea 3 (mntwptnated) 2!&550- Class 3 (heavlly contaminated) >5W 

-.-
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2 P11Env~taIScrviccs,  
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29. Yakael dl., 1986 
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SO. swart2st d.,1986 
54.Malw ef al.. 19W 
55. Malwg #I al., 1980b 

, 19UE 56. Anduson el al., 1988 
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62. Tsat ef al., 1979 
61. Van Dolah et al., 1980 
66.SalauaM1Salazar, 1985 
67.Mo;irea, 1979 
68.Bahnick cr d.,1981 
71. Simmers el of.. 1984 
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79.TiewmdLee,1984 
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Table 8. We& t r ~ e l w vPnd effects range-median vplueu POT duomIum md Zl 
eoncenfraltoru used to determine thew vnIues amanged in mcmdlng order. 

Concenkations (pymf End Point 

Mawchuaena Bay benthos COh 
Mnlty River, Texas bioaaaay COA 
R R J .-.- ----

81.0 Moaaachusetta Bay benthos COA 
81.4 Southern Califomla bloaaaay COA 
87.0 lttie Gduly Creek"California bioaasay COA 
87.3 Fraser Rlver, B.C.bivalves COh 
90.0 Fraser River, B.C.bioassay COA 

101.6 Keweenaw Waterway, Michtgan bloasaay COA 
108.8 Keweenaw Waterway, Michi n biaassa COA 
128X) Shebo gan River, Wisconsin loamy C A 
145.0 ER-hY r cr 
1458 Southern CaUbmia arthropod abundance COA 
156.6 Southern Californiabenthwe COA 
1603 Hudson-Rarltan Bey, New York eshtary toridty COA 
180.0 Torch hke, Michigan bioassay COA 
201.3 Southern California echhodenn abundanceCOA 

Pu@ e t d ,  Washington, AET - LK-nthlc 
%md, W&g!oc, AET - amphipod

Bbdr Rock Harbor, Connecticut, bioassay COA 



Paloa Verdea Shelf, Callfomia, benthosCOA 
Philllpa Qlaln of Laiiea, Willconein, biwasry COA 
Baltimore Harbor,Maryland, bloessay COA 

Copper 

Saltwater animab am acutely oenaltive to cvlp r in water at concentmtions ranging from 
mysids indicate 6e~itivlty P"n chmnic ltkiycle studies tit 77 ppm and 

wn8ittve at concentrations es low at 16.7 ppm (ETA, 1988. mapow
and Lewis (1979)p m p d  a marine water quality standard of 5 ppm. 

A co~lslderableamount ofdata exlat In whlch theconontration of cop in aedimentu can 
be aesodrted with measures of effects (Table 9). BP value8 are avnl f"able for acute and 
chmnlc marfne condltlons. Amptent effects threahokt vdues for Punet Sound and San 
Prancleco BB are Hated. 6 IL;d aedlment bloaeaays have been perforii\ed wlth sediment 
collected in Aget Sound amfOr&n. Matching sediment chem1sh-v and bloloalcal datg ate 
available for many areas and the&Ute of analy?.e of mwxurrenceceare Ueted &Table 9. 

Several fleld stwiles we noteworthy as regards copper concentratlone and measurea of 
efkcts in Bedimento. Malueg d d. (1984a) mamp!ed eltea along the north and south reaches of 
the Kewemaw Waterwa . -Copper concentradons were w 6  hl in the north reach- and 
much lower in the rndern . The minimal conmtratton a %ve vthlch toddy always 
occurred (e ulvalent to an was 480 pm. Kraft and S niewaki (1981) elm sampled 
bnthoa in t e north and wuth reaches o R P the Keweenaw d%nvay.  The average cop r 
concenbatio~t in the northern aam ling atations wea 589 ppm and was assodated w l z a  
ciepresaed average number of ben5,lc tam relative to the eouthern stations. RyP c1985)reported that above 200 p m copper, benthic community dlvemlty was tnvariably c p r e d

@rds. The Powest co coneentratlon in UtUe Grfzz1.y Qeek ecdlments above 
E$z%y wau always ob& Rhslueg el al. (198Qb) was 550 ppm. 

In one of only two Ti?' In whlch mul@of 5589 wlth copper were performed, Pheips et 
al. (198% reported that e burrowing time for the littleneck clam Protofhaca starninea was 
aignlficantly decreased at sediment concentratlona exceeding 178 ppm. Thue ap a d  to be 
a threshold between 14.7 and 17.8 ppm copper in thlsburrowing reaponsc. he &en@ uaed 
in the te6ts had a background concentratton of 12 m m  before s~iWnn waa o e r f o d .  
However, other f l e l d s o ~ ~ ~  nosediment8 with ambles ioncenlratloris of % ppm'cau&
increase in bwwwlng tlme and sediments s p h d  wlth 10,240 PDIII caper and CheOex 100 
chelatlng agent a h  &used no Increase in buirowl~~gtime. Thdore, li bppean that copper
concentratione ofabout 20 p may begin to induce sublethal behavioral effecte when the 
copper is not tightly chela& otherwlac bound to the eedimltu. The dab from toddy 
twls of four sample8 from Waukegan Waterway (Ingem11 and Nelson, in press) indlcnte that 
copper concentraUons in d m e n t s  and toxicity to HwIcIIa a z t a  were posltlvelv conelated. 
w h k a  was poor concordance betwm the tmldty data and the cdnnmtratioione of o& 
chemlcak. The minlmum co r concenbatlon amdated with a ai HcanUy tonlc sample 
was 19.5 ppm, slmllar to the 1T.8 ppm value determined in the aplk 2bloassays. 

The data from two etudiea (Maasachusett8 Bay benthos and Puget Sound spiked 
adlments)auggest that effecta may begin at concentrations as low aa 15 to 18 ppm, but ve 
little other date provide confirmatory evidence that effectu are commonly associated wlx 
concentratione this 'low (Table 8-5). The lower 10 ntlle of the data is equivalent to 

70 'k (68.2 munded to 70 ppd. This BR-L vaf-ue i a  supported by bioassay data from a 
abutMacorns urrowtng experiment with Dritish ColumMa sediments (67 ppm copper), 
signlflcantly toxic secllmenta fram the Trlni River (mean 68.4) and San Prandsco Ba 
Moesaay data beans of 682 and 76 ppm3. A n k - ~value (50 percentile) of about 390 ppm 2 





Hiolaglul Appmache6 

Appuent KfftW ThYe8hold 

1986 WGET S O W 0  ABT-R.nbronlua amphipod bloaeaay- oyster larvae (C. @gas) btoassay-benthto communitycomposttion- MIcrotoxN Moasssy 


1988 PUGET SOUND AET
- R. abmnlua a m g h t t  blmmy
- oysw larvae ( gas) bioaassy
-bcnthfc commdty anpoeitfon- Mlcmtoxm Moasery 


20 PSDDAGUIDELINESmascdupon Puget Sound ABT)
- nawnhg level concentration- mawlmum level nlterla 

CocOccurnncc Anulyser 

W COMMENCEMENTBAY,WASHINGTON- highly toxic (151t 3.9 dead/U)) to R. abmniua- moderately toxic (5.2 f1.1 dead/20) to R. abmnlua- least toxic (2.5 f 0.9 dead/20) W R. abmniw 

- highly toxic (44.5i 19% abnom)~l) to oyster larvae 918 f 2750- moderatf!ly toxic (23 f 2.3% abnormal) to oyster larvae - least toxic (15.1 f 3.1%abnormal) to opter larvae 


26 PUGBT SOUND,WASIQNGlDN

-highly toxic to R abmnlw (95%LPL) 1260f3251- moderately toxic to R. abroniua (~875%survival to >95% LPL) 138 k 124- least toxic to R. abronius (>87.5% survhnl) 

29 LAKB UNION,WASHINGTON
- 95%mortrllty to H nztcrn 


39 DUWAhrllSH RIVER, WASHINGTON
- 040%mrtsltly to P. pu& 

29 



Table 9. Coppor ~asntlnudl) 

Refcrencen Biologiul Appmaclaes 

Co-Ofewenee Andyne8 

67 !4TRAii OF GEORGIA, B.C., CANADA- al&nificant tnrreaac Inbumwing tlme 0)of M. brlUrica- dgnlflcent 24-h avoidam behavior among M. hlfhicn 

77 PRASER RIVER, B.C. CANADA- sediment devoid of feral M. hlthlen- sediment popukted by feral M. Ivrlthfca 


a SAN FRANCISCO BAY, CALIFORNIA 

- highly toxic (67f 11.8% mortality) to R,abmniua- moderately toxic (33.8 f 4.7% mortality) to R. abmniw- least toxic (18 f 6.6% moktality) to R. abroitiua 

- dgnlflcnntly toxic (42.9 f 192% mortality) to R. abmnius- not toaic (18.4f 68% mortality) to R.abroniw 

- highly toxic (92A f 4.5% abnormal) to Mvalve larvae 
-moderately toxic (59.4 f 113%abnormal) to bivalve larvae - least toxic (23.3 i 7.3% abnurmal) to blvalve larvae 

- 8IgniHcfmtly toxlc (55.7 .k 22.7% abnormal) to bivalve larvae - not tcrlc (31.9 f 15.5% abnormal) to bivalve larv6a 

55 UTIZE GRIZZLY CREEK,CALIFORNIA- significant mortality to D.magna and Hexagenia sp. 

56 SOUTHBRN CALIFORNIA- signlflcsntly toxic (51.65% mortality) to G. japonica- not toxic (23.2% mortality) to C. japonb 

83 - high echinoderm abturdance (1913 f 70.1/0.1 eq. m)
- moderate cchlnodenn a h d a n c e  (562f23/0.1 sq.m)
-low echinoderm abundance(6.1 f 7.210.1 q.rn) 

- hlgh spedes richnesa (96.3 f 223/0.1 sq. m.)- moderate specles richness ( 72 f 3.3/0.1 q.m.)- low spades richness (51.2 * 8.6/0.1 eq. m) 

- Mgh total abundance (88.9 f 35.4/0.1 eq. m.)- moderate total abundance (75.6 f 12.7/0.1 sq. m.)- low to@ abundance (57.6f 13.6/0.1sq. m.) 

49 PALOS VERDES, CALIFORNIA- slpiflcantly toxic to R. abroniw - not todc to R. abronius 

-major degradation to macrobenthos (202 sp/O.l a eq.) 


39 LOS ANGELES HARBOR, CALIFORNIA- >50% mortallty to P. pugia (20% elutriate bioassay) 

30 


67 

190 


135f 57 

28 f 16 


85 k63 

Mi40 

72f 41 


70f 47 

75fU 


88 f 33 

76 f 51 

35 f 17 


68 f 48 

47 f 26 


1374 f 809 


181 

62 


12f 6 

13f14 

97f I77 

16f 14 

15 f 18 

71 f 155 


31 f60 

15* 15 

73 f 166 


147f 232 

20k22 

21 f 39 


592i 126 

251 1227 

592 f 126 


147 




d8 SAN DIHGO BAY, CAUPORNIA- 3.97% rurvld of clam, P. stamlnat 995- 597%survival of myaid, M. donpta 312 
3.97% runrlval of pol chaete, N.arcnacmdentataJ 995- 3.9796 survival of u dab, C. sUgmwu8 and mpid, M.dong~itn 995 

66 282% survlval of C. stlgmaoro,A. scufpta, and A. toma 210- 286% eurvlval of N. armacemdcnhtaand M. muta 210 

'7.2 WAUKBGAN HARDOR, ILLINOIS- highly todc (663 f 4.25% mortality) to H. artaa 19.5 

DUPAGE RIVER, ILLINOIS- leuat number of benW maaoinvertebiate taxa 16.7 f 2.51site)- htglhest numbcr of benthlc mminvertebrete taxa (158 f 2/stte) 

KISHWAUKEE RIVER, ILLINOIS- leaat number of benthlc maaoinvertebrate lam (8.4 i 0.5/sile)- highest number ofbenthic mamlnvertebrste tara (163 f 4.6/slte) 

SHBBOYGAJ'J RIVBR, WISCONSIN- slgnificmt mortality to prawn, M, rosnbngii  

PHlLUPS CHAIN OF LAKES, WISCONSIN- significant mortaUity to D,magm (n = 1)- low mortality to D.m a p  (n= Sf 

KBWEENAW WATERWAY, MlCHlGAN- slgnlficantly toxic to D. magma- not toxic to D. magM- mean conmaation in NgMy toxic (northcm) sediments 
(toD.M ~ M )- mean concentration in least torlc (southern) sedlmenta (ta D,magma) 

- significantly d- htgh maaoben?0s taxamacrobenthosrichness 
taxa 

TORCH LAKE,MICHIGAN- dgnlficant mortality to D.m a p  and Hezagenia sp. 

MISSISSIPPI W H R- 80-100%survival (92f 6.3) af C seudolimnnnrs, 4-dbioaoasaey- 25%(n = 1)survival of myfl dwgenia sp.), 4-d bio-y- 80-100% aurvivd (90 * 75)ormalay (Hemgeniasp), 4d bioassay- 55% f 10%eurvlvslof mid a (C. fenkm), 4-d bioaseay- 90%f 5.8% e ~ v a lof mifgee (C. tmlans), 4 4  bioaeeay 

MASSACHUSETTS BAY, \W3SACHUSERS 
-high benthos s es richness (93.6 * 9.4)

tlr'- modante ben sa@ea ~lchneas(58.2 f 10.5)- low benthoe sped88richneas (31f65) 



Table 9. Copper bntlnucd) 

Referancen Blologlcrl Ap@m.chcr Coneentrbtlmw @pm) 

126-Occurrcncc Analpen 

T9 HUDSON-RARITAN BAY, NEW YORK - negatlve rate of growth in C. g m ~ n l c a  453 i 311- posltive rate of growth in C, gm~nlca 251 f 232 

n BLACK ROCK HARBOR CONNBCNCUT- 100%moMIity to N. drm 

39 WrnPORD, CONNBCIICUT- 10%mortality to P.pu& 

39 NORWALK, CONNECTICUT- 0%mortauty to P. pu& 

39 NBWPORT, RHODE ISLAND 
- 0%mortalily to P.puglo 

62 BALTIMORE HARBOR. MARYLAND- moat to& to mummichop (TLm 5.1 f 35) and 
spot CIZm5.9 * 3.4) 1071 f 948- least toxic to mummichop Cn.m 432 f 31.1) and spot 
(TLm 24 3 5.6) 158 f. 29 

64 GEORGETOWN OCEAN DREDGED MTEFUAL DISPOSAL 

somCAROLINA 


-noeffects upon benthos species rlchnemor abundance 


n mWER, TEXAS- significant mortaliky to D.magm- low mortality to D. mapa 

41 NORWEGIAN FJORDS,NORWAY- 50%reduction from d m u m  in Hurlbat's benthic epedea 
diversity index 200 

Kquili~riumPnWtlonlng 

17 EPA acute marine EP t''?eahold (a%WC) 216 

4 EPA chronic marine BP threshold (@4%m) 136 

Spiked-Sediment Bioassay6 

22% 
937 

SOAP CWEK POND,OREGON- LC50 of mid C. htnm in 104  bbassay 857- LC50 of clackran, D.m a p  in 48-h bioassay 681- LC50 of amphlpod, G. b M s  in 1O-d Moessay- LC50 of amphipod, H.(uWin 10d bioamy 1078 

32 PUEBT SOUND, WASHINGTON- ET50 for bum,wlng timc of clam, P. s l d m  iS.6 

32 

5'64 


mailto:Ap@m.chcr


Table 9. Copper icodaued) 

Dedcpaand Appmrhw Cmtcntraf30m (plpm) 

43 New Englsnd interimhigh contamination level for d d p  material 24(D 

20 EFA/ACOB Pug& Sound h&m Criteria (central bash buckgmund) 68 

23 RoRotterdarn Hartror lledlment quality classifications - Clam 1 (allghtly eontami~ted)- Q 8 8  2 (moderately conWnated) - Clew 3 (conWnated)- Claw 4. (heavily conteminated) 

Referencee: 

1. Beller n d.,1986 
2. PITEnvimnmmtal !&vim, 
4. Bolton er al.,1985 
12. PsvlouandWesun. 1983 
17. Lyman cr al.. 1987 
2Q.U.S. ACOE. 1988 
23. Jans~n,1987 
26. &Wilt cr d..1988 
29. YaLs cc d.,1986 
32.Phelps e1 al., 1983 
39. LeenndMarlani,1971 
41. Rygg rr a!.. 1985 
43. NERBC. 1980 

48. S a h m  er d..1 9 0  
1988 	 49. Swprtz d d..1985 

SO. SwaradrJ, 1986 
53. CPims et d.,1984 
54. Malugct d..1984a 
55. Makus ct 01.. 1984b 
56. 01.. 1988 
60. IUinoisBPA, 198b 
61. Illhis BPA, 1988b 
62. W u ud. 1979 
64. Van DollJt ct d.,1984 
66. SalazaraodSE&JU, 1985 
67. McDrcG, 1979 

68.BahnicLct d..1981 
89. Marlring rtal.. 1981 
71 Simm rr d..1984 
72. In~erxUOtlNehn, in pm~ 
74. Tatem, 1986 
75. Q& ud.,1980 
n.M C G ~ ,1982 
78. lWtandSypnLw& 1981 
79. TieW snd Lee. 1984 
80. TcZrsTech.1985 
102. Qilberlet d.,1976 
83. Wad Mcrmrql979
* -Vario~,pkam seaWxt 
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# Table .la atharraagclorr 4 a- 7madM V&CO far co per and S l! c o n w n W 0 ~wed to detcnnLne W e  v rrcm manged hd l y  order. 

$ 

Maa~~~chusetts
Bay h t h w  COA 
Sublethal SSB with Macorna 
Wuuhegan Walenvay, nllnois bionsea COA 
WWIIUL~C ~iver,n w i s  benthos C&A 
M.klthlmburm BI50COA 
Smn Rrndaco Bay,""kllomia Maassay COA 
TrMty River, Texas bioassay COA 
En-L 
Sun Francisco Bay, Callfomia bioassay W A  
San Pranclsrr, Bay, Callfomla Moaseay COA 
S m  Frandsco Bay, California Moassa CQA
Southern Califomla echinoderms c0dr 
Commencement Bay, Washington b i ~ y  COA 
San Frandsco Bay, Califomla ABT 
Co-t Bay, Washtngton biasmy COA 
Fmm River, B.C. benthos - M. kltMca COA 
EP chronic marine threshold 
Pug&Sound,Washington bioassay COA 
Sheboygan* River, W i s c o ~ hbioasesy COA 

lea Harbor, California bioaasny COA 
Praeer ver, B.C Moaasay COA 
Lake Union, Wash on bioassay COA 
Sari ~rsnci~coBay,%Iifornia mT 
Southem CaUfomia bioassay COA 
Norway benthosCOA 
BP acute marine threshold 
P u p  Sound,Wadhgton AET -benthic 
BR-M 
PugetSound, Washington ART - oyster
Pugd Sound, Washington AET - Miaotoxn 
Wxdson-Raritan Bay, New york bioaasay COA 
Pu Sound, Washington AET - benthie&lips Chain of Lakes, Wisconsin bioassay COA 
W e e ~ t wWaterway, Michigan benthos COA 
Palos Verdes Shelf, Callfomia, bioassay COA 
Palos Verdes Shelf, Celifomia benthos COA 
Black Rock Harbor, Connecticut Honesay COA 
Keweenaw Watenvay, Michigan bioassay COA 
SSB with Daphnia
Keweenaw Waterway, Michi an bioaasay COA 
Pu et Soundwashington AEf -amphipod
SStf with midge 
Co~nencemmtBay, Weshlngbon bioas~~y COA 
SSB with Daphnfn
SSB with amphipod 
Baltimore Harbor, Maryland bioassay CQA 
SSB with am hipod 
Pug& sound,~ashlngtonbiouasay COA 
PugetSound,Washington AET - amphipod
tittle Grluly Creek, California Moaseey COA 
Torch We,Michigan bioaasay COA 
SSB with midge 
Commencement Bay, Washington bioassay COA 



6 

! Along with other sdvena ef-, lead can m o q  tha function and sbuchve of kidney, 
bone, the central nervw tem, and the hepatopoietlc syatem (Eisler, 1988b). Advenw": csffects u p n  daphnld &&on has been o b e d  at co-tratione in water aa low as 1 
ppm, organolead compounds are generally more todc than inorganic forma, ldverae effects 
usuallym r  at cumrentratf~~ fnnn 13 to7.7 ppm in water; and mnrfneanfrrmlsmay

-3m freshwater a w e s  (Risler, 1988b). Tlw eedbe more mlmtant to efkcts of lead ro 
mnrfne water quality standard for CalltomIa was 8 ppm in water (IQapow and &,&). 

A rehtfvel hrge amount of data &sta for lead and measurea of effects in sediments 
(Table 11). dl' and EP values ore available. Matchlne biolonical and chemical data from " 
man s i&a  rfonned in areassuch asPuget Sound, conned-t Bay, San FPondsco Day, 
mu- - &rn ~ a l i r k i n .Hudson-RPritan eshrarv. end Trtnitv River are avalfable. However. no .. 
aingl~hemlcel,&B data are available. 

No dgnlficanf toxfdty was obaervd in &bents from the DuwamIsh River, Stamford, 
Nowalk, and Newport at lead concentrations up to 277 m. San Prandsco Bay sediments 
that were s1dHcanUv toxtc to amvhi~wds had verv It 3e difference in lead concentratione 
compared to-those h W twere not to&. 'Total benthoeabundance and somecategorfes of other 
measures of benthlc communities off eouthern California were not in concordance with lead 
concenhetions. The minimum lead concentration asvociated with toxidty of Waukegan
Harbor sediments was below the detection limits of 32 ppm Lead concenbntions did not 
differ d b l y  among stations sampled in the Cubatao River, Brad. The LIttle Grizzly
Creek syetem toxklty tests suggested little concordance between toxicity and lead 
concentrations. These data were not conaidered furthe+ in the estimntion of ER-L and ER-M 
values (Table Bb). 

The minimum concentration above which effects were observed was about 27 ppm: 
st iHcant toxidty to Daphnia magnu was reported at this concentration (Table 12).
&waukee RIver macroinvertebrate taxa richness was lower in sediments with a mean lead 
concentration of 31 p m.c~mparedto a mean of 21 ppm h tw-rich sediments. The data 
su geat an ER-Lof alout 35 ppm, equivalent to the lower 10 percentile of the data. W s  
v8ue is supported b increased burrowing time of h4mma balfhicn (32 ppm), depressed
benthos diversity in konveglan rds (35 ppm), Los Angeles Harbor bioassay data (41.3 
pprn), and d e p d  benthos richness in Ma9s~chu~etts The 50Bay (mean 42 ppml.

wentile value in thedata su ts an ER-Mof about 110 ppm; supported b To& Lake and 
E",mmcncement Ba bioassayrta (110 m, mean 113 p respectivelgr), &n Francieco Ba 
AET for nn&bi~rg oPthe concentration u-ted witK(120 pprn~ob~ewations 
significant b ects in San randsco Ba (130 ppm), and the BP chronic marine thshold of 
132 ppm. Effects were usually o b n e A a t  concentrattons of 110 ppm or greater nnd always 
observed at concenhetio~ of 300 ppm or grpater CPable Mf. 

The degree of confidence in the ER-L and ER-M values for lend should be considered as 
moderate and h$ h, mpectively. A relatively large amount of data exist to relatc sediment 
concentrations w 'ith mwsurea of effects, and both values are supported by ma11 clusters of 
data. However, the c h d c a l  data are not s iated to Indicate the roportion that is in 
organic and inorganic forms, thwe are no FSB data, the available 8ata indicate a fairly 
wide ran e in concentrattons assodated with effects, and the overall apparent effects 
threshold fie8 outside the RR-L/BR-M range. 



1 19B6PUGET'SOUNDAET-R. abmnlua am hipod Moawy
- oyster krvm (E. gigas) WonMay
-bmthlc communitycompsltion- M i m t o x ~trtoasaay 

2 lWPUCEI'SOUNDAX3-R,pbnniua amthy bioaassy
- oyew larvae ( gasi b l o w y 
-benthlccommunitycumpoallion- Mluotoxt" b l o w y  

20 PSDDA GUID- ibaeedupon Puget Sound Affl?- ecreenlng level concentration - mwtmum level criteria 

* SAN PRANQSCO BAY, CALIFORNIA AET - bivalve larvae bioassa -R abwnlua amphipd 6o w y  

Co-O-ncc Anflysf8 

80 COMMBNCEMENT BAY, WASHINGTON- highly toxic (15.7 f 3.9 dead/20) to R anbmniue 1613 f2628 - moderately toxic (5.2 f 1.1 dead/20) to R abmnfus mi192- least toxic (2.5 f 0.9 ddssI20) to R abroniw 78i75 

- highly toxic (443 f 19%dm&) to oyster 570f ld8Y 
- moderately toxic (23f 23% abnormal) to oyster larvrac 113f 123- least toxic (15.1 f 3.1%abncrn\~l)to oyetw larvae lKif173 

16 PUGBTSOUND, WASHINGTON- highly toxic to R.abronius (95%LPL) 750 f 1763- mod. toxic to R alnoniua (475% survival to >95%LPL) 137 f140 - least toxic to R. ahnfus (>875% survival) 47f31 

29 LAKE UNION, WASHINGTON- 95%mortality to H,rrzteca ?OO 

39 DUWAMISH RIVBR, WMWINGTON - 0-1096 n?ortallty to P. p g i o  27.1 

67 SlXAlT OF GEORGIA, B.C.,CANADA - aignifieant inmane in burrowing time (E150)of M.Wfhk 32- sigdficant 24-havoidanre behavior among M. balthia 74 

77 FRASBR RIVER, B.C., CANADA- s e d k n t  dcvold of feral M. bollhicrt- sediment populated by feral M,balthlur 
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.-Apprprsro -(?F@ 

-AIUI)M 

SAN FIUNCM13BAY, CMBOlWA 
- ~ t r a i c t W i D l . 8 % ~ @ ) t 0 R W
- ~ m r k ( 3 ? 1 6 f 4 R m o s ( r l i t p ) t o R ~  
-~tmic(18f:661diy)bR* 

-3ib"tfrurtigPmdc(U9i19Xmmfity)bRabmrma
-rrrr(tmic(I&(f &81Lmahfitiy)bDRrbmprha 

- N g h f y t m i c ( P U t 4 J % ~ b D M s i l ~ ~  
-malertdyDoxL:(PBl*llSIblbromvUtObirralvekrne
-hRnamici233f 73Xabruamal )mWvelwre  

-dgnl f i cmnttytcodc15SJ*?z7%rtmd)b~~krrne- not Dmk 01.9 t 155% lbmmuU to bivalve L1PR(! 

7 - ~ q d i I y ~ ~ o r m b r o e f k c f P  
- d m e n t @ t y t r L d d ~ -

55 L I I T L E G R l Z a Y C R m C C ' ~  
- s i g n & a n t ~ t y t o Dr i w p o l d H  lm&fl 

56 i 6 C A m R N I A- Wrlc (51&5% mostrhty) to C p x r c n  
- m t t o & d c ~ % ~ t y ) m t  

a3 - lugh echhroderm ibmdure (1913 i l a l / a l  s4.m)- modenregNnodam lbundance 662 2?3/0.1 sq.m)- bw edunodam aburdaKc (61 r 72/0.1 sq. m )  

- lugh uthropri abrmdPnoe (148 r 58/0.1 q.m) 
lbmduve CR t 33/0.1 y.d 

-mrdwce%(333-1owuthmpoda z 158/0.l rq a) 

- Mgh +Muss (963ia 3 / 0 . 1  q.m)
- ~ t e s p e d e r n c h n e r s ( 7 2 ~ 3 3 / ~ l q . m )-bw species nctmers ( 512 i 86/0.1 sq. m) 

- high W lburdanoe (88.9 = 35 4/0.1 q.m)- moderabe &&Ilbrmdance (75.6 i 12.7IQ1 sq.a)- low total i+t-i-~ (57.6 i136 /a1  PQ. 

49 P A L O S V E R D E s , ~ ' " I U- b j r r  degndntton' to U02 ~p l0 . laq.) 

39 U35ANG!ZLESHARBOR,CALIJ'OIWLA- 559% wdty to P.p u p  (20% ehmate In-y) 

72 WAUKEGAPI IWlBOR ILLP40B- hi@y toxic (563 r 425% mortrbty) to H. a m  

60 DUPACE RIVER. ILLINOIS- lePrr nnmba of W c nrmornreneOraktara (67  f W/sitp)- high& number of tenth^ rruaanb-h lua (158 42/site) 
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61 KISHWAWH RIVER, ILLINOIS- leaat number of benthic ma~~invertebrate 31f 26taw (8.4 f OS/stte!- hi@t number of benW maminvertebmte taw (163f 46/dbe) 21 f 11 
"I ,  74 SHBBOYGAN RI\IZR, WISCONSIN - ~ignlfic~nt 253 *47mortality to pwn,  M.rombngii 

95 PHILLlPS CHAIN OF LAKBS,~ N s m- eignlficant mortaliity to D.mgna (n= 1) 160- low moarllty to D.m a p  (n = 5) 19f 34 

54 KBWBENAW WATERWAY, MICHIGAN- slgniflcantly toxic to D. m a p  

-not IOxlctoD. m g ~ 
- mean concentratton in highly toxk (~rthem)sedLmmta (to D. magna) 27- mean concentration in Iesst toxic (muthern)sedlmenb (to D. mgnn) 10 

55 TORCH LAKE, MICHIGAN - 8ignlHcalit mortality to D. magM and H. limbrrta 110 

82 MASSACHU"JB'l?'S BAY, MASSACHUSETTS - high benthos s esrlchnees(93.6f 9A/0.1 .a) 13f 4- moderate benea crpedeerio'ureas(58.2f 103~0.1q.m) 42f 26- low benthos epedee ricluwa(31 f 65/0.1 q.a) 47f 17 

79 HUDSON-RARlTAN BAY, NEW YORK - negative rate of growth in C. getmniar 321 f 19.5- poative rate of growth in C. gmnanicn 145 f 132 

n BUCK ROCK HARBOR, C O M N E ~ C U T- 100%mortality to N. a'rm W 

39 STAMFDRD, coraamewr- 10%mortality to P. pugfo 123 

39 NORWALK, CONNECTICUT - 0%m~MUtyto P. puglo 2?7 

39 NEWPORT, RHODR ISLAND- 0%mortaiity to P. pugio d 

64 GEORGETOWN OCEAN DREDGED MATERIAL DISPOSAL 
sm,SomCAROLINA - no effects upon&nth08 6pedearichness or abundance e0.5 

75 m n RIVER, TBXAS- siflcant mortality to D. m a w  54f 27 - low mortality to D. mgm 35 f 22 



CoKWxrmnce Mymu 

40 ClBATAO RNmL BLmL 
24-h HC?IO with D.shnllb 

41 NORWEGIAN FJORDS, NORWAY - 50% reductionfrommadmum in H u r M s  benthicspdm

dive~ityMex 


Equilibrium Pulitlodng 

17 BPA acute marine BP Uuehld (a%MC) 
4 BPA chronic marine EP Uwahold (a%TOC) 

Backgronad Appmreh Concentratlanr (ppm) 

68 Great L a b  Harbom- da~eificationof non lluted eedlmentu - &mifimtion of m o Z v " u ~  ~ i m e n t s- ClaenlficaHon of heavily po uted sedlmenfs 

43 New England interbn Ngh contamhation level for dredge materlal >2aD 

20 BPA/ACOE Puget Sound interim criteria 

ccenkmlbasin backmum0 


7.3 Rotterdam Harbor sediment quality c ln~lf&atio~- Claw 1 (slightly contaminated)- Onas 2 (moderately contanhtedl) - Class 3 (contaminated)- Claw 4. (heavily contaminated) 

References 

I. B o b  el d.,1986 41. Rygg. 1985 68. Bahniok d d..1981 
2. PTIBnvimnmcnlal Sc*viccs, 1988 43. NBRBC. 1980 71. S i m  et d.,1984 
4. Bolm el d.,1985 49. Swam el al., 1985 72. lugmoll andNelson, in p e s  
7. Chopman el d.,1987 50. Swamu al., 1986 74. Tatan, 1986 
12. Pavlouand Weston, 1983 54. W c u g  ad.1 9 t h  75. Qasii et d.1980 
17. Lyman nd.,1987 55. M h g el d.. 1984b 77. Mc01Ea. 1982 
20.U.S.ACOB, 1988 56. A n d m  el al.. 1988 79. 'IIyjcnand Lac. 1984 
23. Jaman,1987 60. Ilhoh EPA,1988s 80. TemTacb, 1985 
26. DeWitt el al., 1988 61. Illinois P A ,  1988b 82. G U M  et af., 1976 
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q!;*IIka~rt~~,X986 62. Tulst d.,19'19 83. W o r d m d ~ ,1979 
3 9 , : G d W  19n 64. van DOMIet d.,1984 * -V&OW, p b teat,
t b ,  !&&&;ad.,1987 67. Mckm, 1979 

Table 12 Effect, range-low and cffccta range-medl*n value8 for leu! and 47 
concentzatto~wed to delmnlae them valuer arranged In iucendiy order. 

Concen(rPHm(ppm) 

26.6 
29.0 
30.6 
32.0 
35.0 
35.0 
41.3 
42.1 
424 
46.7 
47.8 

550.0 
51.0 
53.7 
58.9 


>60.0 

63.4 
644 

73.1 
74.0 
81.7 
89.6 
95.7 

1045 
110.0 
110.0 
113.1 
120.0 


2130.0 

132.0 
1366 
140.0 
143.7 
160.0 
1708 
253.0 
300.0 
300'0 
3123 
3206 
450.0 
512.0 

-

EndPolnt 

Keweenaw Waterway, Michigan bioassay COA 
Keweenaw Watenva Michigan bioaseay COA 
Kiehwaukee River n ~ n o l a  b e n t h  COA 
M. kr1fMda bumwing 8150COA 
Norway benthos COA 
IBR-L 
Los w e 8  Harbor,Califom& bioassay COA 
San Frandsco Bay, Califomla bioassey COA 
Maasachuaetts Bey, Mea .ga&w benthos COA 
Massachusetts Bay, M- benthoe COA 
S o u t h  Califomla arthropod8 COA 
Sari Frandsco, Womlp,  bind mlnlmum effecb COA 

San Prandsco Bay, California Moassa COA 
Southern California echi~denn8C O l  
Southern California bloaasay COA 
M balthica bioassay avoidance COA 
Praser River B.C., Canada benthos COA 
Black Rock Harbor, Connecticut bioassay COA 
Sen Francisco Bay, California bioassay COA 
San Frandsco Bey, CBUfomla bioassay COA 
EB-M 
Torch Lake, Michigan bloaeeay COA 
CommencanentBay,Wpahlngton Mosaaay COA 
San Frandsco Bay, Callfornla ABT 
San Francisco Bay, California triad significant effede COA 
13P chmdc marine @4%TOC 

Pbset Sound,Washington bioassay COA 

Sen Frandsco b y ,  California ABT 

DuPage River, IlUnols benthos COA 

Phtllips Chain of Lakes, Wlsconnin b imw COA 

CommencementBB ,Washi on bloasaay zOA 
Sheboygan River, &lsmnsin"%'loaway COA 
Pu t Sound,Waehlngton ABT -benhlc3union, w a s ~  on bioaesey m.4 

Falw \'erdes Shela nlifornia benthos COA 

Hudaon-Railtan Bay, New York bloaamy COA 

Pu t Sound, Washington AET -benthic
~agmore brbor. Marvland bioaseav COA 

Puget Sound,~ a & h  6n AET - ~ i & t o x ~  

Commencmmt 0ay.%aahinqon bioassay COA 

Puget Sound, Washgton AB - amphipod 




Table ll. ~MI\%us~U 

Chcenbatlonu (ppm) Bnd Point 

Mercury 

A moderate amount of scdlment data exist fur mercury (Table 13). AET values for Pu t 
Sound and San Prandw Be are available. Matchlng chemlshy and biological data R r  
PO et ~Ound,su i hnc i ro  &y, D U P ~  of~lvcr,PMU 6 ~ h * l  mtimore H r t n ,  
a n t  Mni River are Hated in Table 1 along with t ose from other areas. BP threshold K 
values an 2'data from two SSB experiments are avalhble. 

No toxicity was obeerved in bioassaya of sediments hom the DuwnmleR River, Stamford, 
Norwalk, and New rt with mercury concentrations up to 0.3 ppm Very small gradient@ in 
mercury concentrad"ons were o k w e d  in daw from Sen Francisco Day, southern Callfornta, 
Kiahwaukee Ever, Kcweenaw Waterway, Massachusetts Bay, and Trinity River. These 
data w m not considered in the estimation of BR-L and ER-M values (Table En. 

The remaining data 811 t an BR-L value of abut  0.15 p (0.17 rounded to 0.15 p m),
equivalent to the lower l e r c e n t t l e  of the data (Table 14P"~hls value is sup te$ by
bloassa data from Los AngeIes Hnrbat (0.15 pm). lake Union (0.17 ppm), on&acorna 
burroAng bloassays of Pram Rlver nedimente P0.18 ppm). Chmnlc effects are predicted by
BP prlndples to occurat 0832 ppm. 
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References 	 Blolqlepl Appm&ee Contsntrrtto~(ppra) 

1 	 1986 PUGEI' SOUNDART-R, abroniua amphipod tdoawy
- oyster larvae (C. gip) bioaway

-bent& m m m W~mposltlon
- M i m t o x ~b i o n ~ ~ ~ ~ y  

2 	 1988PUGEI' SOUND ART-R abmdua am hlpd Mowmy- oyster larvae (E g r p )  biornasay-benthk c~mmunltyampa ih- M l m t o x ~bioassay 

20 	 SDDA GUXDBLWBS (besedupon Puget SMlnd A m- weening level concmbation 	 0.2- mnxImunt level &tea% 	 2.0 

I) 	 SAN PaANUSCO BAY, CALIFQRNIA ART- bivalve Inme  bloasan - R, abroniua amphlpod &oassay 

80 	 COMMBNCEMHNT BAY, WASHlNGlDN - highly toxic (15.7 f 3.9 dead/20) to R. abmnius- miid&ately toxic (5.2 f 1.1 ded/u)) to R. a b m d w- least todc (25 f 0.9 deed/u)) to R. abtrnlua 

- Nghly toxk (44.5 f 19%abnormal) to oyster Inme 3.5 f 125- moderately to& (23 i23%abnormal)to oyster larvae 0.2 f0.1- least toxtc (15.1 f 3.1% abnormal) to oyster larvae 	 0.2 f0.1 

26 	 PUGET SOUND,WASHINGTCJN- highly toxic to R. abmnius (9596LPL) 	 5 f 14.8- mod. toxic to R. ahniua  (47.5% aurvival to >95% LPL) 1.4 f 4.6- least toxlc to R.abroniw (>87.5% survival) 	 0.5 f05 

29 	 LAKE UNION, WASHINGTON- 95% mortnlity to H. aztcrp 

39 	 DUWAMISH RIVBR, WASHINGTON- 0.10% mortality to P. pglo 

67 	 STRAlT OP GBORGIA, B.C..CANADA
- oignIflcant inmase in burowing time (BI50) of M. ballhifa 0.2
- aI@cnnt 24-h avoidance behavior among M. brtlthien 0.5 

77 	 PRASER RIVER, B.C.,CANADA- aedtment devoid of feral M,balthiclr- eediment populated by feral M, balfhia 



Table U. M m a q  fcontlnuad) 

Biobglcd Apptoacher Canccntrntionr (ppm) 

Cdleeumncc Anrlylcr 
$AN PRANCISCO BAY, CALntORNIA- high& tmic (67 i 11.8%moxtnlity) to R nbwniua- moder&telytoxlc (33.8 f 4.7% mortality) to R. nbmnlw- Least tmic (18 f 6.6% mortality) to R. nbmnius 

- dgnlficantly toxic (42.9 f 192% mort.lity) to R, abmniw- not todc (18.4 * 68%mortality) to R. abmtdw 

- hlghly toxic (92.4 f 4.5% abnormal) to bivalve larvae- moderately toxic (59.4 i 11.3% nbnonnal) to bivalve larvae- leurt W c  03.3 f 7.3%abmnrul) toMvalve larvae 

- significantly toxic (55.7 f 22.7% abnoml) to bivalve larvae - not toxic (31.9 f 155%a b n o d )  to bivalve larvae 

55 LTITLBGRIZZLY CREEK, CALIPORNIA- significnnt mortality to D. mgnnand Hcxngmia sp. 

56 SOuTHBRNCALmRNIA- stgniflcantly toxic (51.65% mrrtality) to G. lpponim- not toxic (23.2% mortality) to G. jrrponicn 03  f0.02 

39 LOS ANGELS XiARB3R, CALIFORNIA- >50%moIZallty to P. pugio (20% elutrlate bioassay) 

48 SAN DlECO BAY, CAUPORNIA- >97% survtval of clam, P. stminro.- >97% nurvtval of myeid, M. elongab- ~ 3 7 %R U N ~ V ~ ~of C. an-, RVJM.elongutn 

66 - 282% rnwlval of C. etignucrus, A. sculptn,, end A. t o m  

72 WAUKBGAN HARBOR,ILLINOIS- highly toxlc (66.3f 4.25% mortality) to H.azteca 

60 DUPAGE RIVER,ILUNOIS- leaet number of benthic macrolnvertebrate taxa (6.7 f 2.5/site)- highest number of benthtc mscroinvertebmte taxa (15.8 * 'llslte) 

61 KISHWAUKEE W B R ,  ILLINOIS 
least number of benthic macroinvertebrate taxa (Edf 0.5/aite)- highest number of bentllic macroinvertebratetam (16.3 f 4.6/81te) 0.1 * 0.1 

74 SHEBOYGAN RIVER,WISCONSIN- significant mortality to prawn, M. ms&& 

55 PHILLIPSC W OF LAKE, WISCONSIN- slgnlficant mortallily to D. nlagM (n= 1)- low mortality to D. mag^ (n= 5) 



54 IEHWBBNAW WATBRWAY, MICHIGAN 
- ~ U y t o x i e b D . m q s ~  0 2  f 0.1 
-nottodctsD. mum h3 4 . ~ 1"...."..- -iiG&n&it%iizn-~n highly toxic (no- eedlmenb (to D.ma 0 2- mnnwwentratlon in leaat toxic (southan) sodlrnenb (to D, MW'T"' 011 

55 mxm LAKE, MICHIGAN- dgniflcant mortality to D.magna and HBLagenta sp. 0.3 

69 MI9SISIPP1 RIVER- 8&100%m~viv81(921:6.3) of of. ponufolimmumcs, 4 d  bioasosly 0.06- 25%(n-1) a d v a l  of nu fly Waur mk spS 4-d bioam <O.Ol- %look rurvlval(90 k 7.4 of nu& ~erugcnbup), 4-d h o ~ ~ s a e ~  0.01 f 0.01- !!5%iIO% aurvlvsl of mt (C. tmnrbpm), 4 4b h y  0.01 f0- 9WbSB%survlvrl of mlTgee (C. tcnlans),4 4blowsy OM f 0.01 

82 MMSAi'HUSETTS BAY, MASSACHUSETIS- high benthos speclea rlchnesd93.6 f 9A)- moderate benthoe species rlchnesa (58.2 f 105)- low benthos s@es dchwee (31.1 6.5) 

79 HUDSON-RARIT'AN BAY, NBW YORK- negative rate of growth in C. gennania- pooitlve rate of growth in C.g m ~ n i m  

44 NEW YORK HARBOR, NBW YORK- 4 0 %mortality to N.drm,M.mncmrh a d  P. pugia; 

100-dexposurea 


39 STAMFORD, CONNECTICUT- 10%mortality to P.pugio 

62 BALTIMORE HARBOR, MARYLAND -mMlt W e  to mummichop (TLm5.1 f35) and t (TLm 5.9 f3A)- ~ewttodc to mummictugs (TLrn43.2* 31.1) Z s p o t  ( T L ~  56 )2~ 

64 GEORGETOWN OCBAN DREDGEDMATBRW, DISFQSAL SITE,
SOUTrI CAROLINA 

-no effccb upon benthoe epedea richrea!ror abundance 0.6 

75 TRINllY RIVER, TEXAS- significant mortality to D. m a w- low P.u)W~~to D,mPgM 

40 CUBATAO RIVER, B R A a- Wh BC50 with D.simllb 
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r F l b U C 9 3 ,  M m lronclnoc;d) 

Blo10@wl A p p r a h  Concantrntlons (ppm) 

B q u l l l b ~PutltloaLy 

BPA acute marirr EP thwhoid (@4% TOO 

BPA chmhlc mPrine EP Uveshold (@4%MC) 

E p l k a d . S e d ~ tBlowayr 

LC50 of R. abmnlw in 1 MMoclllssy 

a a c k p d  Appmack Concenhatlons @pm) 

68 Grep"nk.?EHarbors- claadhtlonof mn-poltuted sediments- Judfication of henvlly polluted dianents 

43 New BngW In* high contamlmtlon level for dredge material ~1.5 

20 BPA/ACOB Puget Scund Interim Blteria (cenkal bash tmkpund) 0.15 

Rotterdun Harbor eediment quality dasslfieatlons - ClsM 1 (allghtly contaminated) - CIPM 2 (moderately rontaminated)-a- 3 (cantaminnted)- Claw 4 (heavlly ronteminsted) 

1. Wlm #t d.,19U6 
2. PTIEII-J~I~ Savices, 1% 
4. Bolton ar d.,1985 
12. P a v h  and Weam, 1983 
17. Lymnrj et d.. 1981 
18. S w w  et 01.. 1988 
20. US.ACOB, 1988 

40. et 01.. 1987 

43. NBRBC,1980 

44. RuMRBtcia et d.,1983 
48. S k ad..1980 
54. Malcug cr d..1984s 
55. hrWwg et d.. 19841, 
56. Aod&Lsorr et al., 1988 
60.IWmbBeA,19& 

61.WiBPI& 1988b 
62. Tad c6d, 1999 
63. bfi&mfan ct al., 1976 
64. Von Dokb er d.,1984 
6fi. S a h u  and Sdazar, 1905 
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67. ltkGmr, 1979 
68. B h & k  at al.. 1981 
69. Mnrlrins el d.,1981 
72. Inscrsolla n d N h ,  in-
74. Titan. 1986 
75. Qmim et al.. 1980 
77. Md3mr. I982 
79. TlyicaanlLce,lW 

80, 1985 
82. Oil& et al., 1976
* -Vwkm,plwe aoe text 



Concuttr&tbna(ppm) Bnd POW 

LosAngel- Harbor, Callfmnk Moassey COA 
LakeUdon, W-n bloassn COB 
M. ktlm ~ o s s s r y&A 
Torch Lalre, M Mo~~aayCOA 

Pupt Sound,W n bioaa~a AET - M i m t o x ~  w R I ~ ,B= M JL~bio8mYCOA 
M, baltidur avoidance bioassay COA 
Puget Sound,Wmhingtcn AET -oyster
BP aute  marine (W%TOC: 
Puget Sound, Watlhington AET -benthic 
Sen Randscc Bay, CaWmia bionssey COA 
Cubatao Rlver, Brazil bioassay COA 
San Frandw Bay, W o r n l a  bioaanay COA 

A moderate amount of data are available for eediments to estlmate effects thresholds 
(Table 13, however all of the data are from matching biological and chemical analyses 
performed with Held samplee. ABT value8 for Puget Sound are available and were 
calculated for San Prancieco b y  and matching biological and chemical data am available 
from Sen Pranclsco Bay, Commencement Bay, the Keweenaw Rlver, southern California, 
Massachusetts Bay, Baltimore Harbor, and other areas. 



(Table EM). 

Thedegree of confidence in the BR-Land BR-M values for niekel should be consideired as 

-Table 15. Swnmrry of sedlment effects dab  avdable for nickeL 


References Biological Approaehea - Concentrations (ppm) 


Apprnnt Bffecls Theeshold 

1 1986 PUGPT SOUNDART- R.abmnius amphipod biooesay 
- oyster larvae (C.d-plls)bioassay

-benthiccummunitycoxqpodiion

- h4icrotoxTM bioasaay 

2 1988 PUGET SOUNDAET 
- R. abroniue amphipod Moassay 
-benthiccommunitycornpodtion 

20 PSDDA GUIDELINES (based upon Pugct Sound AED- srreening level cuncentration - maximum level criteria . SAN FRANCISCO BAY, CALIPORNIA AET- bivalve larvae bioasea 
- R.abronius amphlpod gionmy 

CwOccurrence Analyses 

80 COMMENCEMHNT BAY, WASHINGTON- highly toxic (15.7 f3.9 dead/20) to R. abmnius- moderately toxic (52 f 1.1 dead/20) to R abroniua 
- least toxlc ((2.5 f0.9 dead120) to R. abronius 

- highly toxic (44.5 f 1946 abnormal1 to oyster l a ~ a e  
- moderately toxic (23f2.3% a b n o d )  to oyster larvae - least toxic (15.1 5 3.1% abnormal) to oyster Larvae 

47 



* SAN PRANCISCO BAY, CAKJXXtNIA .- hl@y toxlc (67 f 11B% 8 4 o I y )  to 8.abmdue- moderately toxic (33.8 J: 47% 46rhUty) to R. abmdwn 

-least toxic (18 f 6.6% mo?&Uly) to R abmdus 


- slgnlflcantly to& (429 f 19.2% mortality) to R. abmdw- not loxlc (1SA f 611% m~rtauty) to R nbmius 

- hlE3Jy toxic (91.4 f 4.5% abnormal) to bivalve larvae- moderately toxic (59.4 f 113% abnormal) to Mvalve krvae- least toxic (233f 73%abnormal) to bivalve h a e  

- significantly toxlc (55.7 f 22.7% abnormal) to Mvalve larvae - not toxic (31.9 f 15.5%abnormpl) to Mvalve larvae 

PA- VBRDES, C A W R N I A- "ma)ordegradation" to mncmbenthoa (202 ap/O.l m aq.) 

WGRE2J.Y CREKK,CAUFDRNIA- slgplficant mortality to D,m p and H ifmbata 

swmm CALKFORMA- significant^ toxic (51.65% moMUIy) to C, joponicn- not WACW2%mWlty)  to C. japodw 

LO5 ANGBLES HARBOR, CALlFQRWIA- >SO% mortdity to P. pug& (20%elutriate bimmy) 

WAUKRGAN HARBOR, ILLlNOIS- hl@y toxic (663* 4.25% mort.ty) to & aztm 

SHIWOYGAW PiRR,  '~SCONBIFI- elg. \ ih t  moitnlity to prawir, ?4.rcarnbngf8 

Prul.L.25 aimOF LAKES, WIXomm- $l@Bcmt mort8Uity to D. 1110gm(n = 1)- low mortnUty Cn D.m e w  (n = 5) 

KBffBEMAW VJALTHRWAY, MlCHIGAN - ~ ~ i ~ n f i yto& to D.m a p- not toxic .,? ~ 1 .n v t g ~- nrean m ~ ~ n h t i o n  II&IIKW~~ (to K9. m a p )in highly toxic (m?thw)- manco~mn&alionin least toxic (wuthed sedimenfs (to D. ma@#) 

lOSf56

l m i n  
9 3 f 3  
112.1:31 
78 142 

100*35 
102.1:44 

!%f5 


40f16 

24 f 22 
20f 15 

31 


<13.8 

l l O f  O 

350 
106f 74 

109f 19 
35f 14 
1M) 
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:EN-;..., / .,..., -, 

150 

82' Bhy,W A - m  
- ~ ~ w b @ ~ : ~ ~(W.6 t94/0.1 .L) 10f  3*m(r;m . ~ w s ~ * I o ~ ~ . ~ ~ . ~ ~21i11 
-h&uw*rpsbs rlchneae(3l t 6.5/O.I q.a )  33 f 12 

n BUCK R ~ C KHARBOR,CONNE~COT- 100% zmrtauty to N.dmrr 52 

39 w ~ m , ~ C F I m
-r09bmorUUrytoP.plylla 38 

39 NORWALK, CONNECl'ICUT- 0%mo*uty to P.puglo 43 

39 NEWFORT, RHODH ISLAND- 0%mortally to P,pu@ 10 

62 BALTIMORE HAR- MARYLAND 
- m D s t ~ t o r n u m m i ~ ~ S . l * 3 ~ ~ 5 ) a d stCIZmSbf3.4) 97 *53 
-teasttodcto-~l~m132f 31.1)~spotOZrn28*5.6) 705 14 

64 GBORGE'IDWN OCEAN DMIX;B[)MATERIAL 
DISPOSAL SITB, SOUTHCAROLINA 

-me f f e 4 e ~ p a n b ~ ~ t h o b ~ ~ o tabundance 6 

75 'mNl'rY RIVER,TEXAS- eiplficant xnmbllty to D. m p  29 f26 
low mrtallty to D.ma- 36*29 

40 CUBATAO RIVER,BRAZIL- 24-h BC50with D.sinrilfa 3 

--
Refarences Cancentratiomi (ppm)-- saetrpounaAm- -

QO 
2D50 
>so 

43 New England in- i.3contaminah level for d d g e  rnotr~ut:! ,100 

20 
2WO 
25 
SO 

49 
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Referoncer B w k p m d  Appmh 

3 RO&d8Ul h b 0 ~  ClaSdfh~oMWdhWXit q ~ d q- Qaae 1Wghtly contaminated)- Qem 2 (moderately contamhated)- Qaae 3 ~oontamtnnted)- Qase 4 (heavily c6ntamlnsted) 

References: 

1. Bellor cr d 1986 43. NERBC,1980 
2. Pll Bnvlmnmenral Serviceq 1988 49. Swwz et af, I985 
12. PavIou and Weston. 1983 51. W u g  ef al.. 19848 
U). U.S.ACOB, 1988 55. Malaug cc d.,1984b 
23. J a m .  1987 56. Andason et d..1988 
29. Yatc el d.,1986 62. Tkzi a d..1979 
39, Lm and Marknl. 1977 64. Van DoW,cr d.1984 
40. Zagalto el al.. 1987 68. Bahnicf; cr d.,1981 

Conw~~Pratfona( p p d  

QJ 
3%S 
6680 
zSO 

71. S i el at.. 1984 
72.IngasollandN&m, Inpiw 
74. Tam, 1986 
75. Wa er d.,1980 
71. McQncr, 1982 
80. ~em~ecb ,1985 
82. 0- n 01.. 1976
* -VPriw,p W  text 

T a l c  16. Effect8 rage-low Pnb effecb range-msdh vducs fas d&eS and 18 
conccntratfons used to determine thmc vnlues matt$&In mending odm 

Concentrations (ppm) and Polnt -
Mna4achuwtb Bay benthas COA 
h@3%und, Washington, AET - Mimtoxru 
BR-L 

30 Ccmnen-t Bay, Washington, bioassay COA 
31 A n e m  Harbor, California, bioassay COA 
33 Messschueetts Bay knthoa COA 
39 Puget Sound, Washingon, ART - oplw
40 Uttle Grizzly Creek, Califomla, blaaasey COA 
41 Co-t Bay, Waahi n bioassrmy COA 
49 hget sound,W-en,S-benthic 
50 HR-M 
52 Black Rock Hark, C o d c u t ,  b i m y  COA 
SB Luke Union, WasNngton, biaaessy COA 
94 Palos Verdes Shelf, Celifomia. benthos COA 
97 Baltimore Harbor, Maryland, bioeseay COA 
100 Keweensw aver, Michigan, bioacrsay CQA 
109 Keweenaw Rlver, MlcNgan, bioassay CQA 
110 Shhygan River, Wisconein, Moassay COA 
150 Torch Lake,MicN bioassay CQA 
350 ~hilltgschain of &,Wiacomtn, bioaasoy

-



Avaihbie *l(s 1adiam But chr~ntcwxidty to freshwater o bms may oenrr at 
&hca\lratlol~~dnWaW an low nu 0.12 cmd that ammnha~oM%%awatm should not 
w$ebdh%&&aatglhR1.S. BR;)M. waterI b e  ppd CeIlfoRlia &e 
sl6n&sM%l grin pow and LPuvis, 1979). 
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- Nghly toxic (92.4 f 45% almoml) to bivalve luvm 6.9 f 25- modenrcly todc (SPA f 113%abmmraU to b i ~ l v elarvae I f  0 6- lmt to* (233f 7.3% abnomral) to bivalve larvae 0.5 f 0.4 

to* (55.7 f 22.7% abnormal) to bivalve l a m  1.7 f 22 
t 15.5%abnormal) to bivalve larvae 0.6 k0.5 

56 90UTHBRNCALlFORNlA- aignifimntly toxic (51.45% mortality) to C, jpponh 13 j: 1A- not todc(232% mrtsllty) to G. /aponiop 1.1Y 1.9 

- high echinodermabundance (1913f70.1/0.1 sq.m )  0.6 f0.8 
-moderate echk&mn abundance(56.2 f23/0.1sq. a) 0.6 k0.7 
-low &hodem abundance(6.1f 7W0.1 sq.m) 3.1 f 45 

- high &pod abundance(148 f58/0.1 sq.m) 0.9 * 1.6- modmate ar~vo abundance (73 *6810.1 sq. IIL)$d 0.7f 1 
low arthmpoda undance (353 f15810.1 eq.m) 2.2 f3.9 

- hi* upoctes rlchrres(%3 f 22.3/0.1 eq.m) 0.9 i2.1- moderate apecies dchness (72f33/0.1 
"4;) 

0.7 f0.8- low species dchness (512f 8.6/0.1 sq. m 2.5 f 4.1 

- high totalabundance (88.9 f 3SA/O.l m)- moderat@total abundance (75.6 f 12.721 8q. m)- low total abundance (57.6 f 13.6/0.1 sq. m.) 

66 SAN DlEGO BAY, CALIFORNIA- 282% wrvlval of sanddab C. sHgmocus, A. eculptn, A. funsa 0.8- W%swvivsl of A. eculpta, N.nrcnacacdmtata;, and M. m u t a  0.8 

Reference Background Approach Connntratloiw (ppm) 

12 USGS alert levels to flag 15-2096 of samples analyzed loo0--
I Refercnecs 

1. M(Ist d.,1986 26. DGW~Ua d,1988 n.r + i c a ~ ,1982 
2. PTl Environmenrnl Services, 1988 56. Anderson a d.,1988 80. Te4mTccl~.1985 
12 Pnvlou and Wcston. 1983 66.S&nr mdSalazar, 1985 83. Worb and Mcams, 1979 
20. U.S.AWE, 1988 67. McGna, 1979 * -Various, please sea text 



wmaa - ' M ~ C U O ~ V  -~ m c d w  I U ~T~IUCI ,m 
~ ~ a m ? d uea rnuyed in wcndlng d w .to dctermlna W e  v 

~011~tntr8tbm Bnd Polnt(ppm) 


Southem Califomla epedm rlchnaesCOA 
M, &IthiLn bunuwing tlme MoriMayCaA 
Southern California&odenn abundanceCOA 
Puget Sound, WashingtonART - benthlc 
Puget Sound, WashingtonABT -amphlpod
San Francisco Bay,Califomisbloaaarrp COA 

Becauae of a lack of data, no consensus values can be determined for the cancenhrrtlonsof 
tln In uedlments that are assodated with biological effects. 
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:N'nt, , 'oj6#ocbm~.thstmuhw:w*ra:mmt tha: a e a m t mSouth Cuoh..d(smd.aim. 
No$ between torldty ud line concentrat& wu'appuent iwtm of CubrGRim-No Q l K o W  hhvaa tow rbunduros of knUIoe and tlnc~ h a t l o n r.~."..> ,.. , .. .

'Ilor :wuthh Giifimh A relat id poor correlation W t w m  rqxch:aw#$S h e  a w n a t i o m  1.None*. 4 -reped . rawly  -afri$Fit! &"Lnc manbation6 wao report& for sedlmente horn the .Qhwaukee Rlver, 
II; A Mntively oar correlrtion between M. balihlur burrowine tlme and zlnr 

i c o a ~ t l a n rwas w$ded. Relatlvel poor conamlance between torld 6 mpN@ and 
dnc wncm~tntbnuw o  rp-t in tK, data from Sm Ruvlseo Bay. X,ese data were not 
corulded ln Ule e8timatlon of ER-Land BR-M values (Table B-10). 

&om the remrlnlng data, it appean Uut biological have not bean oboervsd in 
auocfPHon with zlnc concentratlona of about 50 ppm or less in eedimente (Table 20). 
Behadoral effects upon the am hipod R. abmniw and the shrlm P. affinb have been 
obaewed bt d n c  c o ~ a t i o mof sfto 121 pm he - rta rug@ an &-I.value o-ut 120 
p m, the lower 10 peri!enHIe value of g e  availabhe data. This value is supported by 
o L a t l o n s  of low sped@ rich- among Maa~cRusetts Bay benthos (117 f 42 ppm) 
significant mortality among Daphnin m p  exposed to Mnl River sediments (121 * 2;
ppm), Ngh mortauty amongH. atem expwsd to Waulregsn War?kr sediments (127 m), and 
a San Francisco Bay ABT based upon bivalve larvae blosssays (130 pm). it a fewd% 
exceptiow, biolo ical effects were usually observed at zlnc concentrat on8 of 260 ppm or 
greater Cfable &f0). Also, the 50 m t l l e  of the available data is 

P 
ivalent to about 270 

the ER-M sugge~ted b the gta. Thin value is nu ported b 7"b oassa dub from the 
i!%wn-kdtan eSNW (24sYf 201 ppm) and l t t le  GAYCreek h7 f 2¶lppm), a Puget 
Sound ABT (260ppm), and an LOO for a SSB with R. abmdw (276 ppm). 

The d e w  of confidence in the EX-L and BK-M velum for zinc should be considered as 
relatively hl h Both of the values are supported by a consistent cluster of data derived 
from more ka'n one data set and/or s ~ ~ m a c h .  The available dab strondv sug~est that 
sublethal and other d t l v e  measurea of.ekect8 occur at zinc concentrations 01~bou% to 125 
vvm and that effats almost alwavs occur at or above zlnc concentratfons of 260 vum. 
However, several of the Puget Souhd ABT values and the two EP thresholds eu esi ha t  
thresholds for effects occur at eoneentratione much higher than the ER-1. nnd OR-M va?uea. 

Table 19. Sununuy of ~ d h e n t  effefe data nvalhble for zlnc. 

Rcferencer Bfologicai Approachen 

Apparent Effects Threshold 

1 19ffi PUGIT S O W  ART- R, abmnius amphlpd bioassay - oyster larvae (C. @gas) bioassay-benthlc community cornpodtion- MiaotoxTmbioassay 

2 1¶8l?PUGBT SOUND AET- R. nbronius am Mpod Moaesay - oyeter larvae f E.@gas) bioassay
-benthic communtty mpodlion - MicrotoxT~ bioaesay 


20 -
PSDDA GUIDELINESCbaaed uwn Pus& Swnd BT)- d n g  lwel concentrelion 
- mexlmum level dterlon 

Concentrations (ppm) 



zabb ~ 9 .~ n eiwnwuea) 

~dmnnc@# UlologicII AppsoaQa Concont#aUanr (ppm) 

Appuent Wacb Thmlhold 

S M I  FRANCISCO BAY, CALIFORNIA ABT- bivalve larvae blorsaa 130 
R.nhniw amphipod &owmy W )  

Co-Occurrtnw Anrlysta 

80 COMMENCEMENT BAY,WASHn*lGIY)N- highly toxic (15.7 f 39 dead/U)) to R abrodua 941f1373- moderately to& (5.2 f 1.1 &ad/20) to R. abroniua 211 k 342 .l m t  toxic (25t0.9 dead/ZO) to R abmniua 108*79 

highly to* (446* 1996 rbnomrpl) to oyster larvae 387 k 783- modercltely toxic W f 2.3% abnormal) to oyster larvae 185f 335- least toxic (15.1 f 3.1% abnomrsl) to oyster larvae 107f 122 

26 PUGBT SOUND,WASHINGTQN- non-toxic (787.5% survivalof R,abronius) 114f52- moderately todc (47.5% to >95%LPL to R. abroniw) 195f 166- highly toxic (95% WL to R. abroniw) 7W f955 

29 LAKE UNION,WASHINGTON- 95%mrtality to H.a z t m  320 

39 DUWAMlSH RIVER, WASHINGTON- 0-10smortouty to P. puglo n 
n MER RIVER B.C.,CANADA- sedlment devoid of M. ballhim 169f 53- aedlment populated by M. balthiur 65 f 19 

67 STRAIT OF GEORGIA, B.C., CANADA- slflcont inmase in bwrrowlng t h e  (ET50)of M, bnllhica 109- algniflcant 24-havoidance behavlor among M, balthlur m 
I) SAN FRANCISCO BAY,CALIFORNIA 

- highly toxic (67 f 11.8%mortality to R. abronius 187f115- mderately toxlc (33.8 f 4.7% mortality) to R. abmnius 146f73- least toxlc (t8 f 6.6% mortality) to R. abroniua 171f 91 

- aigniflcsntly toxic (42.9 f 19.2%rnottality) to R,abmniw 158 f:87- not toxlc (18.4 k 6.8%mortality) to R. abroniw 177f % 

- hlghly toxlc (92.4 f 4.5% abnormal) to bivalve larvae 2ffii90- moderately toxic (59.4 f11.3%abnormal) to bivalve larvae 172 *92- least toxlc (23.3 f 7.3% nbnonnnl) to bivalve larvae 89 f41 

- significantly toxlc (55.7 f 22.7% a b n o d )  to bivalve Larvae 154f91- not toxic (31.9 f 15.5%abnormal) to bivalve larvae 136f 78 

90 PALOS VERDES SHEW, CALIFORNIA- " m a pdegradation" to macrobenthos 00.2sp./0.lm. sq.) 739 f 139 
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Tabk a.P,(e0rrUnn.a) 


Rafrmnerr Biologlaal Appcorahoa ConcsnIrptleuu (ppra) 


C&~ccuwna Wpr 

IiB BOUTHBRNCALlPORNU- ri@lcantIy Dxtc (51.65% moftallty) to C. japn&a- not tOde Q33%mortnllty) to C, j p n h  

83 - high echlnodmm (1913i:70.1J0.1 q,a)-moderateOCNnodaanabundpnce(56.2 *23J0.1 sq. a)- low echlnademrabmdanm (6.1 f 7210.1 sq.m.) 

-hlgh arthropod flblmdaIlCe(148 f J8/0.1 m)- moderAte abundance(nbf 620.1 .m)
-low r h $ X % u u r e  (353*15.8/0.1 q.3 

- Ngh spedes richness (963f 223/0.1 q,m)- moderate epeder rlchne~a(72f 3.3/0.1 m)- low .speciesrichr~m(512f 8.6/0.1 sq. 3 

- high total abundance (88.9 f35.4/0.1 .m)
-moderate total abundance05.6 f 12.78.1sq. m)
-low total abundance (57.6 f13.6/0.1 sq. m) 

39 LOS ANGELES HARBOR,CALIFORNIA- >50% mortality to P. pu@ (20% elutriate bioaeeay) 

55 mLBGRIZZLY CREEK, CALIFORNIA- signfficant m~talilyto D. magna 

55 PHlLLIPS CHAIN OF LAKES, WISCONSIN - significant mortally to D. mag^- low mortality (0-5s) to D. magna 

74 SHEDOYGAN RIVER, WISCONSIN- elgnificant mortality to prawn, M. roanrbwgii 

n W A U K E G * ~HARBOR, ILLINOIS- hifly toxic (66.3 f 4.25% mortaUty) to H. azfmr 

60 DUPAGB RNER, ILLINOIS- least number of benthic macroinvertebrate tara (6.7 * 25/slte)- highest numb= of benthic mmlnvertebrate tana (15.8 t 2/aite) 

61 WSHWhUICBE RIVER, ILLINOIS- least number of benthlc InamOin~ertCbrtlM taxa (8.4 fOS/elte)- highest number of benthic macrolnvertebrate tam (16.3 f 46/aiie) 

54 KBWBENAW WATERWAY, MlCHIGAN- significantly toxic to D.mgna- not toxic to D. mpa- mean conwnbation in highly brlc (northem)eedtments to 
D.ma*- mean combation in lewt toxic (muthem) eedhncnts to 
D,magna 

3(BfW 
2 1 2 f W  

50t13 

W f  34 

230f 444 


Slf 24 

SZf  28 

182f 384 


7lf 106 

!!Of22 

197f415 


347k 592 

53f 28 

TJf81 


223 


267f 298 


570 

216 f 213 


290 f10 


127 


327f 162 

182f56 


l(nf 31 

%%f 52 


168f 52 

69 f 24 


154 


62 
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%*by 19. zLnr ~rmrtlnud 

BldqIc.1 Appmlsha 

Co&ccamace ANJ;ma 

!ti mRcHLAKI3,MICZO[GAN- significant mort~utyto D. MI@andH.limbata. 

75 TRINITY RNER, TDW- slplflcant mort.llt.y to D. mag^- low mortality to D.magnu 

82 MASSAMUSBTIT, BAY, MASSAWSBTTS- hlgh benthos ST er,rlchnem (93.6f9.4/0.1 m)- moderatebea&speciea rtchne8s(58.2 f1057h.lsq.m)
-low benth08 epedas dchneas (31f&5/0.1 q.a) 

39 N B W R T ,  RHODE ISLAND- 0%mortality to P.puglo 

n BLACK ROCK HARBOR,CONNECTICUT 
1M)%mortality to polychaete, N.ufrens 

39 SPAMPDRD, CONNBCTICZPT- lolb mortality to P. puglo 

39 NORWALK, CONNECTICUT- 0%moltauty to P. puglo 

79 MIDSON-RANTAN BAY, NEW YORK- negative rate of gmwth in nematode, C.gennaniea- podtive rate of growth in nematode, C.gmnmrfco 

62 BALTIMORE HARBOR, MARYLAND- moat toxlc to mummlchog@6.1f35 TLm) a t (5.9k 3A TLm)
-least toxlc to mummlchogs(43.2f31.1TLmRpot (24f 5.6TLm) 

66 GEORGETOWN OmAN DREIXED MATERIAL 
DISPOSAL SITE,SOUTIi CAROLINA- no effects upon benthos rrpeclea richnessor abundance 

4Q CURATAO RIVER, BRUIL- 24-h BC50 wlth D. sbillie 

41 NORWEGIAN FJORDS, NORWAY- 50% reduction from mnx in Hwlbert'~benthic spedes diversity index 80 

l?quIUbrlum Porlftfonlr~s 

17 EPA acute marlnr EP tlueahold (WkTOC)
4 BPA chronic marine EP threshold (W%TDC) 

Splke&Sedlrnent Bio~say8 

11 54.7% dead out of 53 R. abronius in 72-h bioaasay 
67.2% avoidance, out of 59 R. abmnius in 72-h, Z-choice e ~ r l m e n t  51 
66.7% avoidance, out of 45R.abmnius, in72-h, Zshoicc? exprlment 188 
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*a#& 19. Zinc (mmtlnved) 

i Referenee# Siologlcol Approeckw Connnkrtlanr (ppm)
E 

SpikebScdlmcnt Biomayr 

18 LC30 for R abmnius in 1O-d Moclssay 

Activity behavior of Pontqmrdrr significantly deaeased, 5doy erposum 59-124 

27 LCQ5for Znand LC76 for Cd,R. abronlw, 72-h bioaasay 79 
LCOS for Znand LC98 for Cd,R. nbmnfus, 72-h bioaseay 76 

Refennee8 Background Approach Concentrations (ppm) 

68 Great LakesHaibom- ClaseifIcatlon of rum lluted aedlmenta <sa- c111ss~cationof mEately polluted sedimenb 90.200- ClaesiHcatlon of heavily pol uted aedlmenta >ZOO 

43 New England interim high contamination level for dredge material MOO 

l2 EPA Ton V guideline for pollution clswIflcation of sedbnente 90 
USGS nt levels to fle 15-20%of semples analyzedfi m 
Ontario Minisky of the nvimnment Dredge Spoil Guidelines 1DO 
EPA Region VI pro sed guidelines 75 
FWPCA allca C!%ielines:- LIGHT (no&ktion tobenthos) 090- MODERATB:(predominance of pollutant-tolerant benthos) 90-200- HBAW: (benthosabeent or abundance reduced) >ZOO 
EPA Jensen Criteria for open water dredge material disposal 50 
EPA Reglon VI pmpoaed guidelines for sediment dleposal 75 

20 BPA/ACOE Puget Sound Interim Crlterla (centroI baain background) 105 

23 Rotterdam Harbar sedimentquality classifications- Class 1 (slightly contaminated) 4 7 0- Ciass 2 (moderately contnmina~ed) 370-1160- Class 3 (contaminated) 1160-2330- Claes 4 (heavily contaminated) >2330 

Refercncea: 

1. Bellw el a/., 1986 40. Zagauo el a/.. 1987 68. Bahnick el d.,1981 
2. F'l'l Bnvim~ncntalS c d .  1988 41. Rysg. 1985 71. Sirnas et a/.. 1984 
4. Bolton a a/., 1985 43. NBRBC, 1980 72. IngmU and Nelson, Inpress 
11. Oakdan ct a/.,198411 50. Swartz d..1986 74. Tatem, 1986 
12. Pavlou andWuuOn, 1983 54. Malcug er al., 1984a 75. QaJim el d..1980 
17. Lymanct al., 1987 55. Malcug el a/..1984b 77. tdcih?~,1982 
18. Swm'Iz sl al.. 1988 56. A n b n  era!., 1988 79. TicljcnandLrc,1984 
20. U.S.ACOE, 1988 60. W i i s  EPA. 198811 80. TmTcch, 1985 
23. JM~CR1987 61. WiEPA. 198813 82. G i d h  el a/., 1976 
26. DeWitl e~al., 1988 62. Tsai GIal.. 1979 83. Wmd and Meams. 1979 
27. O&kn el a/., 1984b 63. Magnuson ct 01,1976 Variws,PluLpc~md 
29 aka er al., 1986 64. Van Dolah GI a/.. 19E4 
39 LCCsnd t.wmi. i g n  67. ~ c ~ m a ,1979 

59 





5ubletht SSB with R. abroniua 

Sublethal S9B wlth P. afinb 

M a a m ~ c t sBay.M~~dlcllueenE
benthoe COA 
M.sMchuaeta, Bay, Massschusetta bcnthw COA 
BR-L 
Mnlty River, Texas MO~MBPCOA 
Waukegan Harbor, lllinois bl- 8 COA 
en Prantim ~ay ,~aliforniad 

Keweenaw Waterway, Michigan Moaesays COA 
Keweemw Waterwa ,Michigan Moasaaya COA 
~ e r a l  ~ i v e rd' t a ~ t h f ~ ~  t COAh 
M. batlhlca avoidance bloassny COA 
Sen Prandaco b y ,  Califomis bioassay8 COA 
Southern Callfomharthropod abundance COA 
CommencementBay, Washinpn Mosseaye COA 
Sublethal SSB with R. abrontue 
PugetSound, Washington bioways (XIA 
Southem CaWornls spedee rlchneae COA 
Sen Frandsco Bay, California Moeesap COA 

CommencementBay, Washington M ~ y e  
COA 
b e  Angel- Harbor, California bloaseaya COA 
San Frandsco Bay, California AET 
SouthernCdUomta &odenn abuiuhce COA 
PugetSound, Waahlngton AET - benthlc 
Llnle Grizzly Creek, California Moassaya COA 
HR-M 
SSB wlth R. abmnius LC50 
Sheboygin River, Wleconsin bloaaaays COA 
Torch Lake, Mlchl bloaesaye COA 
take Union, Was hi? gton bioassaye COA 
W a g e  River, IUinoia apedes richnew COA 
Black Rock Harbor, Connecticut bloaesays COA 
Southern California bioassays COA 

Pupt Sound, Was on bloassays COA 
Pvloa Verdes Shelf,'"'2llfornia "ma r degradation" COA 
EP nwlne c~uonicthreshold @ 4% & 
Pugat %ad,  Washington AET - amphipod 
CommencementBay, Washington bioaclsays COA 
Pug& Sound,Wanhhgton AET - amphipod 
PugetSound, Washington AET -oyater
Puget Sound, Washington AET - MicmtoxTY 
lhllimore Harbor, Ma land bioassn COA 

I & P ~ O I @ 4%~ T G  



0thMajor and Tr.aWamrnb 

Data WfUL which meesmea of MoIoeicP1 effecm could be related to the concentrations of 
d d w  iron, -, a w n ,  tMhm and eelenium were not found. 'hedore, no ER-
L or BR-Mvalues were determined for thm analvtea that ( ~ ~ ~ t i f i e d  t h ~in &-b 

Acute toxiclty of PCBa in water to freshwater aquatic organfuns probabl occurs at 
wrrentnttolus above 2.0 ppm and above 10 for dtwatm spe& (US.EPA, 1&!6). LC% 
for Aroelor 1242 teoted In 96-h blop~lsays ~ ~ ~ l a m r o n e t c spuglo i.anged h m  15 to 57 ppm 
fhfayer, 1987) 

A considerable amount of data exlst wlth which PCB concentrations in mdlrnenb end 
meaeurea of bIobgfcal effects can be related (Table 21). Most of thew data are from fleld 
studle@ and were evdwted with cooccurrence analyses. Matching biological and chemical 
data are available from Puget Sound, Commencement Bay, San Pranclaco Bay, aouthern 
California, San Diego Ba DuPage River, Mshwaukee River. Wauitegan Iiarbor, 
Mlesisalppi River, Trlnl%ylkver, Massachusetts Bay, Baltimore Harbor, Hudson-Raritan 
estuary, and other a m .  ABT were U8ta-I for Pn Sound and San Prandsco by.An BP 
chmnlc marine threshold wan aMable, along wl ti? marine and ftwshrvatcr SLCa and results 
of two 4SSB experiments. 

RIver indicated no gradient in PCB concentrations among: statinno. 
Most of the Misslssipp Rtwr data indicated no concordance Between toxicity and PCB !' Data from the Mnl 

concentrattom. No gradient in PCB concenkatlons among Massachusetts Bay stations ww 
ent. Them wati very little concordance between bivalve larvae biaseasy renulta and rB concentrations In Sari Francisoo Bay. Data from southern California indicated no 

concordance between total abundance of benthos and PCB concentrations. There was no 
concurdance between modexately and NgN toxlc samples and PCB concentrafions in data 
from Commencement Bay. There was very rittle difference in PCB concentrations in aamvles 
from Puget Sound that-were 
concordance was apparent 
CaUfornia eedimente. San 

toxic versus those that were hlghly toxic. 'NO 
and PCB concentrations in teats of southern 

were not hi hl toxic. These data were not 
coneid& in the ( ~ a b l e k h .  

Thla value Is 

The degree of confidence in these value6 should be considered as moderate. There are 
data from all of the major approaches, the overall apparent effects threohold is roughly 

uivalent to the BR-Mconcentration, and oomiatent cluetersof data mpport theER-L and ER-3 values. However, much of the data available from the various approaches are not 
consistent. The highest and lowest Puget Sound AETs dlffex by over an order of magnitude; 
the data from the only aingle-chemical SSB indicate relatively low acute toxicity and a 
value (LC50 of 10,800 ppb) inconsistent with much of the other data; PCB concentrations in 
Waulregan Harbor sedimentsdetermined to be todc in Mimtoxw teals differed by four order8 
of magnlhlde from those determined to be toxic in Puget SDund with the same test; and the 
mnrlne and fwhwater SLCe are much lower than the concentrations assodated wlth benthic 
effects in other studies. Since the only data from a SSB unexpectedly indicated an LC50 
much hl er than tlw PCB concentratlone ussodated with measurn of effects in the field, 
PCB6 in %id-collected iledimenb may be highly particle-bound and not bioavailable and/or 



1 they nuy have a ml.tlvely mlnor role in cawing bldogtcal effectswch as acute nmrtnli&y0 relativetooUleiooocnrrrlngconlaminnnta 

Table Z l .  Sawnary of rrdlmcnt effect#data available forPCB& 

Apparent Bffrctr Tkscahold 

1 	 1986 PUGET SOUNDAET- R, abmnlus amphipod biosansy - opt@ larvae (C.gip)bioaaasy 
-benthic wnrmunltycomposition- MIcrotox'Y btosagpy 

2 	 1% PUGBT SOUND AET-R. abmniua amphipod bioassay - oyater larvae (c, $gas) bioas88y-benthlc mmmunltycomwrdtion- M i m t o x ' Y  bio&y ' 

20 	 ISDDA GUIDELINE (baed upon Puget Sound AET 
-screening level concenbatlon - madmum level criterion 

* 	 SAN FKANCISCO BAY, CAWPORMA AET- bivalve larvae bioasea - R. abronius amphlpod &oaasay 

Co-Occurrence Anrlyser 

80 	 COMMENCEMBNT BAY, WASHINGTON- highly toxic (15.7S.9 dend/U)) to R. abronius 
-moderately toxic (5.2tl.l dead/u)) to R. abronius- least toxic (2.539.9 dead/2O) to R.abmnius 

- highly toxic (44.5ct19% a b n o d )  to oyster larvae - moderately toxic (23f2.3% abnormal) to oyster h a e- leaat toxic (15.1i3.1% abnormal) to oyster larvae 

26 	 PUGRT SOUND, WASHINGTON- highly toxic k95% Lm.to R. abronius)- moderately toxic (47.5% to >95% LPL to R. abroniw)- non-toxic (.2875%survival of R, abronfua) 

29 	 LAKE UNION,WASHINGTON- 95% mortality to H.nrteca 
* 	 §AN FRANCISCO BAY, CALIFORNIA 

- highly toxic (67 f 11.8% mortality) to R. abronius- moderately toxlc (33.8 f 4.7% mortality) to R. abronius - least toxlc (18 * 6.6% mortality) to R. abmnius 

- significantly toxic (42.9 f 19.2% mortality) to R. abmtdua- not toxic (18.4 * 6.8% mortality) to R, abronius 

- highly toxic (92.4 f 45% abnormal) to bivalve b e e  - moderately toxic (59.4 f 11.3% abnormal) to bivalve hwae - least toxic (23.3 f 7.3% abnormal) to bivalve lawae 



- dgnlllcantl toxlc (95.7 f 22.7% a b n o d )  to blvalve b ~ a e  - not toxic (4.9 f 15.5% abnormal) to Mvalve larvae 

7 - sedlment quality trlad minlmumor no Mwffects- sediment quallty triad dgnlficant bIwffecta 

56 SOUTHERN CALIFORNIA- significantly tDde (51.7% mortality) to G. japonh- not toxlc (232%mortality) to G. j ~ p o n b  

83 - low echinoderm abundance (6.1 * 7W0.1 aq. m)
- moderateedrlnodennabundance (562 f23/0.1 sq. m)

-high echinoderm abundance(1913f70.1/0.1 sq. m) 


-low arthropod abundance (353 415.8/0.1 m)- moderate arthropod abundance 026f6.821 q.m)- Ngh arthropod abundance (148 f 58/0.1 aq.m.) 

- low spedm rlchneas (512 f 86/0.1 sq. m.)- moderate species richness (72 f3W0.1 sq. m3- high apedea richnew (%3 f 22310.1 sq.m) 

- low total abundance 67.6 f 136/0.1 .m.) 

-moderate total abundance (75.6 f 12.30.1 m.)
- high total abundance (88.9 f 35.4/0.1 sq.3 

66 SAN DlEGO BAY, CALIFORNIA - 282% surviva! of C. I)tillmoe(ui, A. sculpla, A. lonsa- 286% survival of A. sculpln, N. arenacwdentata, M.m u t a  

60 DWAGE RNEK, ILLINOIS- least number of benthic macroinvertebrate taxa (6.7 f 25/site)- highcat numb of h t h t c  muminvertebrate taxa (156 f 2/site) 

6i WSHWAUKEE RIVER. ILLINOIS - least number of b e d c  macroinvertcb;atc taxe (8.4 * O.S/site)
- highest number of benthic macroinver(ebrate taxa (163 i46Ieite) 

24 WAUKEGAN HARBOR 1I;LINOIS- high Microtoxm toxicity (average EC50 of47.7 f 15.2)- moderate MlcmtoxTu toxicity (average EC50 of 128.7 f 49.3)- low Mt~rotox*~toxicity (average EC50 of 368.1 f 101.7) 

69 MISSISSIPPI RIVER - 80 to 100% survival (92 f 6.3) of G. ,-reudolin~nra- 25% survival of mafly (Hcxnxenia sp.;n = 1)- 80-10~%survival of- 55%f 10% d v a i  - 90%f 58%survival 

75 m n RIVER, TEXAS- significant mortality to D. m a g m- low mortaUty to D.m a p  

127f171 
216 f 376 

1300f2700 
30*50 

20 f 20 

128f. 264 
7 56 

355,050 * 6598,300 
1,142,300 f 2,229,700 
ND-174 

60 

4.13 




T&le ll. PCB&f c o d n ~ ~ U )  

Refwmwa B l o ~ ~A p p w h a  C m c e a ~ m(ppb) 

Co-Occnmnce Adpa 

62 MASSACHUSEITS BAY, ~ A C K U S K I T S  - low benW spedes rlchnwo (31 f65/0.1 .m)

-&te benthos riclaess (582 * ~ S / O . Iq.m)
- high k n t b 8  speder t k k ~ ~(93.6 f9A/0.1 sq.m) 


58 BLACK ROCK HAREOR CONNHCIICLR'
- el@Amt toddty to A. nbdih in 10-day bl-y 


7P HUDSON-=AN BAY, NEW YORK
- neplive nteof gmwth innematode, C.gmanicn- posltive nte of growthhnemptcde, C . m 


44 NEW YORKHARBOR
- 40%nmrtaliiy to N.drms, M. mmrmtr, P.pugio 


62 BAUMORH HARBOR MARYLAND
- m o ~ ttoxlc tomuMnlchogs (TtmS.1f3 3 ,  spotCIZm5.9 f3.4)- leant tmdc to rnunmkhogsVLm&32f31.1), spot (TLm24 f5.6) 


64 GBORGF1DWN OCEAN DREDGED MATERIAL DISPOSAL SITB,

SomCAROLINA 

-noeffectsupon benthos apedmrichtma orabundance 

Natlod Saeenlng Level Concentratlolu 

5 Freshwater aedlmenb (D 1%T8C 
Merhe sediments @ 1%TOC 

14 Merhe sedirmts 8 1%TOC 

HqulUbrium Partlt lo~g 

4 BPA chronic marine EP threshold (@4%XC)( h e m a )  

Splked Sediment Bioaslayr 

18 LCH)for R,nbmnfua in10dMooway 

65 significant toxldty to R. nbrdus  in 10-d biaassay 

Background Approach Concentfatlone (ppb) 

68 G m t  Lake5 HtUbor~- Qasslficatlon of heavily polluted sediments 


43 New England interim Ngh contamination level for dredp material IOOO 


20 EPAIACOH Puget Sound Interim Crlterh (central basin baclrground) 380 
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Table Z L  PCB8 (mmtlard) 

Refurncar n- A P P - Cwwnlntlcnr (ppb) 

u Uottcrdrm HuJIoo redbnntquality chlalfhtfons 
- U a m n ~ ~ t e d )  *IOO- Clam 2 (modmtelyantsmlnated) 1 W a- Clur 3 ( c o n ~ t o d )  2mm 
Cl0.u4 (hsrvllpmntmhated) >(100 

Refwenee#: 

1. Bdlaet d.,1986 '24.RWB etd..1988 61. Van DoIph et d.,1984 
2. PITBnvi~~~~mtnlSavicss. 19&8 26. DsWiuefal.. 1988 65. Plsshn at al.. 1988 
4.  Dolton et ol.. 1985 29. Y& et at.. 1986 66.SalsPrladSahr, 1985 
5.  N&et& 1986 43. NBRBC, 1980 68.Balmick er al.. 1981 
7. Chapnrmcr d.,1987 44. RuMaohr ct al., 1983 69. Marking efd.,1981 
12. PovlollUdWes~m,1983 56. Aadononet 41988 75. Qertn ct d,1980 
14. Netfa1al., 1 W  58. bg(om eta!., 1985 79. lWJmnnd J a ,  1984 
18. Swma H d.. 1988 60.ntinoisEPA, l98Bo 80. TehaTecb,1985 
20. U.S.ACOB, 1988 61. IUinoimHPA, 1988b 82. Gilbenel  ol., 1976 
23. l l ~ a s ~1987 62. Tsni eta!.. 1979 83. Ward and BAbmns. 1979
* -Variw11,plum6taccxt 

Table 22 Bffcctsrange-low and effects mange-medlm rducs for PCBsand 3P 
comcentcationo uaed to detamine thnc values arranged in ascending order. 

Concentrations (ppb) Bnd Poht 

2.9 Freshwater SLC 
36.6 M n e  SLC 
42.6 Marine SLC 
90 BR-L 
54 Sen Francisco Bay, Califode AET 

5100 Sen Pranclscu Bay, California triad mlnlmum bioeffects CQA 
128 Kinhwaukee River, Illinois benthos COA 
130 PugetSound,Washington AET - MIcmtoxN 
140 Co-t Bay, Washington Moessa COA 
146 ~ 8 n~rancteco~ a y ,~aiifornia,bio-y &A 
151 Sen Pcendsco b y ,  Catlbrnia blassaay COA 

2160 SPn Francisco Bay, California Mad slgniricant bioeffeets LOA 
165 San Peandseo Bay, CalDfornia biwssay CQA
190 mapRiver, Illinois benthos COA 
259 Puget S o d ,  Washington bioassay COA 
260 Sen Prancisco Bay, California AET 
28U EP c h n i c  merfne O4% MC 
368 Commencement Hay, Washington Moaesay COA 
4fj0 BR-M 
400 Southern Callfornte b e n h s  COA 
638 Hudson-Rarltan Bay, New York blonasay COA 

10M) PugetSound,Washington AET - benthic 
loo0 SouthernCalifomls arthropod abundanceCOA 
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1000 SSB with R. abmnfus (PCBs mixed with hydrocarbons) 
"Isr 	 1100 PugetSound, Waehington AL(T -oyeter

llW Pu Sound, Wsshington AJ3T- benthlc 
1110 Bar'timore Harbor, Maryknd bloasslly COA 

11W Southern Cdifornla apeden richness COA 

1303 Southern Callfomlr echinoderm abundance COA 

17M) Black Rock Harbr, Connecticut bioassay COA 

W X )  Puget Sound, Washtngton AET -amphlpod 

3100 Pu Sound, W~hlngton ABT -amghlpod

43013 *Union, Washington toxicity C A 

10800 SSB with R. abronius LC50 


3$W Waukegan Harbor, IlUnois bioassay COA 

1141300 Waukegan Harbor, lllinois bioassay COA 


DDT and Metaboll'rcs 

Data and estlmatee of threehold concentrations have been reported as the concentrations 
for each of the slx isomem (p,pDDT, o, DDT, p,pDDD, o,p,-DDD, p,pDDE, 0, DDE); as 
the total of the two iaomem each of D& DDD, and DDE; and as the concentra tf-on for the 
total of all six of these isomers of DDT. Therefore, within the limits of data avallabilim, 
the data are treated separately here for each of the isomers and for the total.. Iiowevkr, 
this a proach hes Ule unfortunate effect of reducing the amount of data available for any 
one o the isomers and for the total of the inomem. f 

The criterion to protect heahwater aquatic organlema is 0.001Spm as a 24-h avera 
the concentration should not exceed 1.1 omn $at anv time: the c terlon to Drotect sa twater 
specles is also 0.001 m 88 a 24-h avera&'and the 6onmniration should not'exceed 0.13 ppm
at anv t h e  (U.S. ~$1, Available data indicate that acute toxldhr of DDE occurs at 1986,. 
conc~nt ra t io~  m in freshwater and 14 ppm in salhvakr (U.S. EPA, 1986). as low as 1,050 p
The Z.CSOs for p, -ISDT, p, '-0AD, and p,p'-EX! were 0.45 ppm for a mysid (96-h test); 20 
ppm for spot (48-f test); anBover 1m ppm for spot (48-h test), respectively. 

Data are available for either ,p'-DDT or the sum of 0.p'-DDT and ,p'-DDT from Puget 
Sound ART, San Fran~Itco Ba gloasmys, Palos Verdea bloaasays (wig veq  small sample 
sizes), benthic effects at the Eeor town dispod site, SSB with R,  nbroniae, and varlous 
a plications of 13P a roaches ('l%ble 23). The seven LC50s determined in the spiked 
bPoassays averaged 4 f g  ppb and ran ed from 11.2 to 125.1 ppb, assuming 1 percent MC 
content. The data for p,p'-DDT and 2e sum of the two Isomers were treated as equivalent,
since o,p'-DDT was rarely re ortcd at high conmntrations. There was no concordsnce 
between DDT concentrations Pn %n Prancisco Bay nedlments and effects to bivalve larvae 
ex osed to the sediments; nelther the co-occurrence nor the AET data were used further. 
Lifewise, there was no apprcdable gradlrnt in DDT concentration between samples least 
toxic to amphipods versus those modereiely toxlr to amKhipods among San Pranclaco Ba 
wdiment~.Two of the Puget Sound AETe were not de nltive. These data and the smai 
amount of Palos Verdes data were not used to estimate ER-L and ER-M values (Table 512).
The rematnin data suggest an ER-L of about 1.0 b DDT,the lower 10percentile of the data 
(Table 24). 8 value is supported by EP-based t PKesholde of 0.7 and 1.6 p b (assuming 1% 
TOC content). The data su P@st an ER-M of about 7 ppb, roughly equ vaient to the 50 

rcentilu value of the data. 5%is value is supported by moderate toxlrl to bivalve larvae 
g 6  ppb) and significant toxicity to amphipods (7.5 p b) exposed to %an Francisco Bay 
sediments. With several exceptions, effects werc usudy o Lwed at concentrations of abou!. 6 
ppb or greater (Table 6-32). 



Table 29. Sunmuy of nedimet effect#data avallablt for p,pl-DDT., 

Blologicrl Approaches Concentrattuna (ppb)-
Appuent Effcrb Tbmrhold 

1 1986 PUGm SOUND AET- R. abmniun amphlpod b i o m y- oyster larvae (C, glgas) bioaasay
-benthic community composition 

1988PUGET SOUNDAET- R, abronfus amphlpod Moaeeny- oyster larvae (C, gigaa)bloas~ay- benthic conunmurityrompsition 

SAN FRANCISCO BAY, CALIFORNIA AET 

Co-Occwrencc halyaeo 

SAN FRANCISCO BAY, CALIFORNIA- highly toxlc (67 f 11.8% mortality) to R. abroniw- moderately toxic (338 f 4.7% mortality) to R. abronius- least toxic (18 i 6.6%momllty) to R. abmnlus 

- sisllftcantly toxic (42.9 f 19.2% mortality) to R. abmnius - not toxic (18.4 f 6.0% mortalltyf to R. obronlue 

49 IIALOS VBRDES, CALIFORNIA- significantly toxlc to R.abmniw (n = 2)- not toxic to R. abmnius (n = 1) 

64 GEORGETOWhl OCEAN DREDGED MATERIAL 
DISPOSAL SITE, SOUTH CAROLINA 

no effect8upon benthosspedes richness or abundance 

Rquiltbrium Partitlonlng 

17 RPA acute miwine RP threshold (@ 4% TOC)
EPA chronlc marine EP thrc8tmld (@I4% M C f  

EPA chronic marine EP threshold (@ 4% MC1 
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Tdblc 25. p,pr-DDT (conItrued) 

RIfuencrr Blologlul Approrches Conccnkatlonr lppb) 

BqulllbAum Pdtlonlng 

25 Sediment d e  l m l  kaerd upon oedtmctrt/water partltionlng 
cmfficlent and acute water quality mite& (@ 1%TOC) 210 

13 99 percentile cl~onlcmrlm@asable (sedlmcnt/water
partltlon cneffldart) 0.7 

99 percentile chronlc marl\e pcrmtwabke (sedimentfwnter 
parlition cwfflclent) 0.4 

8plked S&hcnk Biomnap 

16 Ckmd mean LC30for R abmnfw InPu Sund, Wanhington 
sedlmmta (@ 1%TOC) ( ~ ~ 5 0 8ran@%rn 11.2 to 125.1ppb) 49.5 

Refcrencea: 

1. Beller et nl.. 1986 9. S w a m  ct al., 190516. 25. Pavlou. 1987 
2. FTIh v i r o n m ~ t a lSorvicea, 1988 16. Word ct al, 1987 64. Van Dolahe11L. 1984 
4. Bolton a1 RI., 1985 17. Lymtm et nl., 1987 * -Vodow, plwo ma tcxt 

Table 24. Effects range-low and effecb range.medinn values far p,p'-DDT md IS 

-aonccntratlons used to dctumlne those values ulrnged ln ascendin6 order. 

Concemtratlons (ppbf End Polnt -
0.4 EP 99percentile chronic marine 
0.7 EP 95 prcentile chronic marine 
1.0 ER-L 

6.4 EP chronic marine 434% TOC 
6.6 San Francisco Bay, California, bio~may COA 
7.Q BR-M 
7.5 San Francisco Bay, California, bioassay COA 
9.6 San FranclReo Bay, California, AET 

11.0 Pugct Sound,Waddngton, AET - benthic 
12.2 San Francisco Bay, California, bioaasay COA 
34.0 Pu t Sound, Waehington, AET - benthic 
49.5 SSrwith R. ntnonfw: overall mean LC50 

210.0 EP acute safe lwei@ 1%TOC 
840.0 EP acute marine @ 4% TOC 



f R t zhg,'-DDB Mmer or total DD& data are available from Puget Sound ART, San 
!* FYW##COb %4.and ART, Palm Vmdes bhmasuys and k n M c  commud anrlyw,

Mlg &&pl Aver & i o ~ M y ~ ,benthic communl anal at  the Georgetown d? sposel uite, 
and NnlpU.s upen of the BP appmachee (TaIle d ? ~ o  effects upon benthos at the 
Ocb&@awn rlte were obierved at concentration# below the llmlte of d r t b n  of 1W) ppb:
h W W unro00~0danezbetween DDE concenbntlo~inSM Randm Be and algnlflcantly 
toac VWJIURnon.toxlc tutmples mted with bivalve lame;nor for aod"tmente that were 
.N@y versus moderately toxic to Mvalvee or moderately veraus least toxic to am hlpods.
Zaw ruwivrl of Hemgmta sp. exposed to Mcleilu?gpi River diment  was od i n only 
one ample and there was a very small gradlent in DDE concentration amo 
therefom, thew data were not used in estlmslfng BR-L and ER-M values (Table%""P'"13). The 
wmUd data (Table 26) sugjpst an BR-3, of about 2 ppb, the lower 10 rcenllle value of 
U\e avagble data. Thb value is su 2 AET and Momsay data R"om San Pranctsco 
Ba sediments tested wlth R. abron us amp ipods and blvalve larvae (2.2., 2.2, 2.1, 2.2k). Effects malmo~talways w!awoclation with concentrations e x d i n g  2 ppb
Fable 8-13]. The 50 percentile value of the data suggest an ER-M of about 15 ppb, a value 
supported by relatively few data polnts: Puget Sound ABTs of 9 and 15ppb. 

The degm of confidence in the p'-DDE BR-L and BR-M values should be considered an 
moderate and low, reepeotively. &'ere are few data btn available and no ~neasuresof 
effectsbused upon SSBs. An a parant effecte UImholf Ocould not be determined due to the 
lack of sufficient data. The EE-L value is supported by a small cluster of date from San 
Frandsco Bay. 

Table 25. Summary of redlment effects data avallable f a  DD& 

Appuent Effects Thnshold 

1 1986 PIJGBT SOUNDA33T- R.abronius amphipod bloassay
-benthic community composition 

2 198s PUGKTSOUNDART- R. abronius amphipod bioassay
-benthic community composition 

SAN FRANCISCO BAY, CALIFORNIA AET- bivalve larvcle bioama- R. abronius amphipod 8'ioassay 

Co-occurrence Analyoeo 

SAN FRANCISCO BAY, CALIPORNIA- hlghly toxic (67 f 11.8% mortality) to R. abroniw- moderately toxic (33.8 f 4.7% mortality) to R.abmniw- least toxic (18 f6.6% mortauty) to R. abronius 

- significantly toxic (42.9 f 19.2% mortality) to R. abronius- not toxic (18.4 f6.0% mortality) to R.abroniua 

- highly toxic (92.4 f 45% abnormal) to bivalve larvae- moderately toxic (59.4 f 11.3% abnormal) to bivalve larvae- loaat toxic (23.3 f 7.3% ahnonnal) to bivalve larvae 

- significantly toxic (55.7 f 22.7% abnormal) to bivalve larvae 
- not toxic (31.9 f 15.5% abnormal) to bivalve larvae 
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Table 25. DDE (continued). 

Refemncer Blologlul Appmachea Concentratiana @pb) 

49 PALOS VERDES, CALW3RNlA - JgnlflcrnUy to& to R. abmirrs 5157 * 1065- not W c  toR Pbronius 3374 f3153- mulor degradation" of macrobenthoa (20.2 ap./O.l m aq.) 5157 f1065 

4 4  bioaeasy- 25% (n = 1 )  survival of mayfi (Hexagmb asp.), 4-d Woassay- 80.100% survival (90 t 73) oYmavfiv (ffnamk sv.). . -
4-d Moaeasy- J5% f 10%aurvival of mid es (C. tmf~ne),4 d  bioassay - 90% f5.8% eurvlvel of mitfpea (C.tmtPns),4 4bioassay 

64 GEORGETOWN OCEAN DREDGED MATERIAL 

D1SM)SAL SIT8. XwI'H CAROLINA 


-no effectsupon benthoe spcdes richnew or abundance <M 

Bqnilibrlum Partitlonlng 

EPA chronic marlne EP threshold (@4% TOC) 

17 EPA acute marlne HP Uveshold (a%TOC) 28000 

25 Safe level baaed on dlment/water partitioning cueffident, 
acute water quality crlteria 7 W  

13 99 percentile chronic mculne permissable (sedlment/water 

partition mefficlent) 27 


95 percentile chronic marine prmlseeble (sediment/water 

parWtIon coefficcnt) 60 


Referenceor 

1. Bousrcr al., 1986 13. Pavlou cr al., 1987 50. SwmU aal., 1986 
2. PTIEnvimnm~talServices, 1988 17. Lyman 61 al., 1987 69. Marldng el ol., 1981 
4. Bolton cr 01.. 1985 25. Pavlou. 1987 64. Van Dolsh cr 01.. 1984 
5. ~ e f fCI (I[.. 1986 W cr d..1985 * - ~ a r i o ~ ~ . p ~ ~sawit49. S ~ 



Tale  2& Eff8Cb?UI&6bwand tff- r t-atcdla v&tl for p, '-DDB md W 
COWnh.tl01utm~tm dttamIma the~t0%- mraycd in ucca8bg dm. -
C o n c t n t r ~ U o ~  Bad Polnt@pb) 

UR-L 
Sari Franctsco Bay, CIIUomla, bioa~seyCOA 
San Pranclaro Bay, Callfomln, ART 
San Prawkm Bay, CalUomla, Monesay COA 
Sari Rtanckm 5ay, CalUomta, ABT 

Puget Sound and San Rancko Ba ABT, San Pmndsco Ea bloassa data, Palos Verdes 
b h y  daa, and KP-bald ihreehold's are avdlable f c . p p ' - & ~ ~  ilagle m.There wan 
very small differences in DDD concentzatlon in San rancisco Ray samples that were 
slgnUlcmtl toxic to blvalve larvae vemus those that were not toxlc, so these data were not 
used to esd'mate BR-LMd ER-M values (Table B-141.Also, there was no concordance between 
DDB concentration and towlclty with the eediments that were N hly and moderately toxlc 
to blvrrlvo larvne-thene data wore not used further (Table P14f The Palos Verdee data 

Table 27. Summuy of pediment effects data available for VDD. 

References Biolo~ieal Approaches Concentrations fppb) 

Apparent Wee$ Thrcaltold 

1986PUGBTSOUND ABT- R. abmnius amphipod bioassay 

-benthic community cornpsitin 




TIbh 27. DUD (continued) 

Reference* Biological Approaches ConcenI ra lo~(ppb) 

Appumt Effects Threshold 

2 1988PUGBT SOUND ABT- R. abronitrs amphipod bioassny 43 
-benthiccommunitycornpodtion 

D 
16 

SAN FRANCISCO BAY, CALIFORNIA, AET- bivalve l a m e  bloasuag 16- R,sbronius amphlpod loamy 16 

CcOccurcence Ana ly~u  

SAN FRANCISCO BAY, CALIFORNIA 
- hlghly toxlc (67 f 11.8% mortellty) to R,abronius I f 2- moderately todc (33.8 f 4.7% mortality) to R, abronius I f  1- least toxic (18 f 6.6% mortality) to R. abroniua I f f  

- elgnlflcantly toxlc (42.9 f 19.2%mortality) to R. abwnius 1 4 2- not toxlc (18.4 f 68% mortality) to R. abroniue 2 f 0.1 

- hlghly toxlc (92.4 f 4.5% nbnoml) to blvalvc larvae 1f 0.3- moderately toxlc (59.4 f 11.3%abnormal) to blvalve larvae 16f 23- lcast toxic (23.3 .L 7.3% abnormal) to bivalve Iawae 10f 7 

- elgnlflcantly toxic (55.7 f22.7% abnormal) to bivalve larvae 13f 21- not toxic (31.9 f 15.5%abnormal) to blvalve larvae 13f 9 

49 P A W S  VERDES SHELF, CALIFORNIA- sigrlficantly toxic to R. nbronius (n = 3) 1090.7f 573- not toxic to R. abroniua 324 ).3873 

64 GEORGETOWN OCKAN DREDGED MA'ERIAL 
DISPOSAL SITE,SOUTH CAROLINA 

-no dfects upon benthosspeclee richnessor abundance 40 

17 EPA acute marlne EP threshold (63 4% TOC) 13000 

4 EPA chronic marlne EP thrahdd 1@4% TCC) 130W 

13 99 percentile chronlc marine pormlssablc (631%MC) 6 
95 percentile chronlc marlne permlmble (81%TOC) 22 

25 r4ment  safeIffel baed upon sedlment/water partitlonlng
coefficients and acute water quality criteria ((P 1% TOC) 32% 

References: 

1. Bclla el al.. 1986 13. Pnvlou n al.. 1987 49. Swnaz CI d.. 1985 
2. PTIBnvImnmcnral Sewices, 1988 17. Lynlan el d..1987 64. Van blah  el d,,1984 
4.  Bolton el 01.. 1985 25. Pavlou, 1987 * -Various,plcasc sea EXL 



Tciblm 28. E%& ranplow .adeffecla rragc-medim valuer for p,pV-DRDand 7 
coacmWUtanr ured to determine t h n e  valuer a w e d  in mcmding cuder. 

R CoacmtrUatu (ppb) End Polnt 

Puget Sound, WaaNngton, ART - benthlc 
ntlle dvonlc marlne (P 1%TOC 

\Vanhlngton, ART - benthic 
RP.M
"*....* 

tile chronic madne B 1%TOC 
Waahln@on, ABT - amphlpod

EP Acute Safe h e 1  Q 1%TOC 
EP Acute Marlne 8 1%MC -

Data avatlable with which to evaluate total DDT (a summation of all the quantified 
isomern) Include thoee fmm outh hem California bloasaeys and benthk communltlrs; Duhge
River benthlc eommdtles; %Inlty River bloassnys; SSBs performed wlth Nerds olrms, 
Crangon eeptbmeplnona, H allella azteca, and R. abronlus; and varloue applieatlons of EP 
approaches (Table 29). ' de  DDT LC50 for the C. ecplms noea aediment btoasoeye wao 
reported aa ug/L in the data table and ug/kg in the text (Mc cew, and Metcalk, 1980); It was 
aasumcd that tho unlta of u /kg were correct and they were used in the present document. 
There was no concordance %atween mean DDT concf?ntmtions and both hl h and moderote 
total abundance and high and moderate species richnesa nmong sauthern 8 alifomis benthlc 
communltlm, w, these data were ~t used in the estimntion of ER-L and BR-M values (Table 5 
15). The lower 10 p c m t l l e  of the remainin data (Table 30) auggest an BR-L value of about 
3 b, a value poorly wpported b two EF-darlved threaholda (1.58 and 3.29 ppb) and e 
fwTlwater SLC (1.9 p b). value equivalent to the 50 percentile of the available The BR-5 
data is about 350 PI!$, a value su~vorted by obeervatlona of moderate abundancea of 
anthropods in southbin Collfomla eedtinents ( m k  350 pb) and low tam rlchnens 111 DuPa 
River macrobenthos ( m a n  222 mb). The wries of d' SBa with H. azteca demonstrate t i?e 
itn rtance of 0%.anic carbon "lh regulating bloovnllablltty, and, therefore, toxictty of 
ament-asuociat4 DDT. There was no overnU apparent threshold in concentration of total 
DDT above which effect8 were usually or always observed (Table B-15). The degree of 
confidence in the EK-L and ER-M values should be considered as moderate. A moderate 
amount of data are available and they arc from all the major approaches, howevcr, there in 
very little cluetering of the data. 

Table 29. Summary of redlment effecln data avatlable far total DDT. 

Rderancer Biological Appxoaches Cor~centrations (ppb) 

Co-Occurrence Analyrea 

20 PSDDAGUIDELINES(based upon Pugct Sound AET) - ac&g level concentration 6.9- maximum level crlterlon 69 

% SOUTHERN CALlFORNIA- significantly toxic (51.7% mortality) to G. japonicn- not toxic (23.2% mortality) to G.japonica
(Includes Palos Verdes sample) - not toxic (213% mortality) to G. japonica
(excludes I'dos Verdes sample) 



1 DDT .tu)tif!nued) 

Refewncer 	 Blologlul Approache@ Conocntratlo~(ppb) 

ccoccumaoc Anrlyrcs 

83 - Ngh echlnodenn a b u n d m  (1913f70.1/0;1 eq. m.)-maderateechhdemaburdance(%.W/O.l aq, m)- low aNMderm abundance(6.1f72/0.1 q.m) 

- hlgh arthropod abundance (148 f58/0.1 .m)- moderate arthro abundance (72.6 f630.1- low arthropod a z u u e  (953 fl5.8/0.1 q.3 
- high epxies dchnese (96.3i22.3/0.1 sq.m)- modcrate speclee richnew(72f33/0.1 m.)
-low spciesrl~hnct~ 	 14190 I: 40200(51.2 f8.6/0.1 sq.3 
- hi& total abundance (88.9 f35A/0.1 m.) 	 353005 59540- moderate tutnl abundance (75.6 f 12.7% q.m.)- $owtotal abundance (57.6 f:136/5.I aq. m) 


60 DUPAGB RIVER, ILLINOIG
- least number of benthic macrohvertcbratc tnxa (6.7 f:2§/dte)- higheet number of benUllc mamlnvertcbrate rara (158 k 2/altel 


75 TRINlTY RIVER, TEXAS
- slgnlficant mortality lo D.magna- low mortality to D. n u r g ~  

Natbnal Sffeenlng Level Concenbatio~ 

5 	 For freshwater sedhenta (P 1%TOC 

For marine aedimonts i@l%TOC) 


14 	 For marlne ecdimcnte (PPl%TOC) 

Bqulllbdum PPrtlUanlng 

15 Sediment-water partitioning coeffifident/marlne chronic criteria 

(1% TOC)


Mimnt-biota partitioning cwfficient/marine chronic crltcrfn 

(1% TOC) 


6 BPA interim marlnc sediment quallty criteria based upon BP O 

1% TOC 


35 	 Lethal threshold In freahwatcr bascd on Koc coefficients 

Spiked-Sedlmont 810a6snys 

42 LDSO for aicket nymph, G.pmngfluanicus in 1Bh bioassay 

24 LC50 for N,airms in 286-h bionassy (no deaths) 

24 LC50 for C.scptmepf~g(rin 97-h btoaseay
Lethal threshold for C. scptcmspinosa 
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13420.0 Southem Gllfornia arthmpols abundlnce COA 
14190.0 Southem Califom& apecles rlchnw CDA 
18260.0 Southern Callfmhechinodam abundana COA 
19600.0 SSB LC50 H. pztm bloaaaay (P 7.2% TOC 
497OU.O SSB LC50 H.nzterrr bloasaa 8 105% TOC 
62732.0 9SB LD50 cricket nymph dmssay 

Some of tho DDD coneentrationn (1 to 16 ppb) in Puget Sound and Sjn Frandm Bay 
sediments aaaoclated with toxld were at the low end of the range and relntively similar to 
sonbe of the tthrcholds predlct 3by the EP a roach, however, they differed connlderably 
from the mean DDD concentrations (324 to 18ppb)obanwd off Palos Verdcs, CallfornIa. 
There are relatively large dlsparitles among the available data for total DDT from the 
=me and different approacheil. Values derlved for total DDT from BP a proachm (1.58 to 
45.9 ppb) dlffer considerably from thow derlved from SSBn with mnrlne a J'mals (31 to 16.500 

b). No deaths were observed in N. virms exposed to 16mppb total DDT; whereas, an %o of 31 ppb and a lethal threshold of 20 ppb wene calmlalLd for bloamya performed 
with C, sqtmspinosa. Prpsltwater and saltwater SLCs for total DDT dlffered by over two 
orders of mgnltude. Chmnlc thresholds predicted by thc BP a roach differed by about four 
ordem of ma hlde from mean concentrations emdated with ow echinoderm abundance off car" P' 
southern ifomla, an area well documented to be hlFhly contaminated with DDT and 
metabollten (Word and Meam, 1979). Some of the B -derlvcd thresholds for the DDE 
Isamera exceed thoae derlved for total DDT. Overall, the d of confidence in the BR-L 
and ER-M value0 for DDT and metabolltcs should be consired an relatively low, molnly 
rlncc there are relatively Large inconslstendes in the data derlved from dlfferent 
and dlfferent uacs of some of the name approaches. Thcsc 
difference# Inorganic earbon content of test sedlinents or other 

In bloawaye of marlne Neh nnd macroinvertebrntes, 96-h LC50s of 0.077 to 190 ug/L 
(ppm) have been obecrved for lindane in saltwater (Mayer, 1987). Data with which to 
aeaoclate llndane concentrations in aedlments with measures of effects are reatrlcted to 
predictions based u n the EP a pmach (Table 31). A few samplm tested wlth amphipod 
and bivalve larvae goloassays in &n Prandsco Bay had measurable amounts of lln- (up 
to 1.9 b dry weight), but most of the samples were not tested for thlo pestldde or had no& 
detect& ~:oncentratlona, mcluding use of the data to determine ER-L and ER-M values. P abilities, not on AHT The PSDW.4 screening leve conantration was baed upon analytical ca 
or other measurea of effects. No effects among benthic communltia at &~eorgetown, South 
Carolina dum site were obwrved in samples that had less than the detection llmits of 50 
aub Iindane. tthe remaining data from the EP amroach vredict that effects would occur at 
;;ncentratlons rnngln from-1 57 to 12 ppb dry wsght able 31). These dnta ore insufficient 
to determine m-Lan8 BR-M ;dues. 



WdbkmdL B m dr c d w r M K b  dal0maihble fQc hdmu 

Co4reolnance M y w  

sm PEkAMQSCO w,CAmm- highly to& (67 f 11.8%mrtrllty) toR a b d w- moderately toxic (3311 f 4.7% mortality) to R abmniw- lorst Wxlc 118f 6.6% mortality) to R. abmniur not deQctrd 

- dgnManUy toxtc (42.9 )192%mortality) to R. abtmdw 
not WC(18A f 611% aurtdity)to R. a h d w  ~t detected 

- highly tcndc (92Af 4.5% abnom1) to bkvalve larvae not deiecbed- moderately toxlc (59At 11.3%abnormal) to bivalve larvae- least toxic (233f 7.3%abnormal) to bivalve larvae 

- shgnimntiy torjr (65.7 f 22.7% a b n o d )  to blvalve larvae- Mt toxic (31.9 f 153%abnormal)to bivalve larvae 

64 GBORGBTOWN OCBAiiDaBDCBD MATERIAL 
DISPOSAI. SITB, SOUTH CAROLWA-Meffect8upDnbentlux specla richness or abundbnce 

BqullIbdum PdUonlng 

6 BPA lnterlrn marine aedlment quality crlbmla O 1% XX: 

4 EPA chronic marine BP Uueshald (@ 4%TOC) 

25 Sedlmmt & level baeed upon eediment/water partltfonlng
Coefficlants and acute water quality crlterla (a 1% TOC) 

Reference8 Bmdcground Approach Conccntrcrtlonr (ppb) 

12 USGS alert level to flag 15-2096 af santplcs analyzed 

20 PSDDA guldellnea (baaed upon onalytlcal capablUHea) 

References: 

4. Bolmn aal.. 1985 20.U.S.ACOB. 1988 64. Van b l a h  cf d.,1984 
6. EPA, 1988 25. Pavlou, 1987 * -VIuious,pltssc sce text 
12. Pavlou and W w n ,  1983 



The d e r  of confidence in these values for chlordane should be considered a? low. Two 
of tho EP erived chronic thresholds are very low compared to $he CD.rJ-mrrence and SSB 
data; S3Bs have not been pcrformcd with sensitive infaunal organlams ouch ae amphipode;
and the abundance of data from San Francisco Bay where chlordane concentrations are not 
porlinrlarly high may have bin& the determination of the ER-L and ER-Mvalues. 

Table 32 Summbly of sedlmcnt effects data avallablr for chlordane.-
Heferonces Blnloglcal Approaches Cancentrattom (ppb)-
Applrcnt Bffecb Thnmhold 

* SAN PRANCISCO BAY, CALIFORNIA AET- bivalve lorvae bioassay- R. abronius amphipod bioassay 

Co-occurrence Analyses 

SAiJ FRANCISCO BAY, CALIFORNIA - highly toxic (67 f 11.8% mortality) to R. abronius- moderately toxic (33.8f 4.7% mortality) to R. abmnius Not detected- least toxic (18 f 6.6% mortality) to R,abronius Not detected 

- significantly toxic (42.9 k 19.2% mortality) to R. abronius - not toxic (18.4 f 6.846 mortality) to R. abronius 

- highly toxic (92.4 f 4.5% abnormal) to bivalve larvae - moderately toxic (59.4 f 11.3%abnormal) to bivalve larvae- least toxic (23.3 f7.3% abnotmal) to bivalve larvae 

- significantly toxic (55.7 f 22.7% abnormal) to bivalve larvae 
- not toxic (31.9 f 15.5% abnormal) to bivalve larvae 
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'&me./& rnMrac<Cadtlallca, 

Rcfucncer BL(11qics.l Approaches 	 ~once~trat iow@pb) 

~~~~nee Arulym 

75 	 T R I N r I Y r n R r n ,- aignlficsnt mortallly ta D,m n g ~  	 313f29.4- low mortality to D. m ~ g ~ 	 1.7 * 23 

60 	 DUPASE RIVER, ILLINOIS 

-least number of benthic macroinvertebratetam 


(6.7 f25/rite) 	 25 k 22.3- Ngheat number of benthlc mamoinvertebrnte tam 
(15.8fZ/stke) 	 8.3 f 4.3 

64, 	 CBORCBTOWNOCEAN DREDGED MA'ZERIAL 
DEPOSAL SITE,SDUTN CAROrnA 

-noeffectsuponbenthos spedesd W  or abundance <50 

HqulUbflum PdUonlng 

95 percentile chronic marine pmissab1e 
(eediment/water perlition cwff lclent) 0.6 

99 percentile c b n i c  marine pemciasable 
(sediment/water prtition coefficient) 0.3 

Lethal threshold in freshwater based on Koc coefficients 17.4 

Splked Bedfment Bloplrap 

LC50 for N.v f r m  

LC50 for C. slpfnnspinow 	 120 

References Background Approach 	 Coneentratlona (ppb) 

BDDA guidelines (baaed on anelyticel capisbilly)
scrrenlnglevel concentrations 5.0 

USGS alert levels to flag 15-20%of ssrnptee analyzcd 20 

Referenres; 

12. Paviou and Weston, 1983 60. Illinois EPA, 1988a 
13. Pavlou et al., 1987 	 . Van Dolah et at., 1984 
20. US. ACOE, 1988 	 75. Qasim ct d., 1980 
34. McLeese d a!., 1982 	 * Various, please see text. 
35. McLeese and Metde,  1980 
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corcentr~eo~ Bnd Point(ppw 

0.3 BP 9I, prcentile chronic &ne 
0.5 BR-L 
0.6 EP 95 percentile chronic marlne 
2.0 SPn Francisco Bay, CaUIomta, ART 
35 San Pranclsco Bay, California, b l o w y  COA 
35 Snn Pranclsco Bay, California, bioaariay CQA 
4.1 San Pranclsco Bay, Ca!ifornia, bioassay COA 
6.0 BR-M 
6.4 San Prandsco Bay, Califomla bioassay COA 

17.4 EP freshwater lethal threshold 
25.0 W a g e  River, Illinois, benthos COA 
31.3 Mnlty Rlver, Texas, bloassay COA 
120.0 SSB LC50for C. e t r m ~ m w  


45800.0 SSB UJO for N.gem 


Heptachlor 

The 96h. LC508 for heptachlor In water range from 0.03 to 3.8 u /L (ppm) for estuarine 
organisms (Mayer, 1987). The LC50 for heptachlor epoxlde, a f e  adaetion product of 
heptaohlor, was 0.M ppm in a bioassay with pink shrimp (Mayer, 198x 

Table 34. Summaw of sediment effectn data avvlllable for heptachlor. 

References B1ologIcd Approaches Concantration8 (ppb) -
National ScceenIng Level Concentrat,lom 

Equlllbrium PaMHoning 

95 ..percentile chronic marine pennissable

(nediment/water psrttlion cwfflcfent) 


13 
0.06 


99 percentile chronic marine permissable 

(Rcdimont/water partition zoeffident) 
 0.04 

SplkediSodlment Bloaclsayr 

42 4192LDSO for cricket nymph (G.pmnsylanicw) 



I.: 

. . qi\ilt@.- w, d walment.*fee(, data wnilnblc for lupt.ehlm. 

' R ~ ~ ~ x ~ u c I c  B-und A p p d  Connntrntionr tppb) 

USGS alert lev& to fhg 1520% of samples analyzed 12 20 

5. Neff et al., 1985 20. U.S.ACOE, 1988 
12. Pavlou and Weston, 1983 23. Jm,1987 
13. Pavlou d al., 1987 42. Harris, 1964. 

Dlsldrln 

The 9frh LC509 for dielddn range fmm 0.7 ug/L to 10 ug/L as determined with estuarine 
or&enlsmotoeted in waier (Mnyer, 19871. 

$ediment.related effect8 data are available from San Prandseo Bay bioassays, Trinity 
Rlver bloassays, DuFa e River benthos etudlee, Klshwaukee River benlhos studles, a 
treahwater SLC, the E# approach, and SSBs with two species (Table 35). The four San 
Francisco Bay ~amples that were hlghly toxic to bivalve hwae were not tested for dieldrin 
concentrations. There was llttle or no gradient in dieldrin conoonhations among other San 
Francisco Bay samples. 'Phere also was no gradient in dieldrin concentration behveen Trlnity 
River sediments that were hi hly toxic to Daphnia venue those that were not toxic. These 
data were not considered &(Table Y)-171. The lower 10 percentile of the remalnln data 

t w HR-L of about 0.02 ppb, a value su ported by two EP thrashold8 (0.01 and 0.d b)
36). The data au st an BR-M of aLut  8 p b a value su ported by Ktshwaufee 

River benthic data (mean 7A ppb), and San F r a n d w k y  Mosasay Bata (man 8.2 ppb). No 
overall effecte Weshold is apparent 

The degreeof confidence in the ER-L and EB-M vahm for dieldrin should be consldereol an 
low. A small amount of data are available; much of the cwccurrence data are from San 
Pranclwo Bay where the range in dieldrin concentrations is low; different uses of the BP 
approach resulted in predicted concentrations that differ by five orders of mngnltude; and 
t w d n pdent e f kcd aediment bloassays resulted in LC506 that dlffered by four orders of 

"pi o. In nd itlon, the ER-L is supported only by theoretical EP-derived concentrations 
an not verified by empirical evidence. 



r, 

6; TWlt.SA hnmuyafmedime~teFfecbdata avlllable for dlelctrih 
$:.
*. 

* SAN FWNCISCO BAY, CALIFORNIA ABT- blvalve larvae bioaesai!-R abroniue ampMpod loassay 

SAN FRANCISCO BAY, CALIFORNIA 

I 
- highly toxic (67 f 11.8% mortallty) to R,abronius- moderately toxlc (33.8 f 4.7% mortality) to R. abronius- leaat toxlc (18f 6.646 mortality) to R. nbronius 

- slgnlficantly toxic (42.9 f 19.2% mortality) to R. abmnius- not toxic (18.4 f 6.8% mortality) to R, abronius 

- highly toxic (92.4 f 4.5% abnormal) to bivalve larvae - moderately todc (59.4 f 11.3% abnormal) to bivalve larvae- least toxic (23.3 f 7.3% abnormal) to blvalve larvae 

- significantly toxic (55.7 f 22.7% abnormal) to bivalve larvae- not toxic (31.9 f 15.5% abnormal) to bivalve larvae 

75 TRINITY WER, TEXAS- significant mortallty to D,magna- low mortality to D,m a p a  

no data 
8.2 f 8.1 
5.2 f 1.2 

60 DUPAGE RIVER, lLLWOIS- least number of benthic macroinvertebrate tam 16.7 f 2.5/site) 16f12.1- highest number of benthic macroinvertebrate t& (15.8 f 2/slte) 5.6 f 2.2 

61 KISHWAUKEE RIVER, ILLINOIS- leaat number of benthic mamolnertebrate taw 
(8.4 * 0.5/slte) 7.4 f 4.8- highest number of benthic mecroinvertebrate tara 
(16.3 f 4.6/site) 4.3 f 2.1 

64 GEORGEXlWN OCEAN DREDGED MATERIAL 
DISPOSAL SITE, SOUTH CAROLINA- no etfccts upon benthos specles richness ar abundance 

Natlonal Screening Level con cent rat lo^ 

5 For freshwater sediments @ 1%TOC 0.21 

13 95 percentile chronic marine permlvsable
(sediment/water partition coefficient)

99 prcentile chronic marlne penniwble 
(sediment/water partition coeffldent) 

'4 
35 Lethal threshold in freshwater based on Koc coeffldcnts 11.9 

6 EPA interim mean marine sediment quality criteris @ 1%TOC 57.7 
EPA interim mean freshwater sedlment quality cdtetia @ 1%MC 199 



W l a  85. Wlclilrln (continued) 

References Biologtcal Approaches 

Spiked Sedlment Bioasrays 

34 LC50 for N,drens 

35 LC50 for C. ~ e p t m ~ ' n o s u  

References Background Appmaeh 

ConcentreMona (ppb) 

Concentrations (ppb) 

20 PSDDA guidelines (based on analytical capebility) 5.0 

12 USGS alert levels to flag 15 to 20% of samples analyzed 20 

43 New England interim high contamination levels for dredge material 100 

REFERENCES 

5 .  Neff el al.. 1986- - ~ -~ ~ .~. ~ .  
6. EPA, 1988 

12. Pavlou and Weston, 
13. Pavlou et al., 1987 
20. U.S .  ACOE. 1988 

35. McLeese and Metcalfe, 1980 
43. NERBC, 1980 . Illinois EPA, 1988a 
61. Illinois EPA, 1988b 
64. Van Dolah ct al., 1984 
75. Qasim et at.. 1980 
* Various, please see text 

Table 36. Effecls range-low and effects range-median vllues for dieldrin and 14 
concentrations used to determine these values arranged in ascending order. 

Concentratlona (ppb) 

0.01 
0.02 
0.02 
0.21 
4.1 
6.6 
6.6 
7.4 
8.0 
8.2 
10.3 
11.9 
16.0 
57.7 
199.0 
13W0.0 

End Point 

EP 99 percentile chronic marine 
AR-L 
EP 95 percentile chronic marine 
Freshwater SLC @ 1%TOC 
SSB LC50 for C.Sepfe?l l~~€fl
San Pranciuco Bay, California AET 
San fiancisco Day, California AET 
Kishwrnukee River, lllinois benthos COA 
ER-M 
San Francisco Day, California bioassay COA 
San Francisco Bay, California bioassay COA 
EP freshwater lethal threshold 
DuPage River, Illlnols benthos COA 
EP interim marine criteria 
EP Interim freshwater criteria 
SSB LC50 for N,oirens 



Aldrkr 

The 48-h 3C506 for aldrin teeted with plnk shrimp (Pnacus duorarum) and blue erab 
(Callincctur sapidus) were 032 and 23 ug/L, respectively; and the 48-h LC5b for spot 
(Moetmnw rrmthuruo) and muUM (Mud ccpknlm) were 3.2 and 2 u /L, ma tlvely (Mayer, 
1987). The erlteria to protect freshwater and marine aquatic 118 are 3 . E n d  19 ug/L, 
respectively (U.S. BPA, 1986). 

Table 37. Suuimuy of sediment effect8 data available for p l M n  

References Biological Appru~ches Concentrations (ppb) -
Appiuent Bffecta Threshold 

D SAN PRMiCISCO BAY, CAUPORNIA AET 
- bivalve larvae bloa4aa 2' >1.9- R, abronfus amphlpod loassay >1.9 

C:o-oecumnce Analyscs 

* SAN FRANCISCO BAY, CALIFORNIA 
- highly toxlc (67f 11.8% mortality) to R. abronius 0.3 *0.5- moderately toxic (33.8 f 4.7% rnortallty) to R. abronius not detected - Icast mxic (18 f 6.6% mortality) to R. abmnius detected in one sample 

- slgnlflcantly toxic (42.9 f 19.2% motdity) to R. abmnius 0.1 *0.4- not toxic (18.4 f611% mortality) to R. crbronius 1.0 f 1.3 

- hlghly. toxic (92.4 f 4.5% abnormal) to bivalve larvae not detected - moderately todc (59.4 f 11.3% abnormal) to bivalve larvae 0.2 fOA - least toxlc (2363 f 7.3% nbnormal) to bivalve larvae 0.5 f 1.0 

- slgniflcantly toxlc (55.7 f 22.7% abnormal) to bivalve larvae 0.1 f0.4- not toxlc (31.9 f 15.5% abnormal) to bivalve larvae 1.0 f 1.3 

Equllibrlum Putltioning 

95 percentile chronlc marine permissable (sedhent/water 
partition coefficient) 8.4 

99 percentile chronlc marine permissable (sediientlwater 
partltlon mefflclent) 4.3 

4 EPA chronic marine BP threshold @ 4%7YX: 21.0 

a4 
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25 
5.2 

Reference8 Biological Appmachee Concentratiom (ppb) 

Sediment safe levels heed on sediment/water partitioning 

coeffidents and acute water quality alterla BD 1%TOC 


References Backgru . Appmach Concentratlona (pp'b) 

20 PSDDA guidelines (based on analytical capabtlity) 5.0 

12 USGS alert levels to flag 15 to 20% of samples analyzed 20.0 

References: 

4. Bolton d al., 1985 20. U.S. ACOE, 1988 
13. Pavlou eI al., 1987 25. Pavlou, 1987
* Various, please see text 

Endrln 

The 96h LLC50s for endrfn tested wlth a variety of estuarine organisms ranged from 0.037 
to 1.2 ug/L (Ma er, 1987). The concentration should not exceed 0.18 ugfL in freshwater or 
0.037 ug/L in saI' twater at any time (US. EPA, 1986). 

A relatively small amount of data is available for this peoticide in sediments (Table 38),
however there a* data from most of the major approaches to the development of crlterta. 
Matching chemical and toxicity data from the Trinity Rlver are available. Data from 
various uses of the EP approaches and from two SSBs are available. None were eltmtnated 
from conaideratton in the determination of the ER-L and ER-M values (Table El&). Effects 
are predicted at concentrations of 0.01 to 321 ppb by the EP approach. Splked sediment 
bioassays performed wlth thme s ies, indicated LC5Cs that differed by near1 J three ordere 
of magnitude. The ER-L and ~ ~ E v a l u e s  Theare 0.02 and 45 ppb, respechvely ( able 39).
ER-L value is sup rted by two EP-predicted concentrations. 0.01 and O M  ppb, and the ER-M 
value is support ecr'by an LC50 for Crangon s c p l ~ ' m 6 pin spiked bioassays (47 ppbb). 

The ER-L value (0.02 ppb) Is not supported by any empirtcel biologics1 evidence from 
laboratory or field studlea and the degree of confidence in the value should be considered as 
low. The ER-M value (45ppb) & supported only by the LC50 from a SSB (47 ppb) and not by 
evidence from testa of mixtures, as would be experienced in the field; thereio~, the degree of 
confidence in the ER-Mshould alsobe considered as low. 



75 m n RIVBR, TEXAS- eignificant mortality to D. magna- low momUty to D.m a w  

64 GBORCBTOWN -AN DaaDGBDMATHRlAL 
DISPOSAL SI'IS, SOUTH CAROLINA- no effectsupon bertha speciesdchnessorabundance ~50.0 

Rqullibrium PPrtltionlng 

15 Sediment-water partitioning cwffldent/mrinr chronic crlteria 
d%TQC) - ., 

174.0 
Sediment-biota ~itrti~~ninp.coefffcient/marine chronic criterla 
(l%rn)' 

-
321.0 

13 95 percentUe chronic marine pemu'ssable (sediment/water 

partition coefficient) 0.01 

G EPA interim marine sediment quality criteria 1%T(X 2.15 

6 EPA interim freshwater sediment quality criteria 1%TOC 10.4 

35 Lethal threshold in freshwater based on Koc coefficients 15.4

I Spiked-Sediment Bloaaanys 
34 LCK)for N. mrm 

35 LC50 for C.s c p t e m ~ m  

I Reference Background Appmach Concentrations (ypb) 

12 USCS alert levels to flag 15-2056 of sample8 analyzed 20.0 - -
Refcrencer: 

6. EPA.1988 34. McLeeac et nl.. 1982 
12. ~avl'ouandWeston, 1983 
13. Pavlou el al., 1987 
15. JRBAssodaks, 1984 

35. McLeese and '~etcalfe,1980 
64. Van Dolah ct at., 1984 
75. Qasim et al., 1980 
89. Nebeker et 01.. 1989 



Table 89. 8ffecls range-low uul effects naymedlm vduem for en% and 19 
concenhalio~u ured to detumlne these .value8 arranged in ucendlng order. 

En& Point 

EP 99 percentile chronic marlne 
0.02 	 ER-L 


EP 95 peml i l e  chronic marim 

EP interim d n e  criteria O 1%TOC 

EP interim freshwater crlterle @ 1%TOC 

EP freshwater lethal threshold 


SSB LC50 with H. azfwFO 6.1% TOC 
SSB LC50 with H,azteca FO 11.2% TOC 
SSB LC50 with N. oirew 

Mlrex 

P: 
Acenaphthene 

Puget Sound AET, several EP-derived concenhations, data from bioasaays of dglution 
wries of Black Rock Harbor and Eagle Harbor sediments, and cwccurrence concentratione are 
available for acenaphthene (Table 40). The co-omumnce data are from Commencem?nt Bay,
Eagle Harbor (an area with documented high PAH concmtrntio~)), San Prnndsco Bey, and 
southern California. Thc bioassay data from San Franciwo Bay indicated very little 
concordance with acenaphthene concentrations or a small gradient in concentratlona, so 
neither the co-occurrence analysis data nor the AET concentrations were used in thc 
determination of ER-L and ER-M values (Table 8-19). Also, the southern California bioam 
data showed no concordance with the acenaphthene concentrations. Because of a s w d  
gradient in the acenapkhene concentr&tions in Black Rock Harbor sediments, those data a h  
were not used further. The samples from both Commencement Bay and Eagle Harbor that 
were moderately toxic to amphipods indicated a satall elevation in acenaphthene 
concentrations over tho* that were least toxic; thus the data were not used for ER-Land ER- 
M determinations. 

The lower 10 percenlile of the remlning data su eut an ER-L of about 150 ppb (Table 
41). This value is supported by o b x ~ a S o n s  of d r a t @  toxid of Commenament Bay 
sediments to oyster larvae (.mean 118.5 ppb) and the predicted L&. m amphipod bioassays 
of a dilution series of Eaglc Harbor x d i i n t s  (150 ppb). Except for the observations of low 
and moderate toxlcity to amphipods ir. Eagle Harbor sediments, effects were usually 
observed in o.risociation with a ~ e n a p h t ~ n e  pb or The data concentrations of 150 atcr. 
suggest an E:%-Mof about 650 ppb, a value supported by a Puget ktund &T for amphipod 
bioassays (6'30 ppbi and observations of highly toxic Commencement Bay sediments tested 
with amphipods (mean 654 p b). The co-occurrence values from bioassays of Ea e Harbor 
and Commencement Bay s d m e n t s  had very high standard deviations about $e means, 
indicative of the very high variability in these data. All of the concentrations predicted 
by the EP method are in the high end of the range. 
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h e  degree of canfldence in the L..-L and BR-M valws should ire considered as low. 
While an overall apparent effects threshold occurs at & ER-L concentration, there is 
rdlatively par clwterl of the data, the data are mostly fromJWIBof Sound, there 
are no riaglrchemical~9Bdab, and Ule concentrations deri tmm the P methods are 
not consistent with those determined in tests of fleIdaU0cted uedhnents. 

Table 10. Summuy of scdiment effects data avrlhble for ~cenaphthme. 

References Biological Approaches Concentrations (ppb) 

Appuent EffmThslrold 

1 1986PUGET SOUND AET- R. abmnlue am M p d  bioassay 630- oyeter larvae &. gigas) bioassay 500 
-benthic community mmposition 500- MicrotoxTM bioaasay 5M) 

2 1988PUGET SOUND AET 
R.abronius am hipod bioassayP 2m- oyater larvae C.&LIB)bioassay 500-benullc community mmposition 730- MlcrotuxTMbloaseay 930 

20 PSDDA guidelines (based upon Rtp;et Sound AET)- a d n g  level Conmntmtion 63 
- maximum level crlterlon 630 

$AN FRANCISCO BAY, CALIFORNIA AET- blvalve larvae bioassay 9- R. abronius amphipod bioassay 56 

Co-Occumncc Analyses 

SAN FRANCISCO BAY, CALIFORMA 
- highly toxic (67 f 11.8% mortality) to R. abronius 7.6 f21.6- moderately toxic (33.8 f 4.7% mortality to R. abronius 5.4 f 12.1- least toxic (18 16.6% mortaliky) to R. abronius 9.8 f 15.9 

- significantly toxic (42.9 + 19.2% mortally) to R. abronius 5.9 f 16.8- not toxic (18A f 6.8% mortality) to R. abronius :1.Bf 16.8 

- highly toxic (92.4 f 4.5% abnormal) to bivalve larvae 48k18A - moderately toxic (59.4 f 11.3%abnormal) to bivalve larvae 3.3 f 3.9 - least toxic (23.3f7.3% abnormal) to vlvalve larvae 1.8 f 4.0 

- aignlficantly toxic (55,7f 22.7% abnormal) to bivalve larvae 9.4 f 17,9- not toxic (31.9 f 15.5% abnormal) to bivalve larvae 3.0 f5.2 

SO COMMENCEMENT BAY, WASHINGTON - highly toxic (15.7 i 3.9 dead/20) to R. ubltmm'us 654 f fM9 
-moderately toxlc (5.2 f 1.1 dead/20 to R. abronius 127* 117 - least toxic (2.5 t0 4  dead/20) to R. abronius 86f97 

- highly toxic (44.5 f 19%abnormal) to oynter larvae 3 M k W  - moderately toxic (23 i 23% abnormal) to oyster l m a e  119f105- least toxic (15.1 k 3.1% obnomral) to oyster lawae 57iz70 



TaM6 40. Aremfidene (contkru~d) 

Rcfermces Blologierl Appmachcr 

CaOccurrcnce A ~ l y a m  

85 EAGLE HARBOR,WASHINGTON- highly toxic (19.1 f 1.7 deadRO) to R. abmnius 39557*48678- moderately mdc (3.2 * 1.8 dead/20) to R abmnius 6522 f8915- least toxic (2.6 f 1A dead/U)) to R. nbroniua 5599 f24392 
21 - predicted LC50 for R. abmnius tn 10d dilution eerles with 

Yaquina Bay, &%on sediment 

56 SOUTHBRN CALIFORNIA 
- significantly toxic (51.65% moN8Uty) to G. japonlca 4- not toxic (233% mortsllty) to G. japonica 7 

58 BLACK ROCK HARDOR, CONNBCIlCUT 
- significant toxicity to A, abdita in 10-d bioasaey 30 

Bquilibrfum Partitioning 

EPA chronic marine EP threshold ( 8  4% TOG) 6MMO 

EPA interim freshwatersediment quality criteria based upon EP 
(@ l%TOC) 7330 

25 Sediment safe level baaed upon sediment/water axlitionin 
coefficientsand acute water quality criteria (81% TOCf 230W 

Sediment safe level based upon sediment/water partttlonlng 
coe:ildents and chronlc water quality aiterln ( 8  1%TOC) 16500 

Rcfexences Background Approaches Concentrations (ppb)-
43 New England lntetim high contamination level for dredge materln: 500 

12 USCS alert levels to fiag 15 to 20% of aamptes analyzgd 20 

20 ,EPA/ACOE Puget Sound lntcrlm criterla (central basin background) 5 

23 Rotterdam Harbor sediment quality classlficatlons - Class 1 (slightly contaminated) 400- Class 2 (moderately contamlnatcd) 2002000- Class 3 (contaminated) 2WO-IW- Close 4 (heavily contaminated) >lOMX)- --
Refcrenccs: 

1. Bcllar et af., 1986 25. Pavlou, 1987 
2. TI1 Environmental Services, 1988 56. Anderson el al., 1988 
4. Bolton d at., 1985 58. Rogmcon d al., 1985 
6. BPlL 19B8 80.Tetra Tech, 1985 

20. U.S.ACOE, 1988 85.C H ~ MHU1,1989 
21, Swartz et al., 1989 Various, pleaee see text 
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T4tila.41. 2tffrrtl.mg~lwa d  effecbhqp*medtur oaluea for acenQhthene 
i n d  iB~ro~cen~aloaruses to detennlne these valuer,unnged in ~scenalng
otdar. 

Ooncentrrtlom (ppb) End Point 

119 Commencemmt Bay, Washington bioassay COA 
W) ER-L 
150 Eagle Harbor, Washington bioassay COA 
306 Commencement Ba Washin on bioassay COA 
so0 Puget Sound, Washkgton &-oyster
500 Puget Sound,Washington AET - benthic 
500 Puget Sound, Washington AET - mi not ox^ 
630 Puget Sound, Washington AET - amphipod

ER-M 

1 6 W  EP chronic marine threshold @ 1%TOC 

WKX)  EP acute marine threshold @ 1%TOC 

39557 Eagle Harbor, Washington bioassay COA 

660M) EP chronic marlne Uveshold 8 4% TOC 


Anthacene 

Data available for anthracene are from studies invoking Puget Sound AET; bioasssys of 
scdiments from Commencement Bay, Eagle: Harbor, San Francisco Bay, Lake Unton, southern 
California, and Elizabeth River; national SLCs; and several EP-derived concentrations 
(Table 42). San Franctaco Bay sediments that were moderately toxic to amphipods indicated 
no concordance with anthracene concentrations. Also, San Prancisco Bay sediments that were 
significantly toxic to amphipods had anthracene concentrations similar to those that were. 
not toxic. Commencement Ba Y sediments that were moderately toxic to amphipods had 
anthracene concentrations simi ar to those that were least toxic. Eagle Harbor sediments 
moderately toxic to amphipods indicated little concordance with anthracene concentrations. 
Thew data were not used In the determination of ER-L and ER-M values (Table R20). 

Effects were associated with mean anthracene conmntrations as low as 24 ppb (Table 43) 
in. bloassays of bFrancisco Ba sediments. However, since 34 out of $he 39 samples tested 
there we= slgnlficantly toxic, th f's concentration may not be of much signlflcance. The lower 
10 percentile of the data indicate an ER-L of about 85 ppb, a value supported by the 
pmdicted LC50 for anthracene from bioassay8 of a dilution series of bg le  Harbor sedimente 
(70 pph) and the anthraccne concentrations (mean 85.3 ppb) in San Francisco Bay sedimente 
that were moderately toxic to bivalve larvae. The 50 percentile value in the data is 
equivalent to about 960 ppb and is supported by two Puget Sound AETs (both 960 ppb). With 
the exee Hon of bioassay d a b  from Ha le Harbor, there appears to be an overall threshold 
in the e ?fects date at about 300 pb. E8ects are almost always observed in association with 
anthracene concenhations ex ing 300 ppb (Table BZO). 

The degree of confidence in the ER-L and ER-M values for anthracene should be 
considered 11s relatively low and moderate, respectively. The ER-L value is not supported by 
clustered, conslstent data from multiple approaches. The ER-M in supported by a cluster of 
toxicity and AET concentmtio~ls, but these data are derived from only two regions. Them is 
some evidence of an overall apparent effects threshold for anthracene at about 300 ppb in 
scdiments, a concentraHon that lie$ within the ER-L/ER-M range. 
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Biological Approaches Concentr.Hon8 (ppb) 

Apparent Bffecta Thrrlhold 

19MPUGKT SOUNDART- R. a b d u a  amphtpod bionssny 
- oyster larvae (C. gigas) biaeasay 

-benthiccommunitycompocdtion
- MLmotoxTMbioassay 

1988PWBTSOUND AET- R, abromus amphipod bioassay 
- oyster bwae (C.gig@) bioasaay

-benthiccommunitycomposition
- MicrotoxTY bioaasay 

20 PSDDA GUIDBLWS (based upon Puget Sound AET)- screeninglevel concentralion - rnaximw level celterion 

SAN FR&NCISCO BAY, CALIFORNIA AET 
- bivalve larvae bioassay 

- R ,  abronius amphipod bioassay 


Co-Oceurrcnce Analyses 

80 COMMENCEMENT HAY, WASHINGTON 
- highly toxic (15.7 f3.9 dead/20) to R. abmnius 
- moderately toxic (53 f 1.1 dead/20) to R. abmnius- least toxic (2.5 f 0.9 dead/20) to R. abmnius 

- highly toxic (44.5 & 19% abnormal) to oyster larvae 363 f353- moderately toxic (23f2.3% abnormal) to ooyeter larvae 262 * 207- least toxic (15.1 f 3.1% abnormal) to oyster larvae 	 148f148 

85 EAGLE HARBOR,WASHNGTON- hi@y toxic 119.1 f 1.7 dead/20> to R. ubronius 	 7597f7264 - moderately toxic (0.2 f 1.8 dead/20) to R. abroniw 	 1177 f 1582 - least toxic (2.6 f 1.4 dead/20) to R. abmnius 	 1490L% 5389 
21 	 - prLwdidea LC50 for R. nbmnius in 10-d dilution series with 


Ysquim Bay, Oregon sediment 


29 LAKE UNION, WASHINGTON- 95% mortality to H.azlcca 

SAN FKANCISCO BAY, CALIFORNIA- highly toxic (67 f 11.8% mortality) to R. abronius 
- moderately toxic (33.8 f4.7% rn~rtallly) to R. abronius 
- least toxic (18 f 6.6% mortality) to R. abronius 	 110i257 

- signUlcantly toxic (42.9 f 19.2% mortality) to R. abmnius 119 * 271- not toxic (18.4 f 68% mortalily) to R. abroniw 

- highly toxic (a.4f.4.5% abnormal) to bivalve larvae 923 * 558- moderately toxic (59.4 t 11.3% abnormal) to bivalve larvae - least toxic (23.3 f 7.3% abnormal) to bivalve Larvae 
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Tabk & Antluacene (continued). 

Referancca Biological Approaches Conoenbatimu (ppb) 

Co-Occumnce h e l y m  

- sipiflcantly toxic (55.7 f 227% abnormal) to Mvnlve larvae 184 t349- not taxlc (31.9 5 155%ab~rmal)t0 bivdve larvae Mi441 

56 SOUTHERN CALIFORNIA- eignlflcantly toxic (51.65% momUty) to C.japoniuc 225- not toxic (232% mortality) to G.japoniuc 36 
I 
I 47 ELVABBTH RKVER, VIRGINIA- lDO%mortality to L. xnntkunw exposed to 100% 

Elizabeth aver sediment 264000-LC50(24-hr) for L. rnnthurus exposed to 56% 
t Elizabeth River aediment 147840- LC% (28-4for L. urnthunrs exposed to 25% 

Elizabeth IUver sediment C&N 

National Scrnning Level Canecntrationa 

14 Marine sediments @ 1%TOC 163 

Bquilibdum Pivtitioning 

4 EPA chronic marine EP threshold (@ 4% TOC) 44WO 

13 99 percentile chronic marine permissable contaminant derived 
from chronic water quality criteria O 1%TOC 190 

13 95 percentile chronic marine pennimble contaminant derived 
from chronic water quality criteria BP 1% TOC 380 

References: 

1. Beller el al.,1986 20. U.S. ACOE, 1988 56. A n h n  el al., 1988 
2. PTI EnvimnmenW Services. 1988 21. Swonz er al., 1989 80. Telm Tech. 1985 
4 .  Bolton el al., 1985 29. Yalre er 01.. 1986 85. C H ~ MIW, 1,989 
13. Pavlou ct 01.. 1987 47. Robem GI of.. 1989 'VBMUa, Please SW (cxt
14. Noffet at.. 1987 

Table 43. Effects rrngclow and effeeb range-medh valuen fos anthrncene and a 
eoncentrutions used to determine these values arranged in ~ c m d l n gorder. 

Concentrations (ppb) End Point 

24 Ssn Francisco Bay, Callfomia ART 
70 Eagle Harbor. Washington bioasaay COA 
85 I!R-L 
a5 %n Francisco Ba ,California bioamy COA 

163 Marine SLC @ ~ S ~ ~ T O C  
184 Sen Francisco Bay, California bioassa COA 
190 99 percentile EP cluonic marine @ 146k 





-- 

Southern California bioassay COA 
San Francisco Bay, California bioassay COA 
Commencement Bay, Washington bioassay COA 
Commencement Say, Washington bioassay COA 
95 percentile EP chronic marine 8 1%TOC 
Commencement Bay, Washington bioassa COA 
San Francisco Bay, California bioassay 6'OA 
h g e t  Sound, Washington AET - oyster
ER-M.-
Puget Sound, Washington AET - MicmtoxTM 
San Francisco Bay, California AET 
Puget Sound, Washington AET - benthic 
Puget Sound, Washington AET - amphipod 
Puget Sound, Washington AET - benthic 
Elizabeth River, Virginia bioassay COA 
Eagle Harbor, Washington bioassuy COA 
Puget Sound, Washington AET - amphipod 
EP chronic marine 84% TOC 
Lake Union, Washington toxicity COA 
Elizabeth River, Virginia bioassay COA 
Elizabeth River, Virginla bioavvny COA 

Data available for this aromatic hydrocarbon include those from Puget Sound AET; San 
Pranclsco Bay AET and bioassay data; bioassay data from Commencement Bay, Eagle 
Ha:bor, Lake Unlon, Columbia Ri-rer, southern California, and Elizabeth River; national 
SLCs; SSBa performed with R. abronius expo& to mixtures of h drocarbons; and many EP- 
derlv~d vinlues (Table 44). Thew were small gradients in benzo ?a)anthraccne concentrations 
between San Francisco Bay sediments that were least toxlc and moderately toxic to 
amphipods, bctwetm San Francisco Bay sediments that were not toxic and significantly toxic 

ds, and between Commencement Bay sediments that were least toxic and 
moderateto y toxic to amphipods (Table B-21). In bioassays of lower Columbia River 
ndiments, no toxicity to the amphipod I-I. azfccu was observed in sediments that had up to 
2200 ppb benm(a)iinthracenc. These data were not used in the determination oi ER-L and 
ER-M values. 

Effects are suggested in association with knw(a)anthracene concentrations as low as 60 
to 80 ppb hr  sediments (Table 45). The lower 10 perccntile value of the data is equivnlcnt to 
about 230 ppb, the ER-Lvalue. This value is supported by San Francisco Bay bioassay data 
(mean 232 ppb). The SO pcrccntile ER-M value in the data is equivalent to 1600 ppb; a 
concentration supported by a San Frandsco Day AET (1100 ppb), tiwee Puget Sound AET 
concentrations (13QO,lMW), 1600 ppb), and a threshold predicted by EP methods (1600 ppb). 
With the exception of Columbia River and Eagle Harbor bioassay data, effects were usually 
observed in association with concentrations above about 550 ppb (Table 6-21). Severe acute 
toxicity was observed or predicted with concentrations of 10 ppm or greater (Table 45). 

The degree of confidence in the En-L value should be considered as moderate, since that 
value is not strongly supported by a convergence or cluster of data. However, the ER-M 
value is supported by data from at least two geographic areas and from the predictive EP 
approach, and there are few contradictory data at concentrations exceeding the ER-M. Also, 



the apparent effects threshold lies wlthln the ER-L/ER-M range. Therefore, the degree of 
confideme in the he-M valueshould be con*dercd as moderate. 

Table 44. 	 Summary of sediment effects data available for benzo(a)antiuacene. 
~- ~ 

R'ferenws 	 Biological Approaches Concentrations (ppb) 
-

Apparent Effects Threshold 

1 	 1986 PUGliT SOUNDAET 

- R. abmnius amphipd bioassay 1600 

- oyster larvae (C.gigas) bioassay 1600 
- knthic communlly composition 	 4500 

- MicrotoxTH bioassay 	 13W 

2 	 19% PUGET SOUNDAET 
- R.abronius amphipod bioassay 5100 
- oyster larvae (C.gigas) bioassay 1600 

-benthic community composition 5100 

- MicrotoxTM bioassay 	 1300 


20 	 PSDDA GUIDELINES (based upon Pugct Sound AET) 
- screening level concentration 	 450 

- maximum level criterion 	 4500 


* 	 SAN FRANCISCO BAY, CA1.lT;ORNIA AET 
- bivalve larvae bioassay 	 &O- R. abronius amphipod bioassay 	 1100 


Co-Occurrence Analyses 

80 	 COMMENCEMENT BAY, WASHINGTON 
- highly toxic (15.7 f 3.9 dead/ZO) to R. abronius 	 931 i 1323 
- moderately toxic (5.2 f 1.1 dead/2@) to R. abronius 	 5'20 f523 
- lcasl toxic (2.5 f 0.9 dead/20) to R. abronius 	 476 f437 


- highly toxic (44.5 i 19% abnormal) to oyster larvae 	 801 j:866 
- moderately toxic (23f2.3% abnormal) to oyster larvae 549 i3M
- least toxic (15.1 k 3.1% abnormal) to oyster larvae 	 235 f247 


85 	 EAGLE HARBOR, WASHINGTON 
- highly toxic (19.1 f 1.7 dead/20) to R. vbronius 	 11088i8941 

- moderately toxic (8.2 f 1.8 dead/20) to R. abronius 	 7370 f9984 
- least toxic (2.6 i 1.4 dead/20) to R. abronius 	 2496 f4157 


21 	 - predicted LC50 for R. abronius in 1C-d dilution s c r i ~  

with Yaquina Bay, -gon sedirnent 80 


29 	 LAKE UNION, WASHINGTON 
- 95% mortality to H. azteca 	 170000 


52 	 COLUMBIA RIVER, WASHIhGTON/OREGON 

-not toxic (0-13% mortality) to If. azteca 2 2 ~ )  


SAN FRANCISCO BAY, CALIFORNIA 
- highly toxic (67 f 11.8% mortality) to R. abtonius 	 300 f398 
- moderately toxic (33.8 i4.7% mortality) to R. abronius 1875 156 
- Icaat toxic (18 f 6.6% mortality) to R. abronius 	 168f324 
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Table 44. Benzo(a)anthracenr (continued). 


References Biological Approaches Concentrations (ppb) 


Co-Occurrence Analyses 

- significantly toxic (42.9 f 19.2% mortality) to R. abmnius 236 -f: 313- not toxic (18.4 f6.8% mortality) to R. abronius 187f359 

- highly toxic (92.4 i4.5% abnormal) to bivalve larvae 919 * 433 - moder~tely toxlc (59.4 f 11.3% abnormal) to bivalve larvae 122f126 
- least toxic (23.3 J: 7.3% abnormal) to bivalve larvae 56 .f 26 

- significantly toxic (55.7 f 22.7% abnormal) to bivalve larvae 232 * 337 
- not toxic (31.9 i 15.5% abnormal) to bivalve larvae 41 * 20 

5G SOUTHERN CALIFORNIA 
- significantly toxic (51.65% mortality) to G, japarlica 
- not toxic (23.2% mortality) to G.japatlica 

47 ELIZABETH RIVER, V!RGINIA - 100% mortality to L. rnnthurus cxposed to 100% Elizabeth River 
sediment 3 5 0  

.. LC50 (24-h) for L. xanthrrrus cxposed to 56% Elizabeth Kivcr 
sediment 196000- LC50 (28-d) for L. mnthurus exposed to 2.5% Elizabeth Rivcr 
sediment 8750 

National Screening Level Concentrations 

5 Marine sediments @ 1%TOC 

14 Marinc sediments @ 1%TOC 

Equilibrium Partirloning 

4 EPA chronic marine El' tlrreshold (E3 4% TOC) 

17 EPA acute marine EP threshold (Q 4% TOC) 

13 99 pcrccntiic chronic marinc pcrmissablc contaminant derived 
from chronic water quality critcria 8 1%TOC IMX) 

13 95 p r c ~ n t i l c  chronic marine pcrmissablc contaminant derived 
from chronic water quality criteria Q 1% TOC 21000 

6 EPA intcrim mean frcshwatcr scdiment quality critcria bawd 
upon EP 8 1% TOC 13200 

25 Scdimcnt safe lcvcls based upon sedimcnt/water partitioning 
cocfficicnts and acutc quality criteria 8 1% TLY 55000 

Spiked-Sediment nioaasays 

CS Significant toxicity to R. abronius with mixturcs of aromatic 
and chlorinated hydrocarbons 10000 



References: 

1. BeTlcr el aL, 1986 
2. PIIEnvironmental Suvices

17. Lyman et 01.. 
. 1988 20. U.S. ACOE. 

1987 
19 

52. Johnson and Norton., 1988 
56. Andcwn ct a(., 1988 
65. Plesha el a[., 1988 
80. TernTech. 1985 

6. EPA, 1988 29. Ynlre et al.. 786 85. C H ~ MHill. 1989 
*-Various,pleaso aee lexl 

Table 45. Effects range-low and effects range-median values for benzo(a)anthracene and 
30 cancentratlons used to determine these values arranged in ascending order. 

Concentrations (ppb) End Point 

San Francisco Bay, Glifontia AET 
Eagle Harbor, Washington bioassay COA 
San Francisco Bay, California bioassay 
EX-L 
San Francisco Bay, Califon~la bioassay COA 
Marine SLC 
San Francisco Bay, California bioassay CC)A 
Southern California bioassay CQA 
Commencement Bay,Washington bioassay COA 
Commencement Bay, Washington bioassay COA 
San Francisco Bay, Califomla bio&smy COA 
Cotnmencernent Bay, Washington bioassay COA 
San Francisco Bay, California AET 
Puget Sound, Washington AET - MicroroxTM 
Puget Sound, Washington AET - amphipod 
FIR-M 
Rrget Sound, Waehington AFT - oyster 
99 percentile EP chronic marine Q 1%TYX: 
Puget Sound, Washington AET - benthic 
Pugct %und,Washington AET - amphipod 
Puget Sound,Washington AET - benthic 
Eagle Harbor, Washington bioassdy COA 
Elizabeth River, Virginia bioassay COA 
SSB with R. abronius: mixtures 
Eagle Harbor, Washington bioasmy COA 
EP freshwater interim criteria 53 1%TOC 
95 percentile FP chronic marine @ 1%TOC 
EP acute marine threshold 8 1%TOC 
Lake Union, Washington toxicity COA 
Elizabeth River, Virginia bioassay COA 
EP acute marine threshold @ 4% TCC 
Elizabeth River, Virginia bioassay COA 



Bcnm(a)pynene 

Data .are available for benzo(a)pyrene from Puget Sound AET, San Frandaco Bay AET 
and btoassa data; bioassay data from Commencement Bay, Eagle Harbor, Lake Union, 
sou thm difomia, and Elizabeth River; national SLCs for marine sediments; ccneentrations 

EP methods; and SSBs performed with R. abronius exposed to a mixture of 
(Table 46). Small adients in benzo(a)pyrene wnecntralions were observed in 

a dilution W ~ MoYEagle Harbor sediments, in San Francisco Bay acdiments 
that were highly and moderately toxic to an~phipods versus those that were least toxic, and 
in 5an Francisco Bay wdiments that were sig~~ificantly toxic versus those that wcre not toxic 
to amphipods. Thoee data were not used to determine the ER-L and ER-M values (Table B-
225. The data from Eagle Ht~rbor sediments that were highly toxic to amphipods also were 
not used, since they did not indicate concordance with benm(a)pyrene concentrations. 

Effects were observed in association with benw(a)pyrene concentrations as low as 396 
ppb (the national SLC for marine sediments) (Table 47). Thc lower 10 percentile value of 
the available data is equivalent to about 400 ppb, an ER-L value supported by marine SLCs 
of 396 and 397 and observations of significantly toxic San Francisco Bay sediments tested 
with bivalve !arvae (mean of 404 ppb). With the exception of Eagle Harbor bioassay data, 
effects were usual1 observed in association with benzo(a1pyrene concentrations of roughly 
700 ppb or more ({able 8-22). The ER-M suggested by the data is about 2500 ;rob, a value 
supported by a Puget Sound AET (2400 ppb) and the LC50 derived from biodssays of a 
dilution series of Elizabeth River sediments tested with spot (2462 ppb). 

The degree of confidence in the ER-L and ER-M values should be considered as moderate. 
Although data are available from several areas and several approaches, and these values 
are supported b some convergence or clustering of the data, the clusters of concentrations 
cover a relative r'y wide range. The overall apparent effects threshold (about 700 ppb) lies 
within the ER-L/ER-M ran e. With very little conflicting evidence, it appears that effects 
are almost always associat '2' with concentrations of about 700 ppb or more. 

'Table 46. Summary of sediment effects data available for benzo(a1pyrene. 

References Biological Approaches Concentratlone (ppb) 

Apparent Effecb Thresholcis 

1 1986 PUGET SOUND AET 
- R. nbronius amphipod bioassay 

- oyster larvae (C. gigas) bioassay 

-benthic rwmmunity composition 

- MicrotoxTMbioassay 

2 1988 PUGET SOUND AET 
- R. nbronius amphipod bioassay 

- oyster larvae (C, gigus) bioassay

- benthic community composition 
- MicrotoxTMbioassay 

20 PSDDA GUlDELINES (based upon Pugct Sound AETf 
- screening level concentration 
- maximum level criterion 

I SAN FRANCISCO BAY, CALIFORNIA AET 
- bivalve larvae bioassay 
- R. abronius amphipod bioassay 
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Table 46. Benzofa)pyrene (continued) 

References 	 Biological Approaches Concentrations (ppb) 

Co-Occurrence Analyses 

COMMENCEMENT BAY, WASHINGTON - highly toxic (15.7 f 3.9 dead/20) to R. abronius 
- moderately toxic (5.2 f, 1.1 dead/20) to R. abronius - least toxic (2.5 * 0.9 dead/20) to R. abmnius 

- highly toxic (44.5 * 19% abnormal) to oyster larvae 	 1261+ 1620- moderately toxic (23 f2.3% abnormal) to oyster larvae 684 * 464 
- least toxic (15.1 f 3.1% abnormal) to oyster larvae 	 329 i385 

85 EAGLE HARBOR, WASHINGTON 
- highly toxic (19.1 * 1.7 dead/20) to R. abronius 
- moderatcly toxic (8.2 f 1.8 dcad/20) to R. abronius - Icast toxic (2.6 f 1.4 dcad/20) to R. abronius 

21 	 - predicted LC50 for R. alronius in lacl dilution series 

with Yaquina Bay, Oregon xdiment 


29 ' LAKE UNION, WASHINGTON 
- 95% mortality to H,azlecn 

+ SAN FRANCISCO BAY, CALIFORNIA 
- highly toxic (67 f 11.8% mortality) to R. abrotrius - moderately toxic (33.8 c 4.7% mortality) to R. abroniris- least toric (18 f 6.6% mortality) to R. abronitrs 

significantly toxic (42.9 f 19.2% mortality) to R. abronius 
not toxic (18.4 f 6.8% mortality) to R. abronius 

- highly toxic (92.4 i 4.5% abnc>imal) to bivalve larvae 
- moderately toxic (59.4 f 11.3% abnormal) to bivalve larvae 
- least toxic (23.3 f 7.3% abnormal) to bivalve larvae 

- significantly toxic (55.7 f 22.7% abnormal) to bivalve larvae 
- not toxic (31.9 i 15.5%abnormal) to bivalve larvae 

56 SOUTHERN CALIFORNIA 
- significantly toxic (51.65% mortality) to G. japr~ica
- not toxic (23.2% mortality) to G. jafmnicn 

47 BLIZABETI-I RIVER, VIRGINIA - 100% mortality to L.xanlhurus exposed to 100% Elizabeth 
River sediment 

- LC50 (24-h) for L. xanthurus exwscd to 56% Elizabeth River 
Yedimenl 

- LC50 (28-d) for L. xnnthurus exposed to 25% Elizabeth Rivcr 
sediment 

National Screening Level Concentrations 

nurinc wdiments @ 1"h 'I'X 

14 marine sediments 8 1%TOC 

5 



Table 46. Benzoflfpyrene (continued) 

References Biological Approachea Concentrations (ppb) 

Bqullibrium Yartitioning 

4 EPA chronic marins EP threshold (@ 4% TOC) 

17 EFA acute marine EP threshold (@ 4% TOC) 

13 99 percentile chronic rnarine permissable contaminant 

derived frcm chronic water quality criteria @ 1% TOC l80[h1 


13 95 percentile chronic marine permissable contaminant 

derived from chronic water quality criteria @ 1%TOC 45000 


6 EPA interim mean freshwater wdiment quality criteria based 

upon EP @ 1%TOC 10630 


25 Scdiment safe levels b a d  upon scdiment/water partltioning 

coefficients and acute watcr quality criteria 450000 


Spiked Sediment Bloasaays 

(iti Significant toxicity to R. abmnius with mixtures of arorrlalic 

and chlorinated hydrocarbons 4100iG00 


Reference Background Ayproach Concentrations (ppb organic carbon) 

23 Rotterdam Harbor Sediment Quality Classifications 
- Class 1 (slightly contaminated) 
- Class 2 (moderately contaminated) 
- Class 3 (contaminated) 
- Class 4 (heavily contaminated) >2 OC 

References: 

1. Bcller er nl., 1986 1'7. Lyman el al., 1987 56. Andclson el al.. 1988 
2. PTI Environmcnd Scnics, 1988 20. U.S.ACOE. 1988 65.  Mesh el al., 1988 
4. Bolton er a/.,  1985 21. Swanz er al., 1989 80. TcmTech, 1985 
5 .  Neff cr al.. 1986 23. Jcllucn, 1987 85. C N ~ MHill. 1989 
6. EPA. 1988 25. Pavlou. 1987 * Vnrious, plea.% .w& lexl 
13. Pavlou el al., 1987 29. Yake el 01.. 1986 
14. Ncffcl  al.. 1987 47. Robcns el al., 1989 



Table 41, Effects range-low and effect8 range-median values for bemo(dpynne 
and 28 concentc&ions used to determine these values arranged in ascending 
order, 

Concenlxatations fppb) End Point 

Marine SLC 
Marine SLC 
ER-L 

Stan Francisco Bay, Caiifonia bioassay cOA 
%n Francisco Bay, California bioassay COA 
Southen California bioassay COA 
Commencement Bay, Washington bioassay COA 
Commencement Bay, Washington bioassay COA 
San Francisco Bay, Califonia bioassay COA 
Commenccment Bay, Washington bioassay COA 
Commenc~ment Bay,Washington bioassay COA 
San Francisco Bay, California AET 
Puget Sound, Washington AET - bivalve 
Puget Sound, Washington AET - MicrotoxTM 
Pugel Sound, Washington AFT - amphipcd 
Elizakth River, Virginia bioaseay COA 
ER-M 

Puget Sound, Washington AET - amphipod 
Puwt Sound, Washington AET - benthic 
SSB with R. abronius: mixtures 
Eagle Harbor, Washington bioassay COA 
Puget Sound, Washington AET - benthic 
EP interim fretihwater criteria 8 1%TOC 
99 percentile EP chronic marine @ I% TOC 
95 percentile EP chronic marine @ 1%TOC 
Elizabcth River, Virginia bioassay COA 
Elizabeth River, Virginia bioassay COA 
Lake CJnion, Washington bioassay COA 
EP acute sediment safe level 
EP chronic marine O 4 %  TOC 

The data available for benzo(efpyrenc are rcstrictcd to bioassays of sediments from San 
Francisco Bay, southern California, and Elizabeth River (Table 48). The amount and 
variety of data are insufficient lo warrant +he determination of ER-L and ER-M values. In 
San Francisco Bay, observations of effects were associated with mean concentrations of 
bcnzo(e)pyene ranging from 194 f 228 ppb to 624 i234 ppb. In sonthen California the mean 
concentration associated with high toxicity was 434 k 318, within the range observed in San 
Francisco Bay. Toxicity to t.xnnthurus was recorded at higher concentrations in bioassays of 
Elizabeth River sediments. Additional data are needed to determine a preponderance of 
evidence of the benzo(c)pyrenc concentrations accociated with adverse biological effects. 
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TatTlc #& Summary of sedlmeat effects data available for benzo(r)pyrene. 


References Biological Approaches Concentrations (ppb) 


Apparent Uffects Threshold 

* SAN FRANCISCO BAY, CALIFORNIA AET 
- bhalve larvae bioassay 
- R. abronius amphipod bioassay 

* SAN PRANCISCO BAY, CALIFORNIA 
- highly toxic (67 i 11.8% mortality) to R. abranius 366 j:346 
- noderalely toxic (33.8 k 4.7% mortality) to R.abronius 166f130 
- least toxic (18 f 6.6% mortality) to R. abmniw 153* 184 

- significantly toxic (42.9 f 19.2% mortality) to R. abmnius 268 i276 - nor toxic (18.4 * 6.8% mortality) to R. abronius 157k 206 

- highly toxic (92.4 f 4.5% abnormal) to bivalve larvae 625 * 234 
- moderately toxic (59.4 i 11.3% abnormal) to bivalve larvae 194f27-63 
- least toxic (23.3 i 7.3% abnormal) to bivalve larvae 92 f.44 

- signific~ntly toxic (55.7 f 22.7% abnoml )  to bivalve larvae 250 t 263 
- not toxic (31.9 * 15.5% abnormal) to hiva. te larvae 65f.27 

56 SOIITHERN CALIFORNIA 
- significantly toxic (51.65% mortality) lo G.japonica
- not toxic (23.2% mortality) to G.japnica 

ELIZABETH RIVER, VIRGV'JIA 
- 100% mortaliW to L. xanth~rnrsexnosed to 100% Elizabeth 

River sedimint 
- LC50 (24-h) for L. xanlhurus exposed to 56% Elizabeth 

River sediment ...-
- LC50 (28-d) for L. xanthurus exposed to 2.5% Elizabeth 

River sediment 1952 

References: 

47. Roberts et al., 1989 
56. Anderson et al., 1988 
* Various, please see text. 

Biphenyl 

Data for biphenyl are available from bioassays of sediments from San Francisco Bay, 
southern California, Black Rock Harbor, and the Elizabeth River (Table 49). These data 
are insufficient to dete~mine the ER-L and ER-M values in sediments associated with effects. 
Menn concentrations ranging from 6.6 f9.0 to 26.3 f9.0 ppb were associated with measures of 
toxicity in San Francisco Bay sediments. In southern California yediments, significant 
toxicity was associatcd with a mean concenhation of 443 ppb. Elizabeth River wdiments 
that were highly toxic to L. xanthurus had very high biphenyl concentrations. 
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ilk :  %Yble49. S u m m q  of sedhen t  effwts data available for biphenyL1;; 
! 

References Dialogical Approaches Concentrations (ppb) 

Apparent Effecte Thwshold 

* SAN FRANCISCO BAY, CALIFORNIA AET - bivalve larvae bioassay - R,abronius amphipod bioassay 

Co-Occurrence Analyses 

* S A N  FRANCISCO BAY, CALIFORNIA - highly toxic (67 f 11.8% mortality) to R. abronius - modcrately toxlc (33.8 f 4.7% mortality) to R,abronius - least toxic (18 f 6.6% mortality) to R. abronius 

- significantly toxlc (42.9 f 19.2% mortality) to R. abronius 
- not toxic (18.4 f6.8% mortality) to R. abronius 

- higltly toxic (92.4 f 4.5% abnormal) to bivalve larvae 
- moderately toxic (59.4 f 11.3%abnormal) to bivalve larvae - least toxic (23.3 f 7.3% abnormal) to bivalve larvae 

- significantly toxic (55.7 f 2?.7% abnormal) to bivalvc larvae 
- not toxic (31.9 f 15.5% abnormal) to bivalvc larvae 

56 SOUTHERN CALIFOWIA 
- significantly, toxic (51.65% mortality) to G,japoniur 
- not toxic (23.2% mortality) to G,japonicn 

47 ELIZABETH RIVER, VlRGINlA 
- 1 0 %  mortality to L. xanthuru$ exposed to 100% Elizabeth River 

Yedin~ent 
- LC50 (24-h) for L. rnnth~rruscxpo& lo 56% Elizabeth River 

sediment 
- I..CSO (284) for L. wanfhurus exposed Lo 2.5% Elizabeth River 

sodimcnt 

58 BLACK ROCK HARBOR, CONNECTICUT - significant toxicity to A. abditn in 10-d bioassay 

References: 

47. Roberts el al., 1989 58. Kogcrwn ef al.. 
56. Anderson et al., 1988 please see textVario~~s, 

Data for chrysenc are available from studies in which Puget Sound AFT$ were calculated; 
biuassays of sediments from Commcnccment Bay, Eagle I-larbor, Lakc Union, Columbia River, 
San Francisco Ba , southern California, and Elizabeth Rivcr wcrc performed; national SL,Cs 
were dctermine4 and various EP-derived thresholds were calculated (Table 501. Small 
gradients in chrysenc concentrations wcrc observed in bioassays of a dilution series of Eagle 
Harbor sediments and in amphipod bioassays of San Francisco Bay sediments. Also, a small 
gradient in chrysnc concentrations was observed between Commcnccment Bay sed~ments that 
were n~oderntely versus lcast toxic to amphipods. No toxicity was observed in Columbia 



Rlvcr wdimcnts that had u to 4100 ppb chryscne. Thcse data wcrc not used to dctcrminc 
ER.L and ER-M values ( ~ a b f c  B-231. 

Thc lower 10 percentile valuc of the remaining data suggest an CR-L concentmtion of 
about 400 ppb (384 munded to 400 ppb), a value supported by a marine SLC of 384 ppb (Table 
51). %me measures of effcct~ wcrc observcd in aswciation with chryeene concentrations a9 
low ar  a mean of 368 ppb. With the a c e  tions of Eagle Harbor and Columbia Nvw bioassay 
data, effects alrno~t always wcrc obscrvccf or predicted s t  cvnccntrationr of a b u t  9W ppb or 
more. The 50 pcrccntilc valuc of the data suggcst an ER-M of about 2800 ppb, a valuc 
supported hy two P\JSVI Sound AETs (both 28lN ppb). 

The dcgrw of confidence in thc ER-L and ER-M values ~hould be considered as moderate. 
Data arc available from a variety of geographic areas and approaches, but are not tightly 
cht~lcrcd around thc ER-L and ER-M values. Therc 1s an overall apparent effects threshold 
at about 90(1 ppb, supported by a variety ofobservtd and predicted concentrations associated 
wlth cffcvts and within the ER-L/ER-M range. 

Table 50. Summary of sediment cfiecls data availabic for ckrysene. 

References Bioloslcal Appraaches Cn~lcentrations (ppb) 

Appwcnt Effectu Threshold 

1 1986 P U G n  SOUND AET 
- K. flbranius amphipod bioassay 

- oystcr larvae (C. gigas) bioasyay 

- knthic community composition 
- MicrotoxTMbioassay 

2 1988 PUGET SOUND AET 
- R,ubronius amphipod bioassay 

- oystcr larvae (C. gigas) bioassay 

- knthic community composition 
- MicrotoxTM bioassay 

20 PSDUA guidelines (based upon I'ugct Sound AET) 
- screening level concentration 
- mxiniurn lcvcl criterion 

* SAN FRANCISCO BAY, CALIFORNIA AET 
- bivalve lirrvae bioassay 
- R,abronius amphipod bioassay 

Co-Occurrence Analyses 

80 COMMENCEMENT BAY, WASHINGTON- highly toxic (15.7 J: 3.9 dcadl20) to R. abronius - moderately toxic (5.2 i 1.1 dcad120) to R.  abronius 
- least toxic (25 f 0.9 deadl20) to R.  abronius 

- highly toxic (44.5 f 19% abnormal) to oyster larvae 
- moderately toxic (23 i 2.3% abnormal) to oyster larvac 
- least tox~c (15.1 k 3.1% abnormal) to oystcr larvae 

85 EAGLE HARBOR, WASHINGTON- highly toxic (19.1 i. 1.7 dcad/20) to R. abronius 
- modcratcly toxic (8.2 * 1.8 dcad/20) to R. abrot~ius - least toxic (2.6 t 1.4 deadl20) to R. abrotlius 
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Table 50. Chyscne (continued)-

Refcrcnccs 	 Biological Approaches 

CmOccurrence Analyses 

21 - predicted LC50 for R. abronius in 10-d dilution series 
with Yaquina Bay, Oregon .sediment 

LAKE UNION, WASHINGTON - 95% mortality to H.aztern 

52 	 COLUMBIA RIVER, WASHINGTON/OREGON 

not toxic (0-13% mortality) to H, azteca 


SAN FRANCISCO BAY, CALIFORNIA - hjghly toxic (67 i 11.8% mortality) to R,  abronius- moderately toxic (33.8 f 4.7% mortality) to R.  abronius- loast toxic (18 f 6.6% niortality) to R. abronius 

- sfgnlflcantly toxic (42.9 f 19.2% mortaltry) to R. abronius - not toxic (18.4 f 6.8% mortality) to R. abronius 

., highly toxic (92.4 14.5% abnormal) to bivalve larvae 

Concentrations (ppb) 

- moderately toxic (59.4 i 11.3%abnormal) to bivalve larvae 
- least toxic (23.3 f 7.3% abnormal) to bivalve larvae 

- ri@iificantly toxic (55.7 f 22.7% abnormal) to bivalve larvae 
+ not toxic (31.9 f 15.5% abnom%l) to bivalve larvae 


56 SOUTHERN CALlFOllNIA 

- significantly toxic (51.7% mortality) to G.japonica 
- not toxic (23.2% mortality) to C.japonica 


47 ELIZABETH RIVER, VIRGINIA 
- 100% mortalitv to L. xanlhurus exposed to 103% Elizabeth 
River sediment 

- LC50 (24-hr) for L. urnthurus exposed to 56% Elizabeth 
River sediment - LC50 (284) for L. xoftlkurus exposed to 2.5% Elizabeth 
River sediment 7930 

National Screening Level Concentrations 

5 Marine sediments 8 1% TOC 384 

14 Marine sediments 8 1% TCC 

Equilibrium Partitioning 

4 EPA cllronic marine El' threshold (O 4% TOC) 

17 El'A acute marine EP threshold (@ 4% TOC) 

13 99 percentile chronic marine permissable contaminanl derived 
from chronic water quality criteria @ 1% TOC 1200 

13 	 95 prccntilc chronic marine permissable conhminant derived 
from chronic watcr quality criteria @ 1% TOC 440 
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Table 56). C w a e a e  (continued) 


Reierences Biological Approaches Concentratlona (ppb) 

-


25 	 Sediment safe levels bared upon sediment/water partitioning 
coefficients and acute water quality criteria 

Referencea: 

1. Bcller cr al., 1986 17. Lynurn er at., I987 52. Johnson and Nonon. 1988 
2. Fil E~lrvimnmontalS c ~ c e s ,1988 20. U.S. I~COE, 1988 56. Andcrson ct 01. .  1988 
4. Rolton el 01.. 1985 21. Swmz el a/., 1989 80. Tern Tech, 1985 
5 .  Ncff cl al., 1986 

13. Pavlou EI  ol., 1987 
25. F'nvlou, 1987 
29. Yake cr al.. 1986 

85. C H ~ M.Ill. 1989 
* Various, p l w  see tcxt 

14. Nefi et al.. 1987 4.7 Robcns el al., 1989 

Table 51. Effects range-lnw and effects range-median values for dirynene and 27 
concentrations used to determine these values arranged in aacendlng order. 

Concentratlotan (ppb) End Point 

Predicted Eagle Harbor LC50-amphipod COA 
%n Francisco Bay, California bioassay COA 
Marine 5LC 
ER-L 
San Francisco Bay, California bioassay COA 
Southern California bioassay COA 
Commencement Bay, Washington bioassay COA 
99 percentile EP chronic marine @ 1% TOC 
Commencement Bay, Washington bioassy COA 
Commencement Bay, Washington bioassay COA 
I'ngct Sound, Washin@on AET - MicrotoxTM 
9x.n Francisco Bay, Cdifornia bioassay COA 
Sari Prancisco Bay, California bioassay COA 
San lcrar~cisco Bay, Californi? bioassay COA 
Puget Sound, Washington AET - bivalve 
ER-M 

Puget Sound.. Washington AET- amphipod 
95 percentile EP chronic marine @ 1%TOC 
Puget Sound, Washington AET - benthic 
Elizabeth River, Virginia bioassay 
Puget Sound, Washington AET - amphipod 
Puget Sound, Washington AET - benthic 
Eagle Harbor, Washington bioassay COA 
Eagle Harbor, Washington bioassay COA 
EP acute sediment safe level 
Lake Union, Washington bioassay COA 
Elizabeth River, Virginia bioassay COA 
Elizabeth River, Virginia bioassay COA 
EP chronic marine threshold Q 4% T W  

-
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Data Me available for this aromatic hydrocarbon from determinations of Puget Sound 
and San Francisco Bay AE'Is, EP-derived thresholds, and evaluations of bioassay data drom 
Commencement Bay, Eagle Harbor, and southern California Crablc 52). There was -:trier a 
small gradient or no concordance tehuem dibenz(a,h)anthraccne concentTaHons -.,u toxicity to 
am hipods exposed to San Francisco Bay sediments. Commencement Pay and Eagle Xarbor 
sed'iments that were highly toxic to amphipods had lower dibenz(a,h)anthracene 
concentrations than those respective samples that were moderately toxic. Therefore, these 
data were not considered in lhe determination of ER-L and ERR-M values (Table 8-24). 

Effects in sediments were observed in association with mcan dibenz(a,h)anthracerte 
concentrations as low as 42 * 46 ppb (Table 53). Thc lower 10 percentile of the data is 
equivalent to an ER-L value of about 60 ppb, a value stipported by bioaway data from Sar; 
Francisco Bay (mean 63 k 80 ppb) and from southern Califonria (mean 6tit 46 ppb). The 50 
percentile of the data suggest an ER-M of about 260 ppb, a value supported by three h g e l  
Sound AETs (230,230,260ppb), a San Francisco Bay AET (260 ppbf, and Commertcement Bay 
sediments that were highly toxic to oyster larvae (mean 263 1 413 ppb). Except fcr 
amphipod bioassay data from Eagle Harbor and a San Francisco Bay AET for amphipod 
bioassays, effsts were usually obxrved in association with concentrations of about 1M)ypb rr 
more (Table 8-24), R e  thrahold concentrations predicted by EP :nethods were consid~rabiy 
higher than thosc observed with measurcv of effects in field-coilected sa.mples. 

The degree of confidence in the ER-L and EK-M values for diberu.(a,tr)enthraccne should 
be considered as moderate. A relatively small amount oC data cxisl v~ith which I:, relate 
chemical concentrations to measures of effects; there are no SSM data; and there was 
relatively poor concordance or small gradients in concentrations among samples !hat wcre 
toxic and those that were nontoxic. However, there wzs a degrm of convergence among the 
data and there appcars to be an effects threshold within the ER-L/ER-M range ot about 100 
ppb with few contradictory data. 

Table 52. Summary of sediment effecb data: available for dibetu(a,h)a~ltll+aci!ne. 

References Biolofiical Approaches Concentratinns t ~ p b )  

Apparent Effects Threshold 

1 1986 PUGET SOUNDAET 
- K. alrroniuq amphipod bioassay 

- oyster larvae (C. gigus) bioassay 

-benthic community composition 
- MicrotoxTMbioassay 

'2 1988BUCET SOUNDAET 
- H.abronius amphipod bioassay 

- oyster larvae (C.gigas) bioassay 

-benthic community composition 

- MicrotoxrM bioassay 

20 PSDDA guidelines (based upon Puget Sound AET)
- screening level concentration 
- maximum level criterion 

* SAN FRANCISCO BAY, CALIFORNIA AET 
- bivalve larvae bioassa 
- R. obronius amphipod gioassay 



Table 52. Mbenz(a,l~)antluscene (continued) 
-

Biologicd Approaches Concentrations (ppb) 

Co-Occunrnce Analyses 

80 COMMENCEMENT BAY, WASHINGTON - highly toxic (15.7 f 3.9 dead/20) to R. abronius- moderately toxic (5.2 f 1.1 deadt20) to R. abronius - least toxic (2.5 f0.9 dcad/20) to R.abmnius 

- highly toxic (44.5 f 19% abnormal) to oyster larvae - moderately toxic (23 f 2.3% abnormal) to oyster larvae - least toxic (15.1 f 3.1% abnormal) to oyster larvae 

85 EAGLE HARBOR,WASHINGTON - highly toxic (19.1 f 1.7 dead/20) to R. abronius - moderately toxic (8.2 f 1.8 dead/20) to R. abronius- least toxic (2.6 f 1.4 dead/20) to R. abronius 

SAN FRANCISCO BAY, CALIFORNIA - highly toxic (67 * 11.8% mortality) to R. abronius- moderately toxic (33.8 f 4.7% mortality) to R. abronius- least toxic (18 f6.6% mortality) to R. abronius 

- significantly toxic (42.9 f 19.2% mortality) to R. abmnius 
- not toxic (18.4 f68% mortality) to R, abronius 

- highly toxic (92.4 f 4.5% abnormal) to bivalve larvae - moderately toxic (59.4 f 11.3% abnormal) to bivalve larvnc - least toxic (23.3 f 7.3% abnonnal) to bivalve larvae 

- sipifical~tly toxic (55.7 f 22.7% abnormal) to bivalve larvae 
- not toxic (31.9 f 15.5% abno~mal) to bivalve larvae 

56 SOUTHERN CALlFORNlA - significantly toxic (51.7% mortality) to G.japonica
- not toxlc (23.2% mortality) to G. japnica 

Equlllbrlum Partitlonlng 

13 99 percentile chronic marine permissable contaminant derived 

from chronic water quality criteria @ 1%TOC 


95 percentile chronic marlne permissable contaminant derived 

from chronic water quality criteria @ 1%TOC 


25 Sediment safe levels batxd upon sediment/water partitioning 

coefficients and acute water quality criteria 


References: 

1. Bclla el al., 1986 20. U.S.ACOE. 1988 80. Tclra Twh, 1985 
2. PTlBnviranrncntal Services, 1988 25. Pavlou. 1987 85. C H ~ MWil. 1989 
13. Pavlou er al., 1987 56. Anderson er 01.. 1988 " Vnrious. p l w  see text 



San Francisco Bay, California bioassay COA 
RR-L 
San Francisco Bay, California bioassay COA 
Southern California bioassay COA 
Commencement Bay, Washington bioassay COA 
Commencement Bay, Washington bioassay CDA 
San Francisco Bay, California bioassay COA 
Puget Sound, Washington A!3 -oyster 
h g e t  Sound, Washington AET - MiaotoxTw 
Puget Sound, %lashington AET - amphipod
BR-M 
San Francisco Bay, Cnlifornia AET 
Commencement Bay, Washington bioassay COA 
Puget Sound, Washington AET - amphi 
Eagle Harbor, Washington bioassay C8"1A 
Puget Sound, Washington AET - benthic 
Puget Sound, Washington AET - benthic 
99 prcenbile EP chronic marine @ 1%TOC 
95 percentile EP chronic marine 8 1%TOC 
EP acute sediment s f e  lpvcl 

Very fow data are available with which to relate the concentrations of 2,6-
dimethylnaphthalene to measures of effects in sediments (Table 54). ' h e  Snn Frandsco Bay 
bioassay data indicated relatively high toxicity to bivalve larvae in samples with 53 f 29 
ppb 2,6-dimeth lna hthalene; whereas in southern Callfornla, sediments with similar 
conocnhations (!& f f0ppb) were not toxic to amphipads. Southern Callfornla sediments that 
were high! toxlc to am hipods had concentrations (115i 278 ppb) that were slmilar to 
those in &ments sp lkJwi th  hydrocarbon mixturn that were toxic to am hipods (I!% f 20 
ppb). There are too few data to warrant determination of ER-L and ER-hvalues for thls 
ohcmical. 

Table 54. Summary of sediment effects data available for Z,6-dheUIylnaphUIalene. 
.. 
References Blolaglcal Approach Concentratlona (ppb) 

Co-Occurrence Analyses 

* SAN FRANCISCO BAY, CALIFORNIA - highly toxic (67 k 11.8% mortality) to R. abronius - moderately toxic (33.8 * 4.7% mortality) to R. abmnius 
- least 1 d c  (18 f6.6% mortality) to R. nbroniw 

- significantly toxic (42.9 f 19.2% mortality) to R. abronius 
- not toxic (18.4 * 6.8% mortality) to R. abronius 



i 
Table 64. 2,6-dluiethylnapht.hP1cnt (confinued)

i; -
Reference8 Bfologlcal Approach Concentrations (ppb) 

Co-Occurrence Analyse~ 

- highly toxic (92.4 f 4.5% abnormal) to bivalve larvae 53 f29- moderately toxic (59.4 .L 11.3% abnormal) to bivalve larvae 9f 14- leaat toxic (23.3 f 7.3% abnormal) to bivalve larvae 3 k 4  

- eignifleantly toxic (55.7 f 22.7% abnormal) to bivalve larvae 14 f 22- not toxic (31.9 f 15.5% abnormal) to bivalve larvae 5f5 

56 SOUTHERN CALlPORFIIA - significantly tovfc (51.7% mortality) to G. japonica- not toxic (23.2% mortality) to G.japonica 

Spiked Sediment Bioassay8 

65 Significant toxicity to R,abronius with mixtures of aromatic 
and chlorinated hydrocarbons 150k 20 

References: 

56. Anderson et al., 1.988 
65. Plesha et al., 1988 
* Various, please see text 

Data are available from studies in which Puget Sound AETs were determined; toxicity 
thresholds were predicted using EP methods; national SLCs werc calculated; SSBs were 

r f o d ;  and bioaasays were pcrfonned with sediments from Commencement Bay, Eogle l? arbor, Lake Union, Columbia River, Sun Francisco Bay, southern Califomin, Pnlos Verdes, 
and EHabeth River (Table 55). Only three of the Palos Verdes samples were analyzed for 
fluoranthene concentrations. There was either a small gradient or no gredient in fluoranthene 
concentrations between San Francisco Bay sediments that were least, moderately, and most 
toxic to amphipods and significantly toxic versus not toxic to am hipods. There was no 
padient in fluoranthene concentrations between Commencement IPay sediments that were 
.eest and moderately toxic to arnphlpods. Moderately toxic Eagle Harbor sediments hnd a 
lower mean fluoranthene concentration than those that were least toxic. These data were not 
used to detem~ine ER-L and ER-M values (Table 8-25). 

Effect8 in sediments were observed in association with rnean fluoranthene concentrations 
as low ae 382 f617 ppb (Table 56). The lower 10 rccntilc value in the data suggest an ER-LR"
of about 600 ppb, a concentration supported by t e predicted LC50 derived from amphl d 
bioassay& of a dilution series of Eagle Harbor sedlments (600 ppb) and a marine Z C  
concontration assuming 1 prcent TOC content (644 ppb). The 50 percentile value in the dare 
suggest an ER-M of about 3600 ppb. This value is supported by a chronic marine EP-derived 
concentration (3100 ppb), an LC50 determined in a SSB 13300 ppb), an EP-derived chronic safe 
level (3600 ppb), a Puget Sound AET (3700 ppb), and a San Prancisco Bay ART (3900 ppb). 
Effects were almost always obscwed in assodation with fluornnthene concentrations of about 
1t)W pb (1 ppm) or more. There were two exceptions to this ap rent threshold: bioassay 
date I'rom the Columbia River, in which no effects were o b s e r v J n  scdimcnts with up lo 
2100 ppb fluoranthene; and bioassay data from Eagle Harbor, where there was no toxicity in 
sediments wit11 a mean concentration of 12080 ppb (Tablc 8-25]. 



The degree of confidence in these ER-L and ER-M values should be considered as 
relatively high. Data are available from all of the major approaches; clusters of data 
auppr t  the values; and the overall apparent effects threshold lies within the range of ER-L 
and ER-M values. 

Table 55. Summary of sediment effects data available for fluoranthene. 

Ref crences Biological Approaches Concentrations (ppb) 

Apparent Effecb Thnahold 

1 1986 PUGETSOUNDAET 
- R. abronius amphipod bioassay 3900- oyster larvae (C. gigas) bioasay W X )  
- benthic communitycomposttion 6300 - MicrotoxTM bioassay 1700 

2 1988 PUGET SOUNDAET 
R. abronius amphipod bioassay 30000 

- oyster larvae (C,gigas) bioassay 2500 
-benthic communitycomposition 24000 
- MicrotoxTMbioassay 

20 PSDDA GUIDELINES (based upon P u ~ tSound AET)- screening levcl concentration 630 
- maximum level criterion 6300 

SAN PRANCISCO BAY, CALIFORNIA AET - bivalve larvae bioassay 2000 
- R,  abronius amphipod bit, l y  2.3700 

Co-Occurrence Analyses 

80 COMMENCEMENT T\A . ASWINGTON - highly toxic (15.7 j .:d/20) to R. obronius 23M)f3330- moderately toxic (5 Jcad/ZO) to R. alrronius 925 k 8-54- least toxic (2.5 k 0.r .~1/20)to R. abmnius 923 P 865 

- highly toxic (44.5 i 19%abnormal) to oyster larvac 1655k 2029- moderately toxic (23 f 2.3% abnormal) to oystar larvac 1046P 655 - least toxic (15.1 f 3.1% abnormal) to oyster larvae 489 + 492 

85 EAGLE HABSOR, WASHINCI'ON 
- highly toxic (19.1 f 1.7 dead/ZO) to R. abronius 71988 k 95713 
- moderately toxic (8.2 f 1.8 dcad/20) to R. abronilrs 8895 + 10337- Icast toxic (2.6 f 1.4 dc~*d/20)to R. abroitius 12M)Of 518219 

21 - predicted LC50 for R. abronius in 10-d dilution series 
with Yaquina Bay, Oregon. sediment MX) 

29 LAKE UNION, WASHWCTC)N
- 95% mortality to N,azlcca 57U000 

52 COLUMBIA RIVER, WASl-IINCTON/OKEGON
- not toxic (0-13% mortality) to H. azlasl 2100 



'!!able 55. Fluoranthene (continued) 

Xefrrenoes Biological Approaches Concentratlone (ppb) 

Co-Occurrence Analyres 

I) SAN FRANCISCO BAY, CALIFORNIA 
- highly toxic (67 f 11.8%mortality) to R. abronius 794 f1210- modezitely toxic (33.8 f4.7% mortality) to R. abronius 509 f481- least toxlc (18 f 6.6% mortality) to R. abronius 539 * 842 

- stgnificantly toxic (42.9 f 19.2% mortality) to R. abronius - not toxic (18.4 f6.8% mortality) to R. abronius 

- highly toxic (92.4 1 4.5% abnormal) to bivalve larvae 
- moderately toxic (59.4 f 11.3% abnormal) to bivalve larvae - least toxic (23.3 f 7.3% abnormal) to bivalve larvae 

significantly toxic (55.7 * 22.7% abnormal) to bivalve larvae 
not toxic (31.9 f 15.5% abnonnalf to bivalve larvae 

56 SOUTEIERN CALIFORNIA - significantly toxic (51.7% mortllity) to G,japunica
- not toxic (23.2% mortality) to G. japnica 

49 PALOS VERDES SHELF, CALiFORNlA - significantly toxic lo R. abronius 
- not toxic to R. abronirrs 

47 ELIZABETH RIVER. VIRGINIA 
- 100% mortality to 1.. xanfhurus exwsed to 1M)% Elizabeth River 

sediment 
- LC50 (24-h) for L. xanlhurus exposed to 56% Elizabeth River 

d i m e n t- LC50 (28-d) for L. urnlhurus exposed to 2.5% Elizabeth River 
sedimcnt 

1Vational Screening Level Concenlrationa 

5 Marine sediments @ 1%'rOC 

14 Marine scdimcnts 0 1%I'OC 

Equlllbrium Partitioning 

17 EPA acute marine EP threshold (@ 4% TOC) 3MX)O 

13 99 percentile chronic marine permissable contaminant derived from 
chronic water quality criteria @ 1% TOC IMX) 

13 95 percentile chronic marine per~nissablc contaminant derived from 
chronic water quality crilcria @ 1%TOC :3lW 

6 EIJA interim mean frcshwatcr scdimcnt qi~ality criteria b a d  upon 
EP@l%TDC lW 

25 Scdimcnt safe lcvcls based upon Ycrdin~cnt/watcr partitioning 
coefflcientv and acute water qizallty criteria 9000 



TabL 55. Fluoranthene (continued) 

References Btological Approaches Concentratlors iir;pb) 

25 Sediment safe levels based upon sediment/water partitioning 
coefficients and chronic water quality criteria 3600 

Splked Sedlment Btoassayc 

65 Slgnlficant toxlcity to R. abronius with mixtures of aromatic 
and chlorinated hydrocarbons IHXX) 

18 LC50 (10-d) for R. abronius 4200 

19 LC50 for R. abronius @ 0.2% TOC 
LC50 for R,abronius @ 0.3% TOC 
LC50 for R,abronius '@ 0.5% TOC 

Befcrcncc Background Approach Concentratlona 
(ppb organic carbon)-

23 Rotterdam Harbor Sediment Quality Classifications 
- Class 1 (slightly contaminated) d0.4 OC 
- Class 2 (moderately contaminated) 0.4-1OC - Class 3 (contaminated) 1-4.5 OC - Class 4 (heavily contaminated) A5 OC 

Referenceo: 

1. Bcllcr el a/.. 1986 19. Swcnz ec al.. 1987 49. Swam el al.. 1985 
2. PI1Environmental Services, 1988 20. U.S.,WOE. 1988 52. Johnson and Nomn. 1988 
5. Ncff cr a/.. 1986 21. SwnnzEI al., 1989 56. Anderson el a/.,1988 
6 .  EPA, 1988 23. Jenscn. 19S? 65. Pleshn er al.. 1988 
13. Pavlou el 01.. 1987 25. hvlou. 1987 80. Tetrn Tech. 1985 
14. Ncff cr al., 1987 29. Yakc el of., 1986 85. C H ~ MHill. 1989 
17. Lyman el al.. 1987 47. Robens cr al., 1989 Various, pleusc see lcxt 
18 Swanz el al., 1988 

Table 56. Kffecfs range-low and effectn range-median values for fluoranthene and 33 
conccntrutlons uscd to detennine these values mangcd in ascending order. 

Conccntratlona (ppb) End Polnt 

382 Southern California bioassay COA 
432 Marine SLC 
451 San Francisco Bav, California bionssav COA 

BR-L 
Eaglc Harbor, Washington bioassay COA 
Markc S1.C 

682 %n Francisco Bay, Callfornia bioavsay COA 



Table 56. (continued) 

Concentrations (ppb) End Point 

1046 Commencement Bay, Washington bioassay COA 
2600 99 percentile EP chronic marine @ 1%TOC 
1655 Commencement Bay, Washington bioassay COA 
1700 Puget Sound, Washington AET - MicrotoxTM 
2000 San Francisco Bay, California AET 
2360 Commencement Bay, Wauhin on bioassay COA 
2500 h g e t  Sound, Washington A#- oyster 
2737 San Francisco Bay, California bioassay COA 
3100 95 percentile EP chronic marine @ 1%TOC 
3300 SSB LC50 for R. abmnius @ 0.2% TOC 
9600 ER-M 
3600 EP chronic sediment safe level 
3900 1% et Sound, Washington AET - amphipod 
4200 S S ~LC50 for R. nbronius 

6200 SSB LC50 for R. abmitius @ 0.3% TOC 

6300 Puget Sound, Washington AET - benthic 

90M) EP acute sediment safe level 

li)500 SSB LC50 for R. abmnius @ 0.5% TOC 

15000 SSB with R. abronius: mixtures 

18800 EP interim freshwater criteria @ 1%TOC 

2J000 Pugct Sound, Washington AET - benthic 

30000 Puget Sound, Washington AET -am hipod 

36000 EP acute marine threshold @ 4% 'I' & 

59250 Elizabeth River, Virginia bioassay COA 

71988 Eagle Harbor, Washington bioassay COA 


327200 Elizabeth River, Virginia bioassay COA 

570000 Lake Union, Washington bioaswy COA 


2370000 Elizabeth River, Virginia bioassay COA 


Fluorcne 

Data for fluorene are available from studies in which Puget Sound AETs were calculated; 
national SLCs were determined; EP-derived thresholds were predicted; effects upon fish were 
determined in SSBs; and bioassays were performed with sediments from Comnencement Bay, 
Eagle Harbor, Lake Union, San Francisco Bay, southern California, Elizabeth River, and 
Black Rock Harbor (Table 57). Data from SSBs with winter flounder (Pseudopleuronectes 
atnericanus) are available. The winter flounder were exposed to Venezuelan a v d e  mixtd into 
sediments placed in a la er in large aquaria for 4 months (Payne ef al., 1988). There was 
Httle or no concordance &tween fluorene conc~mtrations and toxicity to am hipods in Ssn 
Francisco Bay. There was a small gradient in fluorene concentrations between l! ornmcnament 
Ray and Eagle Harbor sediments that were least and moderate1 toxic to amphlpods. These 
data were not used to determine the ER-L and ER-M values ( ~ a b ~  B-26). 

Effects determinfd with bivalve larvae bionssays of San Francisco Bay sediments were 
observed in association with very low levels of fluorene (Table 58). These data influenced 
the determination of the ER-L value of 35 ppb. The 50 pe~centlle value in the data suggcst 
an ER-Mof 640 ppb, a value supported by three Puget Sound AETs (all 540 ppb), a Puget 
Sound AET for benthic communities (640 ppb), and high toxicity in Commencement Bay (mean 
707 ppb). Except for the Ea Ie Harbor amphipod bioassay date, there is an overall a pnrcnt 
effects threshold at about 3.0 !ppb. RHowever, this apparent threshold is highly in uenced 
by only Puget Sound and Commcnemcnt Ray data and not by other snpportlng data. 



The degrr?eof confidence in the ER-L and BR-M values for fluorene should be considered as 
low and moderate, res . Although there are data from several ap roaches and 

Kectivelymatalsing effeots and c emical data from many geographic areas, the data gndicate poor 
convergence around the ER-L value. The ER-L is supported by data only from San Frandsco 
Bay and the ER-M is supported by data only from Puget Sound (including Commencement 
Bay). Some of the concentrations d 4 v e d  from the EP and S9B a pmaches suggest titat the 
threshold for effects occurs at much higher concentrations than Pndicated by the BR-L and 
ER-M values. 

Table 57. 	 Summary of sediment effecls data available for fluorene. 

References 	 Biological Approaches 

Apparent Effects Threshold 

I 1986 PUGET SOUNDM T 
- R, a6mnius amphipod bioassay 
- oyster larvae (C. gigac) bioassay- benthic community composition - Microtox'M bioassay 

2 1988 PUGETSOUNDAET 

- R,abronius amphipod bioassay - oyster larvae (C.gigas) bioassay 
- benthic community camposition - Microtox IMbioassny 

20 PSDDA guidelines h s e d  upon Pugct Sound AET) - screening level concentration - maximum level criterion 
. SAN FRANCISCO BAY, CALiFORNlA AET 

- blvalvc larvae bioassay 
- R, abronius amphipod bioasuy 

Co-Occunrence hnalyses 

80 COMMENCEMENT BAY, WASHINGTON 
- highly toxic (15.7 13.9 dcad/20) to R.nbroniuc 
- modcratcly toxic (5.2 f 1.1 dead/20) to R,abronius 
- least toxic (2.5 t 0.9 dead/20) to R. abmniw 

- hrghly tox~c (44.5 f 19% abnormal) to oyster larvae - modcratcly toxic (23 f 2.3% abnormal) to oyster larvae 
- least toxic (15.1 f 3.1% abnormal) to oyster larvnc 

85 EAGLE I-IARBOR, WASHINGTON - highly toxic (19.1 .1:1.7 deadl20) to R. abronius 
- moderately toxic (8.2 f 1.8 dead/20) to R. obron~ub 
- least toxlc (2.6 f 1.4 dead/20) to R. abronius 

21 	 - predlctrd LC50 for R, obronius in 10-d dilution scriw 
with Yaquina Bay, Orcgon sediment 

29 LAKE UNION, WASHINGTON 
- 95% mortalily to H.aztecu 

Poncentrations (ppb) 

340 

540 

640 

540 


3603 

540 

loo0 

540 


64 

640 


I1 
210 

737 41341 

147f 131 

117f 113 


353f746 

143k 119 

75 k 76 


22811 i 15559 

15742% 

10173-4679 


210 




Table 57, Pluorene (cadfinued) 

Refsrenccs 	 Biological Approacheo Concentrations (ppb) 

0 	 S A N  FRANCISCO BAY, CALIFORNIA 
- highly toxic (67 f 11.8% mortality) to R. abronius - moderately toxic (93.8 14.7% mortality) to R. abronius - least toxic (18 f 6.6% mortality) to R,abronius 

- significantly toxic (42.9 f 19.2% mortality) to R. abronius - not toxic (15.4 f 6.8% mortality) to R. abronius 

- highly toxic (92.4 f 4.5% abnormal; to bivalve larvae - moderately toxic (59.4 f 11.3% abnormal) to bivalve larvae - least toxic (23.3 f 7.3% abnormal) to bivalve larvae 

- significantiy toxic (55.7 5 22.7% abnormal) to bivalve larvae 
- not toxic (31.9 f 15.5% abnormal) to bivalve larvae 

56 	 SOUTHERN CALIFORNIA 
- significantly toxic (51.7% mortality) to G.japonica 
- not toxic (23.2% mortality) to C.japnica 

47 	 ELIZABETH RIVER, VIRGINIA - 100% mortality to L. xanthurus exnosed to 100% Elizabeth River 
sediment- LC50 (24-h) for L,xnnlhurus exposed to 56% Elizabeth River 
sediment 

- LC50 (28-d) for L. xnnthurus exposed to 25% Elizalxth River 
sediment 

58 	 BLACK ROCK HARBOR, CONNECTICUT 
- significant toxicity to A, abdifa in 10d bioassay 

National Screening Level Concentrations 

14 	 Marine sediments @ 1%TOC 

Equilibrium Partitioning 

4 	 EPA chronic marine EP threshold(@4% TOC) 

13 99 percentile chronic marine permissable contaminant derived from 

chronic water quality criteria @ 1%TOC 


13 95 percentile chronic marine permissable contaminat dcrivcd from 

chronic water quality criteria @ 1%TOC 


25 Sediment safe levels based upon sediment/watcr partitioning 

coefficients and acute water quality criteria 68 1%TOC 


Spiked-Sediment Bloaesays 

59 	 Livci somatic condition indices elevated in winter flounder 

MFO induction in wintcr flounder liver significantly elevated 

MFO induction in winter flounder kidney significantly elevated 


-



P b l e  57. Pluorene Icontinuedt 

1. Bder el g!., 1986 21. Swam ct d.,1989 58. Rogerson at G!., 1985 
2. FREnvimmmtalSecvicces. 1988 25. Pavlou. 1987 59. Fayneel al., 1988 
4. Bolton el al., 1985 29. Yake er al.. 1986 80. Tern Tech, 1985 
13. Pavlou ef al.. 1987 47. RoSens el al., 1989 85. C H ~ MHill, 1989 
14. Moll et al.. 1987 56. Anderson et 01.. 1988 * Various. pleasc sca text 
20. U.S. ACOE, 1988 

Table 59. Effects range-low and effect8 range-median values for fluwenr and 28 
concentrations used to detcnnine these values arranged in ascendillg order. 

Concentratlona (ppbl End Poht  

San Francisco Bay, California AET 
San Francigo Bay, California bioassay COA
m-L 
San Francisco Bay, California bioassay COA 
99 percentile EP chronic marine @ 1%TOC 
Black Rock Harbor, Connecticut bioassay COA 
Marine SLC 
Commencement Bay, Washington bioa~say COA 
95 percentile EP chronic marme G3 1%TQC 
San Francisco Bay, Califomia bioassay COA 
Eagle Harbor, Washington bioassay COA 
Commencement Bay, Washin ton bioassay COA 
Pugct Sound, Washington A E ,  - amphipod
Puget Sound, Washington AET -oyster 
Pupt  Sound, Washington AET - MicrotoxTM 
HR-M 
Puget Sound, Washington AET - benthic 
Commencement Bay, Washington bioassay COA 
Puget Sound, Washington AET - benthic 
h g e t  Sound, Washington AEI'- amphipod
EP acute sediment safe level 
Elizabeth River, Virginia bioassay COA 
Eagle Harbor, Washington bioasway COA 
EP chronic marine ciD 4% TDC 
Lake Union,Washington bioassay COA 
SSB with flounder 
SSB with fiounder 
SSB with flounder 
Elizabeth River, Virginia bioassay COA 
Elizabeth Rive:, Virginia bioassay COA 

The data available for 1-methylnaphthalene are from bioassays of wdimente from San 
Francisco Bay and routhem Califomia and amphipod bioassays of sediments spiked with 
mixtures of hydrocarbons. Many of the San Francisco Bay samples were not analyzed tor 1-
methylnaphthalene; the small amount of data available indicated poor concordance between 
toxicity and chomical concentrations. The mean concenbation in southern Lalifomia samples 
that were significantly toxic to amphipods was 192.8 i 461.1 ppb versus 36.2 f 65.6 ppb in 



non-toxic samples. The concentration of I-methylnaphthalcne was 500 ppb in a rnlxture of 
hydracarbona that was toxic to amphipods. There are too little data to determine ER-L and 
ER-M values for this hydrocarbon. 

2-methylnaphthalene 

There are somewhat more data available for 2-methylnaphthalene (Table 59) than for 1-
methylnaphthalene. They are from determinations of Pu et Sound AET; bioassays of 
sediments from Commencement Bay, San Francisco Bay, sout 3em California, and Elizabeth 
River; and amphipod bioassays of sediments spiked with hydrocarbon mixtures. There was a 
small gradient in 2-methylnaphthalene concentrations between San Francisco Bay sample8 
that were least and moderately toxic to bivalve larvae. There was no concordance between 
toxicity to amphipods and 2-methylnaphthalene concentrations in San Francisco Bay. 
Commencement Bay sediment8 that were moderately toxic to both bivalve larvae and 
omphipods had 2-methylnaphthalene concentrations similar to those that were least toxic. 
These data were not used to determine the ER-L and ER-M values (Tnble 8-27), 

The lower 10 percentile of the data suggest an ER-Lof about 65 ppb, a value su ported by 
high toxicity in southem California sediment8 (mean 65 f 154 ppb) (Table 605: The 50 
percentile of the data suggest an ER-M of about 670 ppb, a value supported by four Puget 
Sound AETs (all 670 ppb). There appears to be an overall effects threshold at about 300 ppb, 
but it is sup 
other parts o P"Puget Sound (Table 8-27]. 

rted by relatively few data and data mainly from Commencemenl Bay and 

The degree of confidence in the ER-L and ER-M values for 2-methylnaphthalene should be 
considered as low and moderate, respectively. They are sup orted by small clusters of data. 
There are no single-chemical, spiked-sediment data, no thres !olds predicted by EP methods, 
and the matching biological and chemical data are from on1 a few geographic areas. 
However, the apparent effects threshold lies within the E R - ~ E R - M  range and is not 
contradicted by observations of no effects at greater concentrations. 

Table 59. Summary of sediment effects data avallablc for 2-methylnaphthalene. 
-

References Blological Approach Concentrations (ppb) 
-

Apparent Effects Threshold 

1 1986 PUGET SOUND AET 
- R. abronius amphipod bioassay 670- oyster larvae (C. @gas) bioassay 670 
-benthic cornn~unity composition 670 
- MicrotoxrM bioassay 670 

2 1988 PUGET SOUND Am- R. abronius amphipod bioassay 1900- oyster larvae (C. gigas) bioassay 670 
-benthic community composition 1400- MicrotoxTM bioassay 670 

20 PSDDA guidelines (based u p n  Puget Sound Am)  
- screening level concentration 67 
- maximum level criterion 670 

' SAN FRANCISCO BAY, CALFORNIA AET 
- bivalve larvae bioassay 27 
- R,abronius arnphipod bioassay >I30 



Table 59. 2-methylnaphthalene (contlnucd). 

References Blologlcai Approach Concentratlone (ppb) 

Co-Occwrence Analyses 

80 COMMENCEMENT BAY, WASI-IINGTON - highly toxic (15.7 f 3.9 dead/20) to R.abmnius- moderately toxic (5.2 f 1.1dead/20) to R. nbmnius - least toxic (2.5 f0.9 dead/20) to R. abronius 

- highly toxic (44.5 f 19% abt~ormal) to oyster larvae - moderately toxic (23f 2.3% abnormal) to oyster larvae - least toxic (15.1 f 3.1% abnormal) to oyster larvae 

* SAN FRANCISCO BAY, CALIFORNIA - highly toxic (67 f 11.8% mortality) to R. abronius 
- moderately toxic (33.8 f 4.7% mortality) to R. abm.nius - least toxic (18 f 6.6% mortality) to R. abronius 

- significantly toxic (42.9 f 19.2% mortality) to R. abronius 
- not toxic (18.4 f 6.8% mortality) to R. abronius 

- highly toxic (92.4 f 4.5% abnormal) to bivalvc larvae 
- moderately toxlc (59.4 f 11.3% abnormal) to bivalve larvae 
- least toxic (23.3 f 7.3% abnormal) to bivalve larvae 

- significantly toxic (55.7 f 22.7% abnormal) to bivalve larvae - not toxic (31.9 f 15.5% abnormal) to bivalve larvae 

56 SOUTHERN CALIFORNIA 
- significantly toxic (51.7% mortality) to G,japonicn
- not toxic (23.2% mortality) to G. japonica 

47 ELlZABETH RIVER, VIRGINIA 
- 100% mortality to L. xnnfhurlrs exposed to 100% Elizabeth 

River sediment 
- LC50 (24-h) for L. xanthurus exposed to 56% Elizabeth 


River sediment 

- LC50 (28-d)for L. mnfhurus exposed to 2.5% Elizabeth 

River sediment 

Spiked-Sedlrnent Bioassays 

65 Significant toxicity to R. abronius with mixhrrce of aromatic 
and chlorinated hydrocarbons 500 

.. 
References: 

1. Bella el al., 1986 47. Rokns et al.. 1989 80. 'rem ~ o c h .1985 
2. F'TI Envimnmcntal Services, 1988 56. Anderson er al., 1988 * Various, plcose SCC text 

20. U.S.ACOE, 1988 65. Plesha el al.. 1988 



Table 60. Effecb, range-low and effects range-median values for 2-methylnaphthalene 
and 15 co~centrations used to determine those values arranged in ascending order. 

Concenhatlons (ppb) End Point 

27 San Francisco Bay, California AET 
65 ER-L 
65 Southern California bioassay COA 
98 San Francisco Bay, California bioassay COA 

326 Commoncement Bay, Washington bioassay COA 
500 SSB with k.  abronius: mixtures 
546 Commencement Bay, Washington bioassay COA 
670 Puget Sound, Washington AET - amphipnd 
670 Puget Sound, Washington AET - oyster 
670 Puget Sound, Washington AET - benthic 
670 BR-M 
670 Puget Sound, Washington AET - MicmtoxTM 
795 Elizabeth River, Virginia bioassay COA 

1400 Puget Sound, Washington AET - benthic 
1788 Elizabeth River, Virginia bioassay COA 
1900 Puget Sound, Wdshington AET - amphipod 

31800 Elizabeth River, Virginia bioassay COA 

I-methylphenmthrene 

There arc no data available with which to relate effects in sedirncnts to the 
concentratiorls of this hydrocarbon in s~diments. 

Naphthalene 

Pugct Sound and San Francisco Bay AET conccntrations, freshwater and saltwater SLCs, 
and three EP-derived concentrations are available for na hlhalene (Table 61). Also, co- 
occurrence analyses were performed with bioassay data /'rom Commencement Eay, Eagle 
Harbor, Puget Sound, San Francisco Bay, Lake Union, southern California, and bcnthic 
community data from the Trinity Rivcr. Con~rthations predict~d orprojccted to co-occur with 
toxiclty in dilution series of sediments trom Black Rock Harbor and Eagle Harbor are 
available. Data from SSBs with winter flounder and spot (Leisfomus xanthurus) are also 
available. The winter flounder were exposed to Venezuclan crude mixed into sediments 
placed in a layer in large aquaria for 4 months (i'ayne et a!., 1988). The spot were held for 28 
days in cages that were placed upon and slightly immcrscd in Elizabeth River scdimcnts 
added to large aquaria (Roberts el a!., 1989). 

Naphthalene reprcscnted a small proportion of the total PAH in Black Rock Harbor and 
Eagle Harbor sediments that were tested in dilution scrim. There was either no concordance 
or a small vadicnt in na hthalcne concentrations among San Francisco Bay sediments tested 
with amphipods. Mod'crately toxic Eagle Harbor sedimenls had lower naphthalene 
concentrations than least toxic samples. These data were not uscd to dctcm~ine the ER-L and 
ER-M values (Table B-28). 

The available data (Table 62) suggest an ER-L of about 340 ppb (the lower 10 prccntile 
of the data), a value supporlrd by moderate toxici in I'ugct Sound. There is an overall 7' 'apparent threshold in the data at about 500 ppb; cf ects have becn almost always observed 
above that concentration in sedirents. The 50 percentile value in the data (the ER-M) is 
about 2100 ppb, a value supported by four Puget Sound AETs (2100 ppb) and an LC50 from a 
series of bioassays of Elizabeth River sediments tested with s p t  (2375 ppb). 

There is a relatively largo amount of data and they are hom all the niajor approaches. 
ntere is a consistent cluster of data from two approaches supporting the ER-M value, but not 
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the ER-L value. The ER-L and ER-M values were influenced mainly by San Frnndsco Bay and 
h g e t  Sourd data, respectively. The degree of confidenn? in these values should be considered 
as moderate mtd high, respectively. Exctpt for the Comncement  Bay samples least toxic to 
amphipods and the Trinity River bioassay data, the majod of the data indicate that 
effects almost alwa 1s occur at concentrations above about 508 pp'i:(05 p p ?  napWene. This 
overall apparent e fects threshold is suggest& by an EP-derlved concentration (500ppb) and 
moderately toxlc Commencement Bay sarnpIes (mean 593 f 505 ppb) and liee within the ER-
L/ER-MI range 

Table 61. Summuy of sediment effects data available for naphthalene. 

Reference 	 Biological Approach Concentrationa (ppb) 

Apparent Effects Thnahold 

1 	 1986 PUGET SOUNDAET - R.abmnius amphipod bioassay 
- oyster larvae (C,$$as) bioassay 

-benthic community composition 
- MicrotoxTM bioassay 

2 	 1988 PUGET SOUNDAET 
- R. abronius amphipd bioassay 
- oyster larvae (C. gigas) bioassay 
- benthic community composition 
- MicrotoxTM bioassay 

20 	 PSDDA ddel ines  (based upon Pugel Sound AET)
- screening level concentration 
- maximum level criterion 

* 	 SAN FRANClSCO BAY, CALIFORNIA hET 
- bivalve larvae bioassay 
- R. abronius amphipd bioassay 

Co-Occurrence Analyseti 

57j 	 PUGET SOUND WASHINGTON 
- highly toxic (15-minute EC50; 0.31 f 0.13) to P. phosphoreum 3Y34 * 8864 - moderately toxic (15-minute EC50;2.1 f 0.8) to P. phosphorrum 343 f 38.3 - least toxic (15-minute EC50; 8.9 f 3.3) to P. phosphoreum 36 f 50 

80 	 COMMENCEMENT BAY, WASHINGTON - highly toxic (15.7 f 3.9 dead/20) to R. abronius 
- moderately toxic (5.2 f 1.1 dead/20) to R. abronius 
- least toxic (2.5 t 0.9 dead/20) to R. abronius 

- highly toxic (44.5 f 19% abnormal) to oyster larvae 
- moderately toxic (23 ?: 23% abnormal) to oyster larvae 
- least toxic (15.1 f 3.1% abnormal) to oyster larvae 

85 	 EAGLE HARBOR,WASHINGTOX 
-highly toxic (19.1 f 1.7 dead/20) to R. abronius 1501 f 2064 - moderately toxic (8.2 5 1.8 dead/20) to R,abronius 	 288 f 201- least toxic (2.6 f 1.4 dead/20) to R. abronius 	 456 f 682 

21 - predicted b.30 for R. nbrodus in 10-d dilution yeriev with 

Yaquina Day, Oregon sediment -30 




Table 61. Naphthalene (continued). 

Reference Iliologicrl Approach Concentrations (ppb) 

29 LAKE UNION,WAS'IINGTON- 95% mortality to H.artrca 

* SAN FRANCISCO BAY, CALlFORNIA - highly to& (67 f 11.8% mortality) to R, abronius- moderately toxic (33.8 f 4.7% mortality) to R. abronius - least toxic (18 f. 6.6% morkUty) to K. abronius 

- significantly toxic (42.9 f 19.2% mortality) to R, abmnius - not toxic (18.4 f 6.8% mortaUty) to R. abronius 

- highly toxic (92.4 f 4.5% abnormal) to bivalve larvae - moderately toxic (59A f. 11.3% abnormal) to bivalve larvae - least toxic (23.3 i 7.3% abnormal) to bivalve larvae 

- significantly toxic (55.7 f 22.7% abnormal) to bivalve larvae 
-not toxic (319 f 15.5% abnormal) to bivalve larvae 

56 SOUTHERN CALIFORNIA - significantly toxic (51.7% mortality) to G,japan&- not toxic (232% mortality) to G. japnica 

51 TIUNITY RWER, TEXAS - low benthic species richness (282 f 1.9)- high benthic species richness (33.3 f 4.0) 

47 ELIZABETH RIVER, VIRGINIA - 100%mrtaUty to L. xanfhurus exposed to 100%Elizabeth River 
sediment- LC50 (24-h) for L. xnnfhurus exposed to 56% Elizabeth River 
sediment- LC50 (28-d) for L. xnnthurus exposed to 25% Elibeth  River 
sediment 

58 BLACK ROCK HARBOR, CONNECTICUT - significant toxicity to A. nbdifn in 104 bioassay 

National Screening Level Concentrations 

5 Marine sediments @ I% TOC 

14 Marine sediments @ 1%TOC 

Equilibrium Partltfoning 

4 EPA chronic marine EP threshold (@ 4% TOC) 

17 EPA acute marine EP threshold (@ 4% TOC) 

13 99 rcentile chronic marine permissable contaminant derived from 
crronic water quality criteria CQ 1% TOC 500 



Table 61. Naphthalene (continued). 

Reference Biological Approach Concentrations (ppb)-

13 95 rcentlle chronic mnrine permissable contaminant derived from 
clronic water quality criteria @ 1%TOC 720 

Splked-Sediment Bloassays 

59 Liver somatic condition indices elevated in winter flounder 7370 
MFO induction in winter flounder llver significantly elevated 6200 
MFD inductton in winter flounder kidney signii!cantly elevated l O 7 l O  

1 Total concenbaHon includes sum of naphthalene, I-methylnaphthalene, 2- ' 

methylnaphthalene, 2,6-dimethylnaphthalene, and 2,35-trimethylnaphthalene. 

References: 

1. Roller a al., 1986 17. Lyman er al.. 1987 56.Anderson er 01.. 1988 
2. PI7 Environrncncal Services, 1988 20. U.S. ACOE, 1988 57. Schicwe er al., 1985 
4. Bolmn cr al.. 1985 21. Swam cr d.,1989 58.Rogcrson el al., 1985 
5. Neff el al., 1986 29.Yako el al., 1986 59.Pnync el al., 1988 
13. Pavlou el al., 1987 47.Robm cr 01.. 1989 80.Tctrn Tech.1985 
14.Ncff el al.. 1987 51. Armsuong etal.. 1979 8:. C H ~ MHill.1989 

Various, plesso sco text  

Table 62  Effecta range-low and eifects range-median values for naphthalene and 
28 concenkationa used to determine these values arranged in ascending order. 

Concentrations (ppb) End Point 

77 Southern California bioawy COA 
127 San Francisco Bay, California bioassay COA 
340 ER-L 
343 Puget Sound, Washington bioassay COA 
414 Marine SLC 
500 99 Percentile EP chronic marine @ 1%TOC 
593 Commencement Bay, Washington bioassay COA 
594 Commencement Bay,M'ashington bioassa COA 
720 95 wrcentile EP chronic marine @ 1% T& 
973 ~oinmencementBay, Washington bioassay COA 
1501 Eagle Harbor, Washington bioassay COA 
1564 Commencement Bay, Washington bioassay COA COA 
2100 Puget Sound, Washington AET- amphipod 
2100 Pueet Sound. Washindon AET - ovster .. 
ZIM) E R ~ M  
2100 P u p t  Sound, Washington AET - benthic 
2100 Puget Sound, Warihington AET - MicrotoxTM 
2375 Elizabeth River. Vireinia bioassav COA 
2400 Puget Sound, ~ a s h i n 2 o nAET - a;nphipod 
2700 Puget Sound, Washington AET - benthic 



I 

Table 62 (continued) 

Concentfatiom (ppb) Bnd Point 

3670 Marine SIX 
3934 Puget Sound, Washington bioassay COA 

6 2 0  SSB with flounder 

7370 SSB with flounder 

lW10 SSB with flounder 

11500 Trtnl Rlver,Texas benthos COA 

4 ~ i ~ LakeEnlon, Washington b i w y  COA 

4 m  EP acute marine threshold 8 4% TQC 

53200 Elizabeth River, Virginia bioassay COA 

95000 Elizabeth River, Virginia bioassay COA 


Perylene 

Data available for pe 
muthem California, and E ?'izabeth

lene arc from studies in which bioassays of &in Francisco Bay, 
River sediments were performed (Table 63). There are too 

llttle data to warrant determination of ER-L and ER-M values, however, some of the 
available data suggest a degree of convergence. The San Francisco Bay AET for amphipod 
bioassays, San Francisco Bay sediments highly toxic to amphipods and bivalve larvae, and 
southern California sediments si nificantly toxic to am hipods had similar perylene 
concentrations (230, and means o [i 173, 212, and 17.5 pp{ respectively). The perylene 
concentrations in Elizabeth River sediments that were toxic to L. r a n t h u m  were much higher 
(means of 1677ppb and greater). 

Table 63. Summary of sedlment effects data available for py lene .  

References Blologlcrl Approaches Concentmtlona (ppb) 

Apparent Effects Thresholds 

SAN FRANCISCO BAY, CAI.IFORNIA AET 
- bivalve larvae hioassa i- R. abronius amphipod toasmy 

Co-Qccumence Analyses 

D SAN FRANCISCO BAY, CALIFORNIA 
- highly toxic (67f 11.8% mortality) to R. abroniua 173f124- moderately toxic (33.8 f 4.7% mortality) to R,nbronius 139 f 43 
- least toxic (18f 6.6% mortality) to R. abronius 98f 68 

- significantly toxic (42.9 f 19.2% moriality) to R. abn?~ius 159f92- not toxic (18.4 f 6.8% mortality) to R. abronius Sf68 

- highly toxic (92.4 f 4.5% abnormal) to bivalve larvae 212 f 39 
- moderately toxic (59.4 i 11.3% abnormal) to bivalve larvae 132f92 
- least toxic (23.3f 7.3% abnormal) to bivalve larvae 81 f 78 

- significantly toxic (55.7f 22.7% abnormal) to bivalve larvae 146f 86 
- not toxlc (31.9 f15.5% abnormal) to bivalve larvae 32f55 



Refefmces B i o l q h I  Approaches Concentrations Cppb) 

CmOceurrcnce Analyses 

56 SOUTHERN CALIFORNIA - significantly toxic (51.65%mortality) to G. joponicn- not toxic (232% mortality) to G.japonicn 

47 ELIZABETH RIVER, VIRGINIA - 100%mortality to L. x a n f h u m  exposed to 100% Elizabeth River sediment 50700 I - LCX) (24-h) for L, xanthurus exposed to 56% Elizabeth River sediment 28392- LC50 (284) for L. xanthurus exposed to 2.5% Elizabeth River sediment 1677 I 
References: I 
47. R o b  d d.,1959 
56. Andereon el al., 1988 

Various, please see text 

Phenanthrene 

Data available f3r phenanthrene are from studies in which Puget Sound AETs were 
determined; SSBs were performed with amphipods and winter flounder; national SLCs wen! 
calculated; EP-derived thresholds were predicted; and bioaesays of sediments from 
Commencement Bay, Ea le Harbor, Lake Unlon, San Franclsco Ba , southern California, ffColumbia Rlvcr, and E izabeth River were rformed (Table 64l San Francisco Bay 
sediments that were least, moderately, anrhighly toxic to amphipods had simllar 

henanthrene concentrations. San Francisco Bay sediments that were si ificantly toxic to 
givalve larvae had similar concentrations of phenanthrene compared to 8'ose that were not 
toxic. Eagle Harbor sediments that were mcderately toxic to amphipods had a lower mean 
phenenathrene concml 'n than those that were least toxic. These data were not used to 
determine ER-L and Aues (Table 829). 

The lower 10 *,. d e  value of the data suggests an BR-L of about 225 ppb, a value 
supported b w Callfornfa and San Francisco Bay bioassay data (means of 222 f 136 

b and 22 lt b, respectively) (Table 65). The 50 percentile of the data suggest an ~ E - Mof about ..mu ppb, a value supported by highly toxic Commencement Bay samples 
(mean of 1379 * 2546 pPb) and an EFderived criterion of 1390 ppb. There is an overall 
apparent effects thresh0 d at about 260 ppb, but there are data from Comme~\cement Bay, 
Eagle Harbor, and the Columbia River that contradict that observation. 

The degree of confidence in the ER-L and ER-M values for phenanthrene slrould be 
considered as moderate. There are data from all of the major ap roaches and there is 
convergence within this range, but the data from a SSB with an amp g ipod suggest that the 
effects threshold among sensitive species may occur at concentrations much greater than the 
ER-L/ER-M range. The AET lies wlthin the ER-L/BR-M ran e, but is contradicted by 
observations of no effects at higher concenhatlons determined in t l! ree study areas. 



Table M, Sumnay of srdlment cftecb data avdhblc for phenankne.  

Referenuen Bioi~gtcal Approaches Concentrsticzw fppb) 

Apparent Effe* TRrcahold81 

1 1 9 6  PUGET SOIJND AET - R, abmnius amprupod bioassay 5400- oyster larvae (C.gig=) bioassay 1500 
-benthic community cwnposltion 32M)- MicrotoxTM bioasaay Is00 

2 1988 PUGET SOUNDAET - R,abronius amphipod bioassay 6900 
- oyster larvae (C. gigas) bloassay 1500- benthic community composition 5400 - MicroloxTM bioassay 1500 

20 PSDDA guidelines (based upon Puget Sound AET) 
- scrocning level concentration 320 - maximum level criterion 3200 

* SAN FRANCISCO BAY, CALIFORNIA AET 
- bivalve larvae bioassa 88 
- R,abronius amphipod gi~assay 510 

Co-Occurrence Analynes 

80 COMMENCEMENT BAY, WASHINGTON - highly toxic (15.7 f 3.9 dead/20) to R. abronius 2838 f4603- moderately toxic (5.2 f 1.1 dead/20) to R. abroniw 597 1: 513 
- least toxic (2.5 f0.9 dead/20) to R. abmnius 478 f367 

- highly toxic (44.5 f 19% abno~ma~; 1379f2546t~ oyster larvae 
- moderately toxic (23f 2.3% abnormal) to oyster larvae 593f 345 
- least toxic (15.1 f 3.1% abnormal) to oyster larvae 297 f263 

85 EAGLE HARBOR, WASHINGTON 
- highly toxic (19.1 f 1.7 deadRO) to R. abronius 
- moderately toxic (8.2 f 1.8 dead/20) to R. abronius 
- least toxic (2.6 f 1.4 dead/20) to R. abmnius 

29 - predicted LC50 for R. abmnius in 10d dilution series 

with Yaquina Bay, Oregon sediment 


29 LAKE UNION, WASHINGTON - 95% mortality to H. nzteca 

52 COLUMBIA RIVER, WASHINGTON/OREGON - not toxic (0-13% mortality) to H,a z f w  

* SAN FRANCISCO BAY, CALIFORNIA 
- highly toxic (67 f 11.8% mortality) to R. abronius 242 f203 - moderately toxic (33.8 f 4.7% mortality) to R. abronius 228 f146- least toxic (18 f 6.6% mortality) to R. abronius 188f197 

- significantly toxic (42.9 f 19.2% mortality) to R. abmnius 220 i163 - not toxic (18.4 i6.8% mortality) to R. abronius 199 f205 



%'dlile.64.Smrmryaf scdlmeut effects :dabavrilatile for phemthrcnc. 

Referenam Biological Approaches Concentratlone (ppti) 

Cw8rcumocc Analyuen 

- highly toxic (92.4 k 4.5% abnormal) to bivalve larvae 475 f 160 
moderately toxic (59.4 f 11.3%abnormal) to bivalve larvae 224 k 2(13- least toxic (23.3 f 7.3%abnormal) to bivalve lawae 65 k 30 

- slgnlflcantly toxic (55.7 f 22.7% abnormal) to bivalve larvae 233 k208- n 6 r  ioxic (31.9 f 15.5%abnormal) to bivalve larvae 159 *. 216 

56 SOUTHERN CALIFORNIA - slgniflcantly toxic (51.7%mortality) to G. japonicn 222 f 136- not.toric (23.2% mortality) to G.japnicn 119 f242 

47 ELIZABETH RIVER, VIRGINIA 
- 100%mortality to L. xnnthunrs exposed to 100%Elizabeth 

River sediment 220000 - LC50 (24-h) for L. xanlhurus exposed to 56%Elizabeth River 
sediment 2363200 

- LC50 (28-d) for L. urnlhurus exposed to 25%Elizabeth River 
sediment 

National Screening Level Concentrations 

5 Marine sc4iments 43 1%TOC 259 

14 Marine sediments @ 1% TOC 368 

Equillbrlum Partltloning 

4 EPA chronic marine EP threshold (@ 4% TOC) 56M#) 

17 EPA acute marine EP threshold (@ 4% TOC) 56000 

13 99 percentile chronic marine permissable contaminant derived 
from chronic water quality criteria @ 1%TOC 110 

13 95 percentile chronic marine permissable contaminant derived 
from chronic water quality criteria @ 1%TOC 240 

25 Sediment safe levels b a d  upon sediment/water partitioning 
coefficients and acute water quality criteria @ 1%TOC 14030 

6 EPA interim mean freshwater scdimcnt quality criteria 
@ 1%TOC 1390 

EPA lnterlm mean marine sediment quality criteria 
@ 1%TOC 1020 

Splked-Sediment Bloasssys 

65 Significant toxicity to R. abronius with mixtures of aromatic 
and chlorinated hydrocarbons 5M) 

59 liver somatic condition indices elevated in winter flounder 340 
M W  Induction in winter flounder liver significantly elevated 270 
MFO induction in winter flounder kidney significantly elevated 429 

.-, 



References Biological Approaches Concc?ntrationa (ppb) 

Spiked-Sediment Bloasssys 

21 3680LC50 (10-d) with R. nbronius 

Referenccs: 

1. Bellcr cr al., 1986 17. Lyman a al.. 1987 56. Anderson el al.. 1988 
2. PIIEnvironmcnlalServices, 1988 20. U.S. ACOE, 1988 59. Payne et al., 1988 
4. Bolton cr al., 1985 21. Swam er a[.. 1989 65. Plesha er al., 1988 
5. NcK er al., 1986 25. Pavlou, 1987 85. C!112h4 Hill, 1989 
6. EPA, 1988 29. Yake ef al.. 1986 80. TetraTecl~.1985 
13. Psvlou cr oL,1987 47. Robem el al.. 1989 * Various, please sec text 
14. Neff cr al., 1987 52. Johnson cr al., 1988 

Table 65. Effects range-low and effects range-median values for phenanthrene 
and 34 concentrations used to determine these values arranged in ascending 
order. 

Concentrations (ppb) End Point 

San Francisco Bay, California AET 
99 percentile EP chronic marine @ 1%TOC 
Southern California bioassay COA 
San Francisco Bay, California bioassay COA 
ER-L 
95 percentile EP chronic marine @ 1%TOC 
Marine SLC 
SSB with flounder 
SSB with flounder 
Marine SLC 
SSB with flounder 
San Francisco Bay, California bioassay CDA 
SSB with R, abronius: mixtura 
San Francisco Ba ,California AET 
Commencement Jay, Washington bioassay COA 
Commencement Ba ,Washington bioassay COA iEagle Harbor, Was ington bioaawy COA 
EP interim marine criteria @ 1%TOC 
Commencement Bav. Washineton bioassav COA " 
ER-hi 
EP interim freshwater criteria @ 1% TOC 
Puget Sound, Washington ABT - oyster 
Puget Sound, Washington AET - MicrotoxTM 
Commencement Bay, Washington bioassay COA 
Puget Sound, Washington AET - benthic 
SSB with R. abmnius LC50 
Puget Sound, Washington AET- amphipod 
Puget Sound, Washington AET - benth~c 
Puget Sound, Washington AET - amphipod 
EP acute sediment safe level 



33603 Hagle Harbor, Washington bioassay COA 
56000 EP chronic rnarlne @ 4% TOC 

105500 Elizabeth River, Virginia bioassay COA 
220000 Elizabeth River, Virginia bioassay COA 
410000 Lake Unlon, Washington bioassay COA 

2363200 Elizabeth River, Virginia bioassay COA 

Pyrene 

Data available for p ene are from studies in which Puget Sound AETs were determined; 
national SLCs were carculated; EPderived thresholds were predicted; SSDs with winter 
flounder were conducted; and bioassays of sediments from Commencement Bay, Eagle Harbor, 
Lake Union, San Francisco Bay, southern California, and Elizalwth River were performed 
(Table 66). San Francisco Bay sediments that wcre significantly toxic lo both a~nphipcds and 
bivalve larvae had pyrene concentrations similar to the samples that were not toxic. San 
Francisco Bay sediments that were highly toxic to am lhipods had pyrene concentration3 
similar to those that were least toxic. Commencement ay sediments that were moderateljt 
toxlc to amphipods had mean pyrene concentrations lower than tho% that were least toxic. 
Columbia River sedlrnents with up to 2500 ppb pyrene were not toxk to amphJpodl. dne each 
of the Puget Sound and San Francisco Bay AETs was not definitive. Thew data u ere not used 
to determine ER-L and ER-M values (Table 8.30). 

The lower 10 percentile of the data suggest an ER-L of about 350 ppb pyrene, a value 
supported by a predicted LC50 (350 ppb) for Eagle 1.iarbor sediments tested with amphi 
and observations of altered liver somatic condition in winter flounder exposed to petro podseum 
(360 ppb) (Table 667). The 50 percentile value in the data suggest an ER-M of abaut 2200 ppb, 
a value supported by San Francisco Bay bioassay data (mcan of 2188 ppb). Except for the 
Columbia River bioassay data, most of the data suggest an overall effects threshold at about 
1OOO ppb (1 p m) pyrene. However, as with the other aromatic hydrocarbons, this apparent 
effects thresh0 7d is highly influenced by the Puget Sound AET values. 

The degree of confidence in the ER-L and ER-M values should be considered as moderate. 
Data are available from a number of approaches and geographic areas, an apparent effects 
threshold lies within the ER-L/ER-M range, and there is consistency and clustering of the 
available data. However, there are no data from single-chemical SSBs and most of the 
thresholds predicted by EP methods are much higher than the concentrations within the 
ER-L/ER-M range. 

Table 66. Summary of sediment effects data available for pyrene. 

References Biological Approaches Concentrations (ypb) 

Apparent Effects Threshold 

1986 PUGhT SOUND M T  
- R. abronius amphipod bioassay 
- oyster larvae (C. gigas) bioassay 

-benthic communitycomposition 

- MicrotoxTH bioassay 

I 



I Table 66. Pyrene (continued). 

8, 

References Biological Approaches Concentrations (ppb)-
Apparent Effectti Threshold 

2 1988 PUGET SOUNDAET 
- R. abronius amphipod bioassay 
- oyster larvae (C.gigas) bioassay

-benthic community composition 

- MicrotoxTM bioassay 

20 PSDDA guideUnes b s e d  upon Puget Sound AET)- screening level concentration 
- maximum level criterion 

SAN FRANCISCO BAY, CAI.IFORNIA AET 
- bivalve larvae bioassay - R,abronius amphipod bioassay 

Co-Occurrence Analyses 

80 COMMENCEMENT BAY, WASHINGTON - highly toxic (15.7 f 3.9 dead/20) to R. abronius 
- moderately toxic (5.2 f 1.1 dead/20) to R.abroniua - least toxic (2.5 f 0.9 dead/20) to R. abmnius 

- highly toxic (44.5 f 19% abnormal) to oyster larvae 
- moderately toxic (23 f 2.3% abnormal) to oyster larvae - least toxic (15.1 f 3.1% abnormal) to oyster larvae 

21 EAGLE HAXBOR, WASHINGTON 
- predicted LC50 for R. abronius in lad dilution series 


with Yaquina Bay, Oregon sediment 


29 LAKE UNION, WASHINGTON - 95% mortality to H. azteca 

52 COLUMBIA RIVER, WASI-INGTON/OREGON 
- not toxic (0-13% mortality) to H.otteca 

" SAN FRANCISCO BAY, CALIFORNIA 
- highly toxic (67 f 11.8% mortality) to R. abronius - moderately toxic 133.8 f 4.7% mortality) to R. abronius - lcast toxic (18 -k 6.6%mortality) to R. nhonius 

- significantly toxic (42.9 f 19.2% mortality) to R. abronius 896 k 875- not toxic (18.4 f 6.8% mortality) to R. abronius 743 f 902 

- highly toxic (92.4 f 4.5% abnormal) to bivalve lawae 2188f776- moderately toxic (59.4 f 11.3% abnormal) to bivalve larvae '724 f 939 - least toxic (23.3 f 7.3% abnormal) to bivalve larvae 216 f102 

- significantly toxic 155.7 f 22.7% abnormal) to bivalve larvae 806 f 975 - not toxic (31.9 f 15.5% abnormal) to bivalve larvae 719 ). 1123 

56 SOUTHERN CALIFORNIA 
- significantly toxic (51.7% mortality) to G. japonicn 532 f 372 - not toxic (23.2% mortality) to G. japoniur 184 f318 



'FaVle 66. k n e  (contlnued). 

Rrfwtnccs 	 Blologlcal Approaches Concentxatlona (ppb) 

CmOccwmmcc Annlyscs 

67 	 ELIZABETH RIVER, VIRGINIA- 100% mortality to t. xanthurus exposed to 100%Elizabeth 
Rlver eediment 1350000- LC50 (244~)for L,xanthurus exposed to 56%Elizabeth River 
sPdlment 7 m- LC50 (28-df for L. wrnthurus exposed to 25% Elizabeth River 
sediment 33750 

National Saecning Level Concentrations 

5 	 Marine sediments @ 1%TOC 

14 	 Marine sediments @ 1%Ta: 

Equillbrlum Putltloning 

4 	 EPA chronic marfne EP threshold (@ 4% TOC) 

17 	 HPA acute marine EP threshold (@ 4% TOC) 198000 

13 99 prcentile chronic marine pennimble contaminant 

derived from chronic water quality criteria @ 1% TOC 850 


13 95 percenHle chronic marine pennimble contaminant 
derived from chronic water quality criteria @ 1% MC 1900 

6 EPA interim mean freshwater sediment quality criteria 
based upon EP@ 1%TOC 13100 

25 Scdlment safe levels based upon scdiment/water parHHoning 
coefficients and acute water quality criteria 49500 

Spiked Sediment Bioasaays 

59 	 Liver somaHc condition indices elevat~d in winter flounder 240 
MPO inducHon in winter Rounder liver significantly elevated 300 
MFO induction in winter flounder kidney significantly elevated 182 

References: 

1. Bcllor cr a/., 1986 	 14. Ncff er a/., 1987 47. Robcrts el a/., 1989 
2. PI1 Environmental Services. 1988 17.Lyman er al.. 1987 52. Johnson el 01.. 1988 
4.  Bolton el a/., 1985 	 20. U.S. ACOE. 1988 56. Andcrson el al.. 19b8 
5. Ncff ct a/., 1986 	 21. Swartz el al., 1989 59. Payne el a/., 1988 
6. EPA, 1988 	 25. Pavlou. 1987 80. Tcm Tech, 1985 
13. Pavlou cr a/., 1983 	 29. Yakc el a/., 1986 * Variou., please scc text 



Table 67. Btfccm range-low and effects rangc-mcdian vnlues for pyrene and 28 
concentratloirs used to determine these value8 ururged in mcendlng orden 

Concenkatlonr (ppb) Hnd Point 

SSB with flounder 
SSB with flar~nder 
Bagle Harbor, Washington bioassay COA 
ER-L 
SSB with flounder 
Marine SLC 
Southern Califomla bionssny COA 
Marine SLC 
San Francisco Bay, California bioawy COA 
99 percentile EP chronic marine @ 1%TDC 
Commenccment Bay,Washington bioassa COA 
San P r a n d w  Bay, California bioassay EOA 
Commcncemcnt Bay, Washington bioassay COA 
Commenccment Bay, Washington bioassay COA 
95 percentile EP chronic marine @ 1%1YX 
San Francisco Bay, California bioasmy COA 
ER-M 
Pugct Sound, Washington AET - MicrotoxTM 
San Prancisco Bay, California AET 
I'uget Sound, Washington AET - oyster 
Puget Sound, Washington AET - amphi 
EP freshwater Interim critcnit @ 1%T@ 
Pugot Sound, Washington AET - amphipod
Pugct Sound, Washington ART - benthic 
Elizabeth River, Virginia bloassay COA 
EP acute sedlment safe level 
EP chronic marine @ 4% 7 X  
Lake Union, Washington b~oassuy COA 
Eli7,abcth River, Virginia bioassay COA 
Elizabeth River, Virginia bioassay COA 

No data were located with which to relate 235-himcthylnaphthelctic concentrations in 
seditncnts to measures of biological effects. 

Total Polynuclear Aromatic Hydrocarbons (PAHI 

The data available for total PAH include those from SSBs and co-occurrence analyses of 
matching bioeffats and chemical data from various investigations in the field ('I'nblc 68). 
The SSBs were performed wlth amphipods, bivalve l a ~ a e ,  and the fish L, xanfhurus. The 
matching data are from San Francisco Bay, southern Callfomia, Eagle Harbor, Puget Sound, 
Commencement b y ,  Missidppi Sound, Forth Estuary (Scotland), Hampton Roads, Lower 
Columbia River, Ihassachusetts Bay, and Hudwn-Raritan Bay. In addition to the COA, the 
Mississippi Sound data from two types of bioassays (amphipod Gammarus mucronatus and 
rnysid Mysidopsis almyra) were evaluated to determine AET concentrations. 

Some of the data were not used to determine the ER-L and ER-M values (Table 0-31). 
Some of the data from San Francisco Bay bioassays performed with amphipods, from studies 
of meiofauna in Forth Estuary, from bioassays of Mississippi Sound performed with mysids 
and with amphipods, and from moderately toxic Hampton Roads sediments tested with 
shrimp were not used because they either lacked a gradient in concentration or lacked 



fancatdance between the bto1ogical and the chemical data. One each of the Snn Prencim 
Bay and Mieeimippi Gound AETe wwe not definitive. 

The Gate ry of total PAH is difficult to evaluate since dtfkont individual PAHs have 
been qusnti8'ed by different investigators and reported as total t'AIi (Table 831). Therefore, 
thc data available for evaluation are not necessarily equivale~~t. For example, eome of the 
data were re rted as told PAH w total h drocarbons and the identi and number of 

uantlfisd hyt;*rOCBrarbons were not specified. k n g  (he data ak,evaluatelf: a minimum of 4 
$A*AH~ However, thew is enou h similarity and a maximum of 21 PAHs were quantified. 

h e  data to warrant a cautlous review of the concentrations a m i a t e d  w fth mewurn, 
of el em in sediments. Most investigators reported the sums of 13 to 18 indivldual 
Rydrowrbana. No Puget Sound ABT has been reported for the category of total PAH. Also, 
elnee the Commencement Bay data were re rted ae sums of these two catcgortes (low 
molermlar weight and high molecular weight F'AH), COA were pcrfnrmed with surne of the 
two mean concentrations as an approximation of total PAH. The AET concentrattom 
determined with the Mfssissippi Sound data alaa were of questionable value. No definitive 
AET lor the amphipod biosssay could be determined; the Sam le with the highest PAH 
concentration that was sipificanlly toxic had 205,000 ppb PAH. Ed y one other sam le that 
was significantly toxic to mysids exceeded the AET concentration of 99,400 ppb PAI-!' in the 
eample. 

Effects were associated with total PAIl concentrations as low as 870 ppb, the AET 
determined for San Francisco Ba sediments twted with bivalve larvae bioassay$ (Table 69).
The lower 10 percentile value o Ythe data is equivalent to abaur 4000 ppb (3800 rounded to 
4000 p b), the ER-L concentration. This value is supported by observations in San Pranclsco 
Bay o /'the concentration aswciated with minimum measure8 of bioeffects (38W ppb) and 
significant toxicity to bivalve larvae (mean 4022 ppb). With several exceptios~s, effects were 
usually observed in association with total PAH concentrations of about llOW ppb or greater. 
There is an apparent effects threshold among the data at about 22000 ppb; effects were 
usually observftd at higher total PAH concentrations. The 50 percentile value in the data 
suggests an ER-M concentration of about 3500 ppb. This conccntmUon is supported by the 
observations of low Massachusettn Bay s ies richness (mean of 35000 ppb) and high toxicity 
in Hampton Roads sediments (mean of 3r700 ppb). 

The majority of the data are available from matching biological and chemical analyses 
of field-collected samples, and, therefore, ore subject to the weaknesrs outlined earlier in 
this document. The data from the few SSBs in which individual PAH were quantified 
indicated vcry high !.C50s (e.g., >180,000 ppb). The individual PAH that were quantified 
and the number of PAH that were uantified and summed differ& among inveetigators. 
There are no effects thresholds pred 4cted by EP methods available for a category of total 
PAH. Small clusters of data supported the ER-L and ER-M values. The total data set had 
an extremely wide rangc in concentrations. Because of these problems, the de ree of 
confidence in the ER-L and ER-M values for total PAH should be considered as restively 7 
low. However, there did appear to be a relatively clear overall threshold in tho data. A 
much more standardized method of re rting results and more data arc nwded to determine 
the total PAH concentrations associat erwith measures of effecls in sediments. 

Table 68, Summary of sediment effects data available for total PAHs. 

References Biological Approaches Concfntrations (ppb) 

Apparent Effects Threshold 

1986PUGETSOUNDAET FOR LOW MOLECLLAR WEIGHT PAH 
- R. abronius am hipod bioassay 5200- oyster larvae (lgrgas) bioassay 5200 
- benthic community composition 6100 
- Microtoxw bioassay 5200 

1 



Table 68. Total PAHs (continued) 


Referencer Biological Approaches Concentrations (ppb) 


Apparent Bffccta Thrcrhold 

1 1986 PUGET SOUNDAET FOR MGH MOLECULAR WEIGHT PAH 
- R,abronius amphlpod bioassay 
- oyster larvae (C.88118) bioassay 

-benthic community composition 
- MlcrotoxTM bioaasay 

2 1988 PUGET SOUND AET FOR LOW MOLECULAR WEIGHT PAH 
- R. abronius am hipod bioassay 
- oyster larvae (C! @gas) bioassay 

-benthic community composition 
- MicrotoxTMbioassay 

2 1988 PUGET SOUNDAET FOR HIGH MOLECULAR WEIGHT PAN 
- R,abronius amphipod bioassay 
- oyster larvae (C. gigas) bioassay 

- benthic communi~  composition- MicrotoxTM bioassay 

20 - PSDDA screening level - low molecular weight PAN 
- PSDDA scmning level - high molecular weight PAH - PSDDA maximum level - low molecular weight PAH - PSDDA maximum level - Ugh molecular weight PAH 


' SAN FRANCISCO BAY, CALIFORNIA AET 
- bivalve larvae bioassay - R,ubronius amphlpod bioassay 

84 MISSlSSlI'PI SOUND, MISSISSIPPI AET 
- AET for amphipod bioassay - AET for mysid bioassay 

~ n - ~ c c & e n c eAnalyses 

80 COMMENCEMENT BAY, WASHINGTON: LOW MOLECULAR 
WEIGHT PAH - highly toxic (15.7 f 3.9 dead/20) to R. abronius - moderately toxic (5.2 f1.1dead/20) to R. abronius 

- leist toxic (2.5 f 0.9 dead/20) to R. abmnius 

- highly toxic (44.5 f 19% abnormal) to oyster larvae 
- moderately toxic (23 f 2.3% abnormal) to oyster larvae - least toxic (15.1 f 3.1% abnormal) to oyster larvae 

80 COMMENCEMENT BAY,WASHINGTON: H1GI-I MOLECULAR 
WEIGHT PAH 

- highly toxic (15.7 f3.9 dead/2O) to R. abronius- moderately toxic (5.2 i: 1.1 dead/20) to R. nbronius- least toxic (2.5 f 0.9 dead/20) to R. nbmnius 

- highly toxic (44.5 f 19% abcormal) lo oyster larvae - moderately toxic (23 f2.3% abnormal) to oyster larvae 
- least toxic (15.1 f 3.1% abnormal) to oyster larvae 

18000 

17000 

>51000 

1 2 m  


24000 

5200 

13WO 

5200 


69000 

17000 

69000 

12000 


610 

1800 

6100 

51030 


6977 f8437 

2031 f1316 

1602 f1411 


3835 i-4852 

2003 f1405 

1019 f943 


9794 f12821 

6178 f6438 

4865 *48W 


9042 19573 

5838 f4M2 
2686 f2631 




Table 68. Total P;AHI(continued) 

Reference* Bfologkal Approaches Concentrations (ppb) 

Co-Occunence Analyses 

* SAN FRANCISCO BAY, CALIFORNIA - highly toxic (67f 11.8% mortality) to R. abronius 4227 f5035- moderately toxic (33.8 f4.7% mortality) to R. abronius . 3966f3524 
- least toxic (18f 6.6% mortality) to R. abronius 3323 f 4337 

- significantly toxic (42.9f 19.2% mortality) to R,  abronius 3832 f3927- not toxic (18.4 f6.8% mortality) to R, abronius 3527f4520 

- highly toxic (92.4 f 4.5% abnormal) to bivalve larvae 1 17351:5499- moderately toxic (59.4f 11.3% abnormal) to bivalve larvae 3343 f4W9- least toxic (23.3f 7.3% abnormal) to bivalve larvae 941 f429 

- significantly toxic (55.7f 22.7% abnormal) to bivalve larvae 4022 f4908 
- not toxic (31.9f 15.5% abnormal) to bivalve larvae 2557r 3816 

7 - sediment quality triad significant biocffects - wdiment quality t iad minimum biocfkrts 

PUGET SOUND,WASHINGTON 

57 - highly toxic in MicrotoxTM bioassay 
- moderately toxic in MicrotoxTM bioassay - least toxic in MicrotoxrM bioassay 

26 - highly toxic (95% LPL) to R, abronius - moderately toxic (~87.5%survival to <95% LPL) to R,nbronius 
- least toxic (47.5% survival) to R,abronius 

52 COLUMBIA RIVER, WASHINGTON - low toxicity (0-13%mortality) to H. aztccn 

84 MlSSlSSlPPI SOUND, MISSISSIPPI - highly toxic (90f 11.7% mortality) to mysid M. almyra- moderately toxic ( 53.5 f 7.4% mortality) to m sid M, almyra- least toxic (8f8.8% mortality) to mysid M. ai' myra 

- significant mortality (71.8 f 21.4%) to mysid M. almyrn
- low mortality (8f8.8%) to mysidd M.almyra 

- highly toxic (76.9f 24.1% mortality) to amphipod G. m~rcronutus - least toxic (14.4* 5.9% mortality) to amphipod C; m!!c:gwnlus 

- significantly toxic (80.71 23.2% mcriality) to amphipod 
G, mucronalus 

- not toxic (16f9.4% mortality) to amphipod G. mucronutus 

79 HUDSON-RARITAN ESTUARY, NEW YORK - negative growth in nematode bioassay - positive growth in rtzmatode bioassay 

81 FORTH ESTUARY, SCOTLAND 
- low meiofaunal density (112.4 k 123/sample)
- moderate meiofaunal density (1334 f396/sample)
- high meiofaunal density (354211774/sample) 



Table 68. Total PAlie (contlnucdf 

References 	 Biological Apgroachea Concentrations (ppb) 

Co.Occurrence Analyses 

82 MASSACHUSETTS BAY, MASSACHUSEm - low macrofaunal smesrtchnees (31 f6.5)- moderate macrofaunal species richneas (58.1 110A)- high macrohund species richness (93.6 f 9.4) 

31 HAMPTON ROADS, VIRGINIA - highly toxic (70 f 20.3% mortality) to P. pugio shrimp 35700 f42181- moderately toxic (8.8 f 1.8% mortality) to P,pugio shrimp 12325f10425 - least toxic (2.2 f 1.8% mortality) to P. pugio shrimp 	 16921f20976 

ELIZABETH RIVEK, VIRGINIA 

37 - 56%overall mortality among spot L. xanthum 
- 100% fin erosion among spot L. xanthurus 

47 - 100% mortality to L. xanthurus exposed to 100% Elizabeth River 
sediment 11872oaO 

- LC50 (24-h) for L. xanthurus exposed to 56% Elizabeth River 
sediment 5 3 W- LC50 (28-d) for L,xanfhurus e x p o d  to 25% Elizabeth River 
sediment 2120W00 

56 SOUTHERN CALIFORNIA 
- significantly toxic (51.7% mortality) to G. japonica- not toxic (23.2%mortality) to G.japonien 

58 BLACK HARBOR CONNECTICUT - projected coneenhations significantly toxic to A. abdita amphipod 11273 

21 EAGLE HARBOR, WASHINGTON 
- predicted LC50 concentration toxic to K,abmniw 	 2.590 

Spiked-Sediment Bloaasaya 

59 - elevated liver/somatic indices in winter flounder P. amnicanus 228722 - elevated liver MFO induction in winter flounder P. anrcticanw 183060- elevated kidney MFO induclion in winter flounder P, ameriennus 295860 

28 - Bunker C oil LC50 for R. abronius 	 224W00 

30 - low (7.4%) abnormality in oyster larvae (C.giaas) exposed 
to petroleum products lDODO 

1. Belier ef al., 1986 	 31. Aldcn and Buy 1987 59. Payne el al., 1988 
2. FW EnvironmentalServices, 1988 37. H q i s  et al.. 1984 79. Tietjea el a!., 1984 
7. Chapman el al., 1987 47. Robens el al.. 1989 80. TelraTech, 1985 

20. U. S. ACOE, 1988 52. Johnson and Norton. 1988 81. Long, 1987 
---... 	 21. Swam el of.,1989 56. Anderson ef al.. 1988 82. Clilbcn el a!.. 1976 

--'%, .peWitt ef (11.. 1988 57. Schieweel a/.. 1984 84. Lytlc and LyUe, 1985 
28. Kemy ef 01.. 1986 	 58. Roguson el al.. 1988 ' vnrious, sec text 
30. E,V. S. ConsultanLs, 1988 
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Boncentratiom (ppb) End Point 

San Francieco Bay AET-bivalve 
Predicted LC50Bagle Harbor-amphipod COA 
San Francisco b y  moderately toxic-bivalve COA 
San Francisco Bay hiad minlmurn bioeffccts COA 
ER-L 
San Francisco Ba significantly toxic-bivalve COA 
Puget Sound m od'erately toxic-amphipod COA 
Commencement Bay moderately toxic-oyster COA 
Southern CaUfornla significantly toxic-amphi d COA 
San Francisco Bay hiad significant bioeffccts t?OA 
Black Rock Harbor significantly toxic-am hipod COA 
San Francisco Bay highly toxic-bivalve 8OA 
Puget Souni htghly toxic--amphipod COA 
Commencement Bay highly toxic-oyster COA 
h g e t  Sound moderately toxic-MicrotoxTM COA 
Commencement Bay N ly toxic-amphip COA 
Massachusetto Bay nm? erate species ric ess COA 
Massachusetts Bav low smies  richness COA 

35000 ER-M 
35700 Hampton Roads highly toxic-shrimp COA 

41790 Mississippi Sound significantly toxic-mysid COA 

42'169 Hudson-Raritan highly toxic--nematode COA 

47760 Mississippi Sound highly toxic-am hi 

55630 Puget Sound highly toxic-Miaotox M OA
p eodCOA 
66100 Minsissippi Sound moderately toxic-m sid COA 

83800 Forth Estua i!low meiofauna density zOA 

99400 Mississiooi und AET-mvsid bioassav 

183060 SSB with'winter flounder h e r  MFO ' 

228722 SSB with winter flounder liver condition 

295860 SCB with winter flounder kidney MPO 

530000 LC50 2.5% Elizabeth River--spot COA 

2240000 SSB with LC50 Bunker C oil--amphipod 

3900000 56% mortality Elizabeth River--spot COA 

3900000 10% fin erosion Elizabeth River--spot COA 

11872000 LC50 56% Elizabffh River--spot COA 

21200000 LC100 10% Elizabeth River--spot COA 


DISCUSSION 

Review of ER-Land ER-M values 

l%e ER-L and ER-M concentrations for each chemical and chcmical group are summarized 
and listed in Table 70. Also, the ratios between the respective ER-L and ER-M values for 
each chemical are listed as a measure of the sprcad or range in the chcmictl concentrations. 
This ratio was generally lowest (average of 4.2 to 1) for thc trace mctals (especially 
cadmium, chromium, arsenic, nickel, end zinc) and highest (average of 8.1 to 1) for the 
organic compounds (excluding total DDT,endrin, and dieldrin). 

The available data for some chemicals indicete agreements among the various 
approaches and the various data sets that were evaluated. For example, there is a 
relatlvely large amount of data available for cadmium generated from a variety of methods. 
The Puget Sound AET concentrations range from 5.1 ppm to 9.6 ppm; the 10-d LC50 



concenhations from many SSBs wfth amphipods range from 5.6 to 11.5 p m; and significant 
toxicity to amphipods and reduced echinoderm abundance in Southern &lifornla sediments 
occurred in samples with mean cadmium concentrations of 5.3 and 6.2 p m respectively. 
Effects were not observed in sediments with cadmium concenhaHone of less t Ear,' about 4 p m 
With some exceptions, biological effects were usually observed in association with cad&m 
concentrations of 5 ppm or greater. The reponderance of evidence fmm these data suggest 
that effects are likely or expected as caddum concmhations in sediments reach about 5 p m. 
Also, the effect of adding or deleting data upon the ER-L and ER-M values for cad mf'um 
would likely be relatively small. 

For some other chemicals, there was less agreement among the data from various 
ap roaches and the degree of confidence in the accuracy of the resulting BR-L and ER-M 
vaf'ues was relatively low. For example, the Puget Sound AET concentrations for chromium 
are 260 and 270 Ppm, whereas effects were observed elsewhere in association with mean 
concentrations as ow as 61 ppm and as high as 1646ppm. Many of the biological measures of 
effects were not in concordance with chromium concenhaHons, suggesting that chromium had a 
minimal role or no role in causation. In another example, the SLCs for total PCBs range from 
2.9 ppb to 42.6 ppb based upon a relatively large amount of data; whereas, the Puget Sound 
AET concentrations range from 130 p b to 3100 ppb, the San Francisco Bay ART ran e from 54 
to 260 p b, the chronic marine thres old predicted by EP methods is 280 ppb, an the LC50 R f 
from a sf'SB performed with amphi s is 10800 ppb. The effect of adding or deleting data 
upon the 8R-L or ER-M values cou d P"'be significant for some of the chemicals for which there 
is little consistency or clustering in the data. Obviously, for many chemicals there is yet 
much to be learned as regards the chemical concentrations in sediments that cause biological 
effects. 

The chemical concentrations associated with no effects often were as infornjativc as the 
concentrations associated with measures of effects. Sediment bioassays performed with 
relatively highly contaminated sediments from San Diego Bay, New York Harbor, and Eagle 
Harbor indicated low toxicity; whereas, sediments from other areas or tested with other 
approaches with similar or lower chemical concentrations were very toxic. Assuming that 
these tests were conducted with proper methods, the data may sug est different degrees of 
availability of the sediment-sorbed chemicals. Based upon the met ods described, we had R 

no reason to eliminate these data. 

Overall, the degree of confidence in the accuracy of the ER-L and ER-M values should be 
considered as moderate for the metals group and PCBs and low for the pesticide and PAH 
groups. Much more data are needed to support or refute the ER-L and ER-M values for all 
groups and for individual analytc3 within the groups. 

Also included in Table 70 is a summary of the subjectively determined, overall apparent 
effects threshold for each chemical; the concentrations at and above which biological effects 
were usually or always observed. The ER-L and ER-M values were established objectively 
with a priori selection criteria, i.e., the lower 10 percentiles and 50 percentiles of the 
available data. They were not established following review and evaluation of the data for 
each chemical. However, following a review of the available data for each chemical, 
apparcnt effects thresholds were often observed and noted. Ibcse thresholds were established 
with a subjective approach. Therefore, they were identified and listed as evidence to support 
the accuracy of the ER-L/ER-M values and as hypotheses to bc evaluated with additional 
data. They were not used to rank the NSdrT Program sites. For several chemical analytea 
(i.e., chromium, total DDT, dieldrin), there was no apparent effects threshold. For many of 
the pesticides and aromatic hydrocarbons, there were insufficient data to determine a 
threshold, noted as not sufficient data (NSD)in Table 70. For many of the analyteu, e.g., 
mercury, there were inconsistent data at concentrations above the apparent effects thrcsholds, 
i.e., data from some studies indicated no effects at relatively high concentrations of the 
analyte. The apparent effects thresholds for most of the trace metals, PCBs, DDT, and some 
of the aromatic hydrocarbons were very similar to the respective ER-M values or within the 
ER-L/ ER-M range. However, the a P parent threshold was outside the ER-L/ER-M range for 
antimony and lead. The apparent ef ects threshold for antimony was 25 ppm, a concentration 
equivalent to the ER-M concentration. The apparent effects threshold for lead (300 ppm) on 



Tmblm 70. +Summaryof ER.L, En.& mnd o v a l  mppurnt .thoO thmsholds o e m W o n r  tor u 1 M . d  ohmka l s  
In ~ I m r I I t(dry rlpht). 

Anllmony 26 Moderale/modereto 
Araenlo 60 Lowlm~dorale 
Fadmlum 6 Hlplllhlgh 
Chromium NJ Moderale/moderale 
OOllpPf 800 Hl~hlh lph 
L M  300 Modoral~lhlgh 
Meroury i Modente/hlpL 
Nlolrel NBD' . Moderare/modefate 
811ver 1.7 Modoralelmodorale 
Tln M NA 
zlno 280 Hlohlhlgh 

TMal PCB0 60 400 7.6 370 Madernlelmoderale 

DDT mnd M.taboll(.e (ppb) 

DDT 7 7 8 Lowllow 
WD 20 10 NSD Moderalcllow 
OOE 15 7.6 ten Lowllow 
Total DD7 350 117 NJ Moderalolmodernle 

Other P-mllcldam (ppb) 

Llndano WD NA" 
Chlordane 2 LOW/lOW 
MepIaohlOr WD NA 
Dleldfln NJ L0Wll0W 
Aldrln WD NA 
Endrln 
Mlrox 

Acanaphlhene 150 660 4.3 160 Lowllow 
Anlhracone 86 960 11.3 300 Lowlmodor~~lo 
Benzo(a)nnlhrawne 230 1800 7 650 Low/modoralo 
Eonzo(a)pyrone 400 2500 6.2 700 Modoratelmoderale 
Eenzo(0)pyrane NA NA NA WD NA 
Blphenyl NA NA NA WD NA 
Ohfyeene 400 2800 7 000 Modoratelmodorate 
nlbonz(a,h)nnlhrawne 80 260 4.3 100 ModoralolmodornIo 
2.6-dlme1hylnephlhyleno NA NA NA WD NA 
Fluorenlheno 800 3800 6 1000 ~:ph/hlgh 
Fluorone a6 840 10 3 360 .ow/low 
1 .molhylnaphlhnlon~ NA NA NL tm NA 
2.methylnaphlhnleno 6 6 670 10.3 300 Lowlmodo~alo 
I-mothylpher~anlhrenv NA NA NA tm NA 
Nnphthalene 340 2100 8.2 500 Modoralalhlgh 
Peryleno NA NA N4 WD NA 
~hensntlireno 226 1380 6.1 260 Modorntelmodoralo 
Pyreno 350 2200 6.3 1000 Modoratnlmoder~to 
2,3,6.trlmethylnaphlhalen~ NA NA NA WD NA 

T ~ a l?AH 4000 36000 8.8 22000 Lowllow 




the other hand, was conalderably higher than the respective BR-M concentration (110 ppm), 
rceulting in a somewhat lower de@ee of confidenee in the ER-Mvalue for lead. 

Evaluation of NS&T Program Data 

The ER-L and ER-M concentrations were com ared with the ambient concentrations 
measured by both the Benthic Surveillance Project P$letter site location codes) and Mussel 
Watch Project (4-letter slte description codes) of the N%T Program. The data from the 
NS&T Program were assembled from (usually)2 successive years of measurements at numerous 
sites around the coastal United States. Overall average concentrations were calculated for 
each analyte measured in sediments from each site. Thoac sites in which the average 
analyte concentration8 exceeded the respective ER-M values are listed in Table 71. Those 
sites in whlch the average analyte concentrations exceeded the respective ER-L values, but 
not the ER-M values, are listed in Table 92. 

The ER-L and ER-M values for arsenic were not reached or exceeded at any NS&T 
Sam ling slte. The average ambient concentrations of antimony, cadmium, copper, and total 
PN! did not exceed the respective ER-M values at'any of the sites. 

Among the trace metals, the ER-M value for chromium was exceeded by sediments from 
the most sites (25 out of about 200 sites). The average chromium concentration of 2114 ppm 
observed in the aedimente from site SAL (located in Salem Harbor, Massachusetts) was the 
hlghest, excccdIng the ER-M value over an order of magnitude. Chromium concentrations 
also were very high at sites PAB ? in Sen Pablo Bay, California) and HMB (in Humboldt 
Bay, Callfomia). Average lead concentrations were hi 11est in site OEIH (In the Oakland 
estuary, California), exceeding the ER-M by about twofol8. The ER-M of i.3 ppm for mercury 
was exceeded by the average concentrations at six sites, including an average of 3.3 ppm at 
slte HRUB (located in the Hudson/Raritan estuary, New Jersey). The average nickel 
concentrations at 21 sites exceeded the ER-M value for nickel. The average silver 
concentration of 7.2 ppm at site BOS (located in Boston Harbar, Massachusetts) exceeded the 
ER-M b about threefold. All but one of the sites that exceeded the silver ER-M were located 
in Nort least estuaries or bays. 

The ER-M concentrations for many of the aromatic hydrocarbons were either not exceeded 
by the average ambient concentrations or exceeded at only one or two sites. Site NRUB 
exceedcd many of the ER-M values for individual PA.H and nearly exceeded the EP,-M value 
for total PAH. Slte BOS also had relatively high cor~centrations of some PAHs. 

The average PCB concentration in site BOS was about 20 times higher than the ER-M for 
PCB. PCB concentrations also were high at dtc SAWB (located in Saint Andrew Bay in 
western Florida). The ER-M for total DDT was exceeded by four sites in sout11em California 
located near each other (PVRP, SPFP, SPB, SPC) and a site (CBSP) in Choctawatchee aay, 
Florida. Chlordane concentrations at site CBSP and at site OEIH, located in the Oakland 
Inner Harbor. Califomla, were over two-fold higher than the ER-M value. 

The ER-L concentration for arsenic was not exceedcd at any of the sites. The ER-L values 
for many 01 the metals, notably, chromium, copper, lead, mercury, nickel, and zinc, were 
exceedcd by the ambient concentrations at many of the sites (Table 72). The average 
cadmium concentrations and acenaphthene concentrations exceeded the respective ER-L values 
at only two sites each. Average ambient concentrations of dieldrin, total DDT, anthracene, 
benzo(a)anthracene, fluoranthene, phenanthrene, and pyrene at many si'es exceeded the 
respective ER-L values. The EX-Lconcentrations were sufficiently low for dieldrin and total 
DDT, that the average concentrations at the majority of the NS&T Program sites exceeded 
them. The dieldrin and total DDT data from the NS&T Program suggest that the ER-L 
values for these two contaminants are possibly unrealistically low, since the concentrations at 
such a large number of sites exceeded them. 

Tables 73 and 74 summarize and rank the sites in which the average analyte 
concentrations exceeded the most ER-M and ER-Lvalues, respectively. Those sites that had 
the greatest numbers of exceedances were those in which the potential for adverse effects 





were' aarruqwd +s be the highest. The sediment collected at the OEIH and HRUB sites 
excvwled ?5.' most BR-M concenhations (Table 73). Sites MRRB and NYSH (both in the 
Hr~~.;m/Neritanestuary), LlTN (weetan Long Island Sound), and 80S also exceeded many of 
the ER-M concentrations. 

Sites BHDI (Boston Harbor), LISI, LIMR, LIHH (all Long Island Sound), and CBMP 
(Cheeepeake Bay) exceeded the most ER-L concentrations (Table 74). As ex ected, the 
eedlments from many more sites exceeded the ER-L concentrations than exceed dl the ER-M 
values. 

Overall cumulative ranks of the top 30 sites are listed in Table 75. These ranks were 
determined b considering exceedances cf both the ER-L and ER-M concentrations. One point 
was ansignel for each ER-L coccentratton exceeded by the sediments at each site. The 
average ratio of the ER-I. rdiues to the ER-M values in Table 70 was 4.2 for the metals and 
8.1 fur the orgagicz (excluding fl~talDDT, dieldrin, and endrin). Using these average ratios, 
4.4 point8 were assigned for each metal ER-M that was exceeded at a site and 8.4 points for 
each organic ER-M that wan exceeded. Then, the sum of the points for the ER-L and ER-M 
exceedances at each site was determined and used to formulate an overall rank of the sites. 

Based upon this approach, site HRUB ranked highest in overall potential for inducing 
sediment-related effects (Table 7.9, folfoweii by sites BOS,OEIH, and LITN. Sites LlSI and 
LIMR aediments exceeded 20 ER-L concentrations each, but exceeded none of the ER-M 
concentrations. Sites PVRP, SPPP, SPB, and SPC, all located near LOBAngeles, California, 
exceeded relatively few ER-L values, but exceeded some of the ER-M concentrations for DDT, 
its derivatives, and other organics. Only one site along the Gulf of Mexico coastline, site 
CBSP in Choctawatchee Bay, Florida, ranked among the top 30 sites. It had high 
concenhations of pesticides. 

The sampling sites with the highest potential for adverse effects are located within the 
I-Iudson/Raritan estuary, western Lon &Island Sound, Boston Harbor, Chesa eake Bay, New 
York Bight, Oakland Inner Harbor of n Francisco Bay, St. Andrew Ra ,SaPem Harbor, and 
in parts of southern California near Los Angcles and San Pedro, 8ut of a total of 212 
sampling sites, 172 sites exceeded at least one ER-L value. Most of thr sites that did not 
exceed OR-L valury were located along the Gulf Coast and alon 
the Pacific Coast. Site UISB, located in a very remote portion o PAlaska and assume%yi,f 

the outer coastaI r 

relatively pristine area, exceeded the ER-L values for antimony, chromium, and nickel. 

CONCLUSIONS AND RECOMMENDATIONS 

Effects-based national sediment quality criteria are not currently available for all of the 
NS&T Program analytes. 
sediment qualily standards have been u 

Three major a Jproaches to the determination of effects-based 
to generate an estimate of the concentrations of 

selected toxicants in sediments that may be associated with or the cause of biological effects. 
The three approaches involve the use of equilibrium-partitioning rinciples, s iked sediment 
bioassa'ys, and various methods of evaluating matching biologica P effecls an J'chemical data-
from analyses of field-collected samples. 'Il~e resultin sediment quality values derived from 
all three approaches were used in the present 3ocument and treated as equal. A 
preponderance of evidence from the various a proaches was used to establish informal 
guidelines for use in the evaluation of NOAA &&T Program sediment chemical data. By 
using a preponderance of evidence, the influence of any single value in setting guidelines was 
minimid.  Thew guidelines were in two forms: concentrations at the low end of the range 
and equivalcnt to the median of the range within which biological effects were observed. 

ER-L values were determined as the concentrations equivalcnt to the lower 10 percentile 
of the available 6ata in which effects were detected. These values represent an 
ap roxirnation of the concentrations at which adverse effects were first detected. The ER-M 
vaf'ues were determined as the concentrations equivalent to the median (50 percentile) of the 
available data in which effects were detected. These values represent an estimate of the 
concentrations at or above which effects were often detected. Both the ER-Land BR-M values 
were established objectively by determining the lower 10 percentile and 50 percentile points 
in the data. This approach followed that of Klaww and I.c.wis (19791 in which m s r i n n  



water quality rtandwda lot Califomla were established. In that effort, KIa w and Lewil,
I (1974) wy*Luated only rpked water bloassay data, I.e., they c o m e  appP"ea wlth applea. 

t effort, data froma varie of a proaches and from studfee onned in aman 
withmthe?"-a plfiuantly different pollutionxistoI! es were evaluated, equivaP"'ent to compadn 
grapee end watermelon$. n\enecessity to compare@ape4and watermelonsis sym mattc o$" Bf 
the current staNs of howled regarding the degree of sediment contadhe on that is 
assodated with m e a e m  of bio%glcal effects. 

ER-L and BR-M idelinee were identifled for most (31) of the chemical analytea that are 
quantified by the &T Pr am. However, no guidelines could be established for nome 
anal tee due to a lack of au dent data. For scme analytes, there was a very low degree ofId r 
co den@ in the accura of the guidelines, due mainly to relatively poor conelstency among
the data from the vaaoue approaches and/or due to a lack of data from multiple
complimentary a ches. For a few analytes, such as cadmium there wan good conaietency 
among the data,= from many approachee conver ed upon a relatlvely small range in 
concentrations and an overall apparent effects thresaold agreed with or was wlthln the 
effects range, and, therefore, there was a relatively hi h degree in confidence In the 
informal guidelines. Except for these latter few analytes, t is very obvious that more data 
are needed to reduce the uncertainty in the data. 

f 
Table 71. BR-M concentratirma for each NS&T Program andyte, NS&T Program sites 
that exceed the ER-M concentrations, geographic locations of those sites, and the 
average concentratlons (dry weight) of the malyte at the slte. 

Site Description Location Concentration 

Antimony (225 ppm) 

BBSM 
BHDI 
BHDB 
HRLB 
HRRB 
LITN 
FWYSH 
PVRP 
PVMC 
SFDB 
SFEM 
SFSM 
SPSP 
TBSR 
YHSS 
OElH 
BOD 
BOS 
HMB 
HUN 
OAK 
PAB 
KAR 
SAL 
Sns  

Bcllingham Bay, Washington
Boston Harbor. Massachusetts 
Boston arbor; Massachusetts 
Hudson-Raritan Estuary, New Jersey 
Hudson-Raritan Estuary, New Jersey
Long Island Sound, New York 
New York Bight, New Jersey
Palos Verdes, California 
Port Valdez, Alaska 
San Prandm Bay, California 
San Francisco Bay, California 
San Frandsco Ba California 
San Pablo Bay, Glifornia 
Tornales Bay, California 
Ya ulna Bay, Oregon 
024and Estuary, California 

California 
r, Massachusetts 

Humboldt Bay, California 
San Prandsco Bay, California 
OaErnd Estuary, California 
Sen Pablc b y ,  California 
Rarltan Bay, New Jersey
Salem Harbor, Massachusetts 
San Pranciw Bay, California 



Location 

BHDI Boston Harbor, Massachusetts 
B,W,DB Boaton Harbor, Massachusetts 
HRLB Hudmn/Radtan Estuary, New jersey 
HFKrB Hudson/Raritan Estuary, New Jersey 
=B Hudson/Rarltan Estuary, New Jersey 
LIHH Long Island Sound, New York 

Long Island Sound, New York 
New York Bight, New Jersey 
Oakland Estuary, California 
Boston Harbor, Massachusetts 
Long Beach Harbor, California 
Raritan Bay, New Jersey 
Salem Harbor, Massachuvetts 

Mercury (21.3 ppm) 

HRLB HudsodRaritan Estuary, New Jelscy 
HRUB Hudson/Raritan Estuary, New Jersey 
H.R:K.B Hudson/Raritan Estuary, New Jersey 
NYSH New York Bight, New Jersey 
OEM Oakland Estuary, California 

RAR Raritan Bay, New Ierscy 


Nickel (550 ppm) 

, 	 Bellingham Bay, Washington 
Barber's Point, Hawaii 
Chesapeake Bay, Maryland 
Chesapeake Bay, Maryland 

OEIH Oakland Estuary, Califomin 
PVMC Port Valdez, Alaska 
SFDB San Francisco Bay, California 
SFEM San Francisco Bay, California 
SFSM San Francisco Bay, California 
SPPP San Pedro Bay, California 
SPSP San Pablo Bay, California 
TBSK Tomales Bay, California 
WlPP Whidbey Island, Washington 
BOD Bodega Bay, Callfomia 
HMB Humboldt Bay, California 
HUN San Francisco Bay. California 
OAK Oakland Estuary, California 

San Pablo Bay, California 
San Francisco Bay, California 
Chesapeake Bay, Maryland 

Silver (22.2 ppm) 

BHDI 	 Boston Harbor, Massachusetts 
BHDB 	 Boston Harbor, Massachusetts 

Hudson/Rarltan Estuary, New Jersey 
Hudson/Raritan Estuary, New J e m y  

PPm 

110.0 

1328 
143.7 
1373 

196.7 

140.0 
172.2 

1545 

206.7 

127.0 

1263 

1823 
167.2 


PPm 

1.6 

3.3 

2.4 

1.8 

2.3 

2.3 


PPm 

1683 

58.3 

55.0 

64.7 

1333 

65.7 

90.8 

110.0 

1125 

55.0 

121.8 

166.7 
56.4 

54.8 

60.1 

103 

104.0 

87.8 

72.1 
62.2 

PPm 

3.1 

3.1 

2.4 

4.6 



Tabla 7il. (cantLnutB) 

Site Dewtption Location Concentration 

Silver (continued) PPm 

NRUB 
WRRB 
LIHH 
LITN 
NBMH 
NYSH 
PVRP 
BOS 
R AR 

Hudson/Raritan Estuary, New Jemy 
Hudson/Raritan Estuary, New Jersey 
Long Island Sound, New York 
Long Island Sound,New York 
Narragansett Bay, Wade Island 
New York Bight 
Palos Verdes, California 
Boston Harbor, Massachusetts 
Raritan Bay, New Jersey 

3.4 
4.6 
4.9 
5.7 
2.2 
4.0 
2.8 
7.2 
4.7 

Zinc (2270 ppm) 

i 

CBHP 
CBMP 
HRRB 
LIHH 
NYSH 
OEIH 
RAR 
SDA 

Chesapeake Bay, Maryland 
Chesapeake Bay, Maryland 
Hudson/Raritan Estuary, New Jersey 
Long Island Sound, New York 
New York Bight, New Jersey 
Oakland Estuary, California 
Raritan Bay, New Jersey 
San Diego Bay, California 

PCBs (5380 ppb) 

BBAR 
BHDB 
HRRB 
LITN 
NYSH 
PVRP 
SAWB 
BOS 
ELL 
R AR 
SAL 
SDA 

Buzzards Bay, Massachusetts 
Boston Harbor,Massachusetts 
Hudson/Raritan Estuary, New Jersey 
Long Island Sound, Connecticut 
New York Bight, New Jersey 
Palos Verdes, California 
Saint Andrew Bay, Florida 
Boston Harbor, Massachusetts 
Elliott Bay, Washington 
Hudson/Reritan Bay, New Jersey 
Salem Harbor, Massachusetts 
San Diego Harbor, Califomia 

Dieldrin (28 ppb) 

BHDB 
OEIH 
LlTN 

Boston Harbor, Massachusetts 
Oakland Estuary, California 
Long Island Sound, New York 

DDT fp,p' + o,p'-DDT) (27 ppb) 

CBSP 
HRLB 
MBTP 
MBTH 
OSBJ 
OEIH 
PVRP 
SPPP 
SAWB 
RAR 

Choctawatchee Bay, Florida 
Hudson/Raritan Estuary, New Jersey 
Matagorda Bay, Texas 
Moriches Bay, New York 
Oceanside, California 
Oakland Estuary, California 
Palos Verdes, Cnlifornia 
San Pedro Harbor, California 
Saint Andrew Bay, Florida 
Raritan Bay, New Jersey 

182.0 
9.1 
9.6 

14.9 
7.6 

10.1 
556.0 

7.1 
8.3 
8 
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Table 7E. (continued) 

Chlordane (26ppb) P P ~  

CBSP Choctawatchee Bay, Florida 18.9 
HRJB Hudson/Raritan Estuary, New Jemy 6.8 
LIHH Lon Island Sowd,NewYorkJ 7.3 
OBIH 0 and Estuary, California 14.3 
LITN LongIslandSound, New York 8.5 

Acenaphthene 6650  ppb) PPb 

HRUB 
SAWB 
SAL 

Hudson/Rarltan Estuary, New Jersey 1983.3 
Saint Andrew Bay, Florida 11082.3 
Salem Harbor, Massachusetts 1100.6 

HRUB Hudson/Raritan Estuary, New Jersey 3258.3 

WRUB Hudson/Raritan Estuary, New Jervey 4616.7 

Pluorene (2640ppb) ,* 

Naphthalene (521Wppb) 

Phcnanthrene M880 ppb) P P ~  

HRUB Hudson/Rarltan Estuary, New Jersey 2505.8 

Pyrene hZZ00 ppb) P P ~  

HRUB Hudson/Raritan Estuary,New Jersey 6096.7 

HRUB 
BOS 

Hudmn/Raritan Estuary, New Jemy 830.0 
Boston Harbor, Massachusetts 37743 

Dlbenz(a,h)anUurene ppb) P P ~  

BOS Boston Harbor, Massachusetts 385.6 

Total PAM (235000 ppb)* P P ~  

* Ambient concentratioions at none of the sites exceeded or equaled theER-hA for these 
chemical analytea. 



Table 7& 8R-L and ER-M concentsatiom for each N9d.T Pmgr~mandyk,NS&T Pmgnm 
site8 at which the average concentrations exceeded the BR-L concentrations but not the 
ER-Maoncentratlom, geograpNc locatiom of those sites, and the average concenhaatons 
(dry weight) of the analytc at the site. 

Site Description Location Concentration 

Anthony (52 4 0  ppm) 

BBSM 
BHDI 
BHDH 
BHHB 
CBMP 
CBTP 
E r n  
HRJB 
HRLB 
HRUB 
HRRB 
LIHH 
LITN 
NBMH 
NYSH 
PVMC 
SSBI 
SIWP 
UISB 
WIPP 
BOS 
RAR 
SAL 
UCD 

Arsenic (533 <7O ppm) 

Cadmium (25 69 ppm) 

PVRP 
SAL 

Chromium (2806145 ppm) 

CBHP 

Bellingham Bay, Washington 
Boston Harbor, Massachu9~tts 
Boeton Harbor, Massachusetts 
Boston Iierbor, Massachusetts 
Chesapeake Bay, Maryland 
C o m m e n c ~ n tBay, Washington
Elliott Ba Washington
~udson/&tan Estuary, New Jersey 
Hudson/Raritan Estuary, New Jersey 
Hudson/Raritan Estuary, New Jersey 
Hudson/Raritan Estuary, New Jersey 
Long Island Sound, New York 
Long Island Sound, New York 
Narragansett Bay, Rhode Island 
New York Bight, New Jersey 
Port Valdez, Alaska 
South Puget Sound, Washington
Sinclair Inlet, Washington
Unakwit Inlet, Alaska 
Whidbcy Island, Washington
Boston Harbor, Mass2chusetb 
Raritan Bay, New Jersey 
Salem Harbor, Massachusetts 
Upper Chesapeake Bay, Maryland 

Palos Verdes, California 
Salem Harbor, 'Xassachusctb 

Chesa~aake hry, Maryland 
Coos Be;, O r q ~ n  
Delaware Bay, ;)elaware
Delaware Bay, Delaware 
Elliott Bay, Washington 
Hudson-Raritan Estl~ary,New Jersey 
Hudson-Raritan Estuary, New Jersey 
Humboldt Bay, California 
Long Island Sound, Connecticut 
Long Island Sound, New York 
Long Island Sound,New York 
Long Island Sound, New York 
Buzzards Bay, Massachusetts 
Charleston Harbar, South Carolina 
Coos Bay, Oregon 
Casco Bay, Maine 
Elliott Bay, Washington 



Table 72 (continued) 

Site Description 

Chromium (continued)) 

PRN 
GRB 
MOB 

NAR 

NIS 

PEN 

PNB 

NBMH 

PBSI 

PRPR 

SPFP 

SIWP 

TBHP 

UlSB 

WIPP 

YBOP 

JFNB 

SDA 

SEA 

SPB 

SPC 

UCB 

WLI 


Copper (270 410  ppm) 

BHDI 

RHDH 

HRLB 

HRUB 

HRRB 

LlNR 

LIHH 

LIHU 

LIMR 

LlTN 


NYSH 

PVRP 

SPFP 

SIWP 

OEIH 

BOS 

ELL 

NAR 

OAK 

RAR 

SAL 

SD A 

SPB 

WLI 


Location 

Frenchman Bay, Maine 
Great Ba New Jersey 
Mobile $:ay, Alabama 
Narra ansett Bay, Rhode Island 
pugelLund,Washigton 
Pensacola Bay, Florida 
Penobmt Bay, Maine 
Narragansett Bay, Rhode Island 
Penobmt Bay, Maine 
Point Roberts, Washin on 
San Pedro Harbor, Caf'ifomia 
Sinclair Inlet, Washington 
Tillamook Bay, Oregon 
Unakwlt Inlet, Alaska 
Whidbey Island, Washington 
Yaquina Bay, Oregon 
Neah Bay, Washin on 
San Diego Ba E,Ca ifornia r 

Seal Beach, alifornia 
San Pedro Bay, California 
San Pedro Canyon, Callfomia 
U per Chesapeake Bay, Maryland 
& s t  Long Island Sound, New York 

Boston Harbor, Massachusetts 
Boston Harbor, Massachusetts 
Hudson/Raritan Estuary, New Jersey 
Hudson/Raritan Estuary, New Jersey 
Hudson/Raritan Estuary, New Jersey 
Long Island Sound, Connecticut 
Long lsland Sound, New York 
Long lsland Sound, New York 
Long Island Sound, New York 
Long Island Sound, New York 
Narragansett Bay, Rhode Island 
New York Bight, New Jersey 
Palos Verdes, California 
San Pedro Harbor, California 
Sinclair Inlet, Washington 
Oakland Estuary, California 
Boston Harbor, Massachusetb 
Elliott Bay, Washington 
Narragansett Bay, Rhode Island 
Oakland Estuary, California 
Raritan Bay, New Jersey 
Salem Harbor, Massachusetts 
San Diego Bay, California 
San Pedro Bay, California 
West Long lsland Sound, New York 

C o m t r a t b n  

PPm 



Table 72 (continued) 

ABWJ 

BWHB 

BBAR 

CBHP 

CBSP 

HRJB 

LICR 

LISI 

LIHU 

LIMR 

MBTH 

NBMH 

NBCI 

PVRP 

SAWB 

SFDB 

SFEM 

SFSM 

SI'FP 

SIWP 

SSBI 

TBHB 

GRB 

N AR 

OAK 

PEN 

SDA 

SPD 

UCB 

WLI 


Mercury (50.15<1.0 ppm) 

BBSM 
BHDI 

BHDH 

BHHB 

CBNP 

CBMP 

DBBD 

I-IHKL 

LICR 

LISI 

LIHH 

LIHU 

LIMR 

MBGP 

MBTH 

NBDl 

NUMH 

NBCI 

PVW 

PBSI 


Anaheim Bay, California 
Boaton Harbor, Massachusetts 
Buzzaxds Bay, Massachusetts 
Chesapeake b y ,  Maryland 
Choctawatchee Bay, Florida 
HudsonIRaritan Estuary, New Jeraey 
Long Idand Sound, Connecticut 
LongIdml Sound, Conrrecticut 
Long Island Sound, New York 
Long Island Sound, New York 
Moriches Bay, New York 
Narragansett Bay, Rhode Island 
Nama ansett Bay, Rhode Island 
Palos 'Eerdes, California 
Saint Andrew Bay, Florida 
San Francim Bay, California 
San handsco Bay, California 
%n h d s c o  Bay, California 
San Pedro Harbor, California 
Sinclair Inlet. Washinvtnn - ---".-.. 
South Puget kund, Washington 
Tampa Bay, Florida 
Great Bav. New IPT-- .. ,----
Narregaiiett Bay, ~h'dte Island 
Oakland Estuaw, California -.--.-..-
Pensacola Bay, fiorida 
Sari Diego Bay, Caltfomia 
San Pedro Bay, California 
U per Chesapeake Bay, Maryland 
d s t  Long Island Sound,New YO& 

Bellingham Bay, Washington 
Boston Harbor, Massachusetts 
Boston Harbor, Massachusetts 
Boston Harbor, Massachusetb 
Chesapeake Bay, Maryland 
Che.%peake Bay, Maryland 
Delaware Bay, Delaware 
Honolulu Harbor, Hawaii 
Long Island Sound, Connecticut 
Long Island Sound, Connecticut 
Long Island Sound, New York 
Long Island Sound, New York 
Long Island Sound, New York 
Matagorda Bay, Texas 
Moriches Bay, New York 
Narragansett Bay, Kl~ode Island 
Narragansett Bay, Rhode Island 
Narragansett Bay, Rhode Island 
Palos Verdes, California 
Penobscot Bay, Maine 



aam m ieantln~ed) 

Site Demlptlon 

Mcrour~r(continued) 

SAWB 

SDHI 

SFDB 

SPBM 

SFSM 

SPSP 

SPFP 

SIWP 

SSBI 

TBSR 

DAN 

NIS 
OAK 
OLI 
PAB 

BHDH 
CH?J 
DB AP 
DBBD 

LITN 

PRl'R 

SIWP 

SSBI 

TBHP 

50s 

ELL 

FRN 

LNB 

MOB 

NIS 

OLI 

PNB 

RAR 

SPB 

WLI 


LDcation Concentration 

h i n t  Andrew Ba Florida 
San Mego Bay, &lifornia 
San Frendsco Bay, California 
San Francisco Bay, Califomla 
San Frandsco Ba Califomla 
San Pablo Bay, glifornia 
San Pedro Harbor, California 
Sinclair Inlet, Washington 
South Puget Sound, Washington 
Tomales Bay, California 
Dana Point, Callforia 
Elliott Bay, Washington 
Great Bay, New Jerney 
San Francisco Bay, California 
Lutak Inlet, Alaska 
Nahku Bay, Alaska 

Oliktok Point, Alaska 
San Pablo Bay, California 

Boston Harbor, Massachusetts 30.8 
Charleston Harbor, South Carolina 33.0 
Delaware Bay, Delaware 30.3 
Delaware Bay, Delaware 32.0 
Hudson/Raritan Estuary, New Jersey 33.5 
Hudson/Rnritan Estuary, New Jersey 35.3 
Hudson/Raritan Estuary,New Jersey 40.3 
Long Island Sound, New York 41.2 
Long Island Sound, New York 38.7 
Long lsland Sound, New York 43.4 
Point Roberts, Washington 39.8 
Sinclair Inlet, Washington 47.0 
South Puget Sound, Washington 49.0 
Tillamook Bay, Oregon 42.7 
Boston Harbor, Massachusetts 33.4 
Elliott Bay, Washington 36.5 
Frenchman Ba Maine 31.9 
Long Beach, c?atifomia 41.7 
Mobile Bay, Alabama 35.3 
Pu t Sound, Washington 33.5 
0&ok Point, Alaska 36.5 
Penobocot Bay, Maine 32.6 
Rarltan Bay, New Jersey 39.3 
San Pedro Bay, California 39.0 
West Long Island Sound, New York 33.3 



Table 72 (continued) 

Site Deecrlptlon 

BHHB 

CBSP 

LIMR 

M B J  
SPW 

OEIH 

N AR 

S AL 

WLI 


Zinc (2120~ 2 6 0ppm) 

BBSM 

BHDI 

BHDH 

DBAP 

HRJB 

HRUB 

LICR 

LISI 

LIHU 

LIMR 

NBMH 

PVRP 

PVMC 

SDHI 

SFDB 

SFSM 

SPSP 

SIWP-. 
SSBl 

TBSR 

ELL 

GKB 

HUN 

LNB 

LUT 

MOB 

NAH 

NAR 

OAK 

PEN 

SEA 
SPB 

UCB 
WLI 

Location 

Boston Harbor, Massachusetts 
Choctawatchee Bay, Flortda 
Long Island Sound, New York 
Marina del Rey, California 
San Pedro Bay, California 
Oakland Estuary, California 
Narragansett Bay, Rhode Island 
Salem Harbor, Massachusetts 
West Long Island Sound, New York 

Bellingham Bay, Washington 
Boston Harbor, Massachusetts 
Boston Harbor, Massachusetts 
Delaware Bay, Delaware 
Hudwn/Raritan Estuary, New Jersey
Hudson/Raritm E s h q ,  New Jersey 
Long Island Sound, Connecticut 
Long Island Sound, Connecticut 
Long Island Sound, New York 
Long Island Sound, New York 
Narragansett Bay, Rhode Island 
Palos Verdeu, California 
Port Valdez, Alaska 
San Diego Bay, California 
San Francisco Bay, California 
San Francisco Ba ,California 
San Pablo Bay, &lifornia 
Sinclair Inlet, Washington 
South Pu et Sound, Washington 
Tomales %ay, California 
Elliott Bay, Washington 
Great Bay, New Jersey 
San Francisco Bay, California 
Long Beach, California 
Lutak Inlet, Alaska 
Mobile Bay, Alabama 
Nahku Bay, Alaska 
Narragansett Bay, Rhode Island 
Oakland Estuary, California 
Pensacola Bay, Florida 
Salem Harbor, Massachusetts 
Seal Beach, California 
San Pedro Bay, California 
Upper Chesapeake Bay, Maryland 

West Long Island Sound, New York 


Acenaphthene Ql50 ~ 6 5 0ppb) 

HRUB Hudson/Raritan Bay, New Jerscy 
BOS Baston Harbor, Massachusetts 



-. 'Fable 72 (continued) 

Site Description 

Anthracene (265 400ppb) 

BHDI 

BHDH 

CBHP 

CBMP 

HRJB 

HRLB 

LICR 

LIHR 

LISI 

LIHH 

LITN 

MSBB 

NBMH 

NYSH 

PBPl 

PBSI 

SXWP 
OBIH 

BOS 

BUZ 

CHS 

CSC 

DEL 

ELL 

GRB 

HUN 

NAR 

RAR 

SDA 

UCB 

WLl 


BHDI 

BHDH 

BBAR 

CBMP 

CBSP 

HRJB 

HRLB 

LICR 

LIHR 

LIMR 

LISI 

LIHH 

LITN 

NYSH 
PBPl 
PBSI 
SAWB 
SFSM 

Location 

Boston Harbor, Massachusetm 
Boeton Harbor, Massachusetts 
Chesapeake Bay, Maryland
Cheeepcake Bay, Maryland
Hudmn/Rarttan Estuary, New Jersey 
Hudmn/RarItan Estuary, New Jersey 
Long lsland Sound,Connecticut 
Long lsland Sound,Co~ecticut 
Long IslandSound,Connecticut 
Long lsland Sound,Connecticut 
Long Island Sound,Connecticut 
Mississippi Sound, Mississip i 
Narragansett Bay, Rhode Is and P 
New York Bight, New York 
P e ~ b s c o tBay, Maine 
Penobscot Bay, Maine 
Slnclair Inlet, Washington 
Oakland Estuary, California 
Boston Harbor, Massachuaelb, 
Buzzards Bay, Massachusetts 
Charleston Harbor, South Carolina 
Casco Bay, Maine 
Delaware Bay, Delaware 
Elliott Bay, Washington 
Great Bay, New Jersey 
San Francisco Bay, California 
Narragansett Bay, Rhode Island 
Karitan Bay, New Jersey
San Di 
Upper 7o Bay, California 

hesapcake Bay, Maryland
West Long Island Sound, New York 

Boston Harbor, Massachusetts 
Boston Harbor, Massachusetts 
Buzzards Bay, Massachusetts 
Chesapeake Bay, Maryland 
Choctawatchee Bay, Florida 
Hudson/Raritan, New Jersey 
Hudson/Raritan, New Jersey 
LongIslandSound,Connecticut 
Long Island Sound, Connectlcut 
Long lsland Sound, New York 
Long Island Sound, Connecticut 
h n g  lsland Sound,Co~ecticut 
Long Island Sound, Connecticut 
New York Bight, New Jersey
Penobscot Bay, Maine 
Penobscot Bay, Maine 
Saint Andrew Bay, Florida 
San Francisco Bay, California 
qinrl.,;- 1-1". ... . 



-- - 

Site De~escrlption 

OBIH 
BOS 
ELL 

HUN 
RAR 

SAL 
BDA 
WLI 

BBAR 

BHDH 

BHDI 

CBSP 

HHKL 

HRLB 

HRUB 

LICR 

LIHR 

LIHH 

LIMR 

LISI 

LITN 

NYSH 

SAWB 

OEIH 

BOS 

HUN 

R AR 

SAL 

SDA 

WLI 


Chrysene (2400~ 2 8 0 0ppb) 

BBAR 

BHDI 

BHDH 

CBMP 

HKLB 

HRUB 

LICR 

LIHR 

LIMR 

LISI 

LIHH 

LITN- . 


NYSH 

OEIH 

SAWB 

BOS 

ELL 


Location 

Oakland Estuary, California 
&ton Harbor, Massachusetts 
Elliott Bay, Washin on 
San Francisco Bay, g l h n i a  
Raritan Ba New Jersey 
Salem Har Y;br, Massachusetts 
San Diego Bay, California 
West Long Island Sound, New York 

Buzzards Bay Massachusetts 
Boston Haibor, Massechustts 
Boston Harbor, Massachusetts 
Choctawatchee Bay, Florida 
Honolulu Harbor, Hawaii 
Hudson/Raritan Estuary, New Jersey 
Hudson/Raritan Estuary, New Jersey 
Long Island Sound, Connecticut 
Long Island Sound, Connecticut 
Long Island Sound, New York 
Long Island Sound, New York 
Long Island Sound, Connecticut 
Long Island Sound, Connecticut 
New York Bight, New Jersey 
Saint Andrew Bay, Florida 
Oakland Es:uary, California 
Boston Harbor, Massachusetts 
San Francisco Bay, California 
Ratitan Bay, New jersey 
Salem Harbor, Massachusetts 
San Diego Bay, California 
West Long Island Sound, New York 

Buzzards Bay, Massachusetts 
Boston Harbor, Massachusettv 
Boston Harbr,  Massachusetts 
Chesapeake Bay, Maryland 
Hudson/Raritan Estuary, New Jersey 
Hudson/Raritan Estuary, Ncw Jersey 
Long Island Sound, Connwticut 
Long lsland Sound, Co~ecticut 
Long lsland Sound, New Y ork 
Long Island Sound, Connecticut 
Long Island Sound, Connecticut 
Long Island Sound, Connecticut 
'Long Island Sound, Connecticut 
Oakland Estuaiy, California 
Saint Andrews Bay, Florida 
Boston Harbor, Massachusetts 
Elliott Bay, Washington 

Conrtlratrarton 



Table 72 (contlnutd~ 
* 

Site Description 

Chryrcnc (continued)) 

RAR 
SAL 
SDA 


BHDI 

BHDN 

CBMk' 

CBSP 

HRLB 

LICR 

LIHR 

LISI 

L ~ H H  

LIMR 

LITN 

NYSH 

PBPI 
SAWB 

OEIH 

BOS 

ELL 

RAR 

SAL 


BHDI 

BHDH 

CBHP
-.- --

CBMP 

HRJB 

HRLB 

HRUB 

LISI 

LIHH 

LITN 

MSBB 

NYSH 

SAWB 

BOS 

ELL 

RAR 

SDA 

SIR 
UCB 

Location 

Raritan Ba New Jersey 
Salem HarCr, Massachusetts 
San Diego Bay, California 

Boston Harbor, Massachusetts 
Boston Harbor, Massachusetts 
Chesapeake Bay, Maryland 
Choctawatchee Bay, Florida 
Hudson/Wtan Estuary, New Jersey 
Long 1dand Sound, Connecticut 
Long Idand Sound, Connecticut 
Long Island Sound, Connetticut 
Long Island Sound, Connecticut 
Long Island hund, Connecticut 
b n g  Island Sou-!, Connecticut 
New York Bight, New Jersey 
Penobscot Bay, Maine 
Saint Andrew Bay, Ronda 
Oakland Estuary, California 
Boston Harbor, Massachusetts 
Elliott Bay, Washington 
Raritan Ba New Jersey 
Salem Har irkr, Massachusetts 

Boston Harbor,Massachusetts 
Boston Harbor, Massachusetts 
Chesapeake Bay, Maryland 
Chesapeake Bay, Maryland 
Hudson/Raritan Estuary, New Jersey 
Hudson/Raritan Estuary, New Jersey 
Hudson/Raritan Estuary, New Jersey 
Long Island Sound, Connecticut 
Long Island Sound, Connecticut 
Long Island Sound, Connecticut 
Mississip i Sound, Mississippi 
New Yor E .B~ght, New Jersey 
Saint Andrew Da , Florida 
Boston Harbor, Myassachusetts 
Elliott Bay, Washington 
Raritan Bay, New jersey 
San Die o Ba , CaliforniatSaint Jo ns fiver, Florida 
Upper Chesapeake Day, Maryland 

Naphthalene (2340<21W ppb) 
CBMP Chesapeake Bay, Maryland 
HRUB Hudson/b;itan Estuary, New Jersey 
SAWB Saint Andrew Bay, Florida 



Table 72 (continued) 

Site Deecrfptlon 

Naphthalene (continued) 

BOB 
UCB 

tocallon 	 Concentration 

Boaton Harbor, Massachuset@ 
Upper Chesapeake Bay, Maryland 

Phenmthrmc (22Z4 3 8 0  ppb) 

BBSM 
BHDI 
BHDH 
BBRH 
CBHP 
CBMP 
CBSP 
HRJB 
HRLB 
LICR 
LIHR 
LISI 
LIHH 
LIMR 
LITN 
MSBB 
NBDI 
NYSH 
PBPI 
PBSI 
SAWB 
OEIH 
BOS 
ELL 
I-IUN 
RAR 
SAL 
SDA 
UCB 

BBMB 
BPBP 
BIB1 
BHDl 
BHDH 
BBAR 
BBRH 
CBHP 
CBMP 
CBSP 
URIB 
HRLB 
LlCR 
LIHR 
LISl 
LIHH 

Bellingham Bay, Washington 
Boston Harbor, Massachusetts 
Boston Harbor, Massachusetts 
Buzzards Bay, Massachusetts 
Chesapeake Bay, Maryland 
Chesapeake Bay, Maryland 
Choctawatchee Bay, Florida 
Hudaon/Rarltan Estuary, New Jersey 
Hudson/Raritan Estuary, New Jersey 
Lon% Island Sound. Connecticut 
Long lsland sound, Connecticut 
Long lsland Sound, Connecticut 
Long lsland Sound. Connecticut 
Long lsland Sound; ~onnecticut 
Long lsland Sound, Connecticut 
Mississippi Sound, Mississippi 
Narragansett Bay, Rhode lsland 
New York Bight, New Jersey 
Penabscot Bay, Maine 
Penobscot Bay, Maine 
Saint Andrew Bay, Florida 
Oakland Estuary, California 
Boston Harbor, Massachusetts 
Elllott Bay, Washin ton 
San Francisco Bay, &liforrda 
Raritan Ba , New Jersey 
Salem War &3 r, Massachusetts 
San Di 
Upper 7 	o Bay, California 

hesapeakc Bay, Maryland 

Barataria Bay, Louisiana 
Barbers Point, Hawaii 
Block Island, New Jersey 
Boston Harbor, Massachusetts 
Boston Harbor, Massachusetts 
Buzzards Day, Massachusctts 
Buzzards Bay, Massachusctts 
Chesapeake Bay, Maryland 
Chesapeake Bay, Maryland 
Choctawatchce Bay, Florida 
Hudson/Raritan Estuary, New lcrvcy 
Hudson/Raritan Estuary, Ncw Jersey 
Long island Sound. Connecticut 
~ o n ilsland Sound, Conn~ticut 
Long Island Sound, Conncr~icut 
Long lsland Sound, Conn~~ticut 



Site heeartption Lacation 

LIMR 
LiTN 
NBDI 
NBMH 
NYSH 

PBPI 
PBSI 
SAWB 

SFDB 
SPSM 
SPPP 

SIWP 

WEKH 
BOS 
ELL 
HUN 
OAK 
RAR 
S AL 
SDA 

WLI 

BHDI 
BHDX 
BBAR 
CBHP 
CBMP 
CBBP 
HRlB 
HRLB 
LISI 
LlHH 
LITN 

NYSH 
PBSI 

SAWB 
SPFP 
CWM 
ELL 
OLI 
WAR 
UCR 

BAR 
ELL 
PEN 
RAR 
SAL 

Long Ishnd Sc: md,Connecticut 
Long Iatand Sound, Connectlcut 
Narra$d;ansett Eky, Rhode Island 
Narragansett Bay, Rhode Island 
New York Bight, New Jersey 
Penobscot Bay, Maine 
Penobscot Bay, Maine 
Saint Andrew Bay, Florida 
San Rancisco Bay, California 
San Francisco Bay, California 
San Pedro Harbor, Califoda 
Slnclair Inlet, Washin ton fOakland Estuary, Cal fomia 
Boston Harbor, Massachusetts 
Elliott Bay, Washin ton 
San Francisco Bay, 8alifornia 
Oakland Estuary, California 
Rarftan I(a New Jersey
Salem Her kr, Massachusetts 
San Diego Bay, California 
West Long Island Sound, New York 

Boston Harbor, Massachusetts 
bs ton  Harbor, Massachusetts 
Buzzards Bay, Massachuwtts 
Chesapeake Bay, Maryland 
Chesapeake Bay, Maryland 
Commencement Bay, Washington 
.Hudson/Raritan Estuary, New Jersey 
Hudson/Raritan Estuary, New Jersey 
Long Island Sound, Connecticut 
Long Island, Sound, Connecticut 
Long Island Sound, Connecticut 
New York Bight, New Jersey 
Penobscot Bay, Maine 
Saint Andrew Bay, Florida 
Son Pedro Harbor, California 
Commcrsement Bay, Washington 
Elliott E:ay, Washington 
Oliktok Point, Alaska 
Raritan Day, New jersey 
Upper Cfiesayeakc Bay, Maryland 

Barataria Bay,. Louisiana 

Elliott Bay, Washington 

Pensacole Bay, FLorida 

Raritan Bay, New Jcrscy 

Salem I-farbor, Massachusetts 




Table 72 icontinued) 

Site Dewription Location 	 Concentr~rtiun 

Dlbtn~(a~1~)mthrrcenc 	 P P ~(continued) 

SDA San Diego Bay, California 162.0 
WLI West Long Island Sound, New York 71.6 

Total PAH (;?.PUUO43J000 pgb) 	 P P ~  

BHDI Boston Harbor, Maasachurtts 

BHDH Boston Harbor, Massachusetts 

CBMP Chesapeake Bay, Maryland 

HRLB Hudeon/Rariten Estuary, New Jersey 

NRUB HudwnlRadtan estuary 

LICR Long Island Sound, Connecticut 

LIHR Long Island Sound, Connecticut 

LISI Long Island Sound, Connecticut 

LlHH Lang Island Sound, Connecticut 

LITN Long Island Sound, Connecticut 

NYSH New York Bight, New Jersey 

OEIH Oakland Estuary, California 

SAWB Saint Andrew Bay, Florida 

BOS Boston Harbor, Massachusetts 

ELL Elliott Bay, Washington 

RAR Rarltan Bay, New Jersey 

S AL Salem Harbor, Massachusettu 

SDA San Diego Bay, California 


Chlordane (20.5 <6 ppb) 

ABWJ Anaheim Bay, California 

BHDB Boston Harbor, Massachusetts 

BUD1 Boston Harbor, Massachusetts 

BHHD Boston Harbor, Masmchuuetts 

BBRH Buzzards Bay, Massachusetts 


Cnpe Ann, Massachusetts 

CHV Charleston Harbor, South Carolina 

CBHP Che.sapcake Bay, Maryland 

CBMP Chesapeake Bay, Maryland 

CBIB Chesapeake Bay, Karyland 

DBAP Delaware Bay, Delaware 

DBKI Delaware Bay, Delaware 

GBYC Galveston Bay, Texas 

HRRB Hudson/Raritan Estua~y, New Jerscy 

HRLB Hudson/Raritan estuary, New Jersey 

HRUD Hudsonfhritan Estuary, New Jersey 

LICR Long Island Sound, Connecticut 
~ ~~ 

LIHR 	 Long Island Sound, Comccticut 
LISI 	 Long Island Sound, Connecticut 


Long lsland Sound, Connrcticut 

Long Island Sound, Conn~rticut 


MDSJ Marina dcl Rey, California 

MSBB Mississippi Sound, Mississippi 

MSPB Mississippi Sound, Mississippi 

MBTH Morichcs Bay, New York 




L 

Site DeWptlon 

Cahlordrnt fcontlnued) 

NYSH 

NBNB 

NBCI 

NBDI 

NBMH 

OSBJ 

PVRP 
PBPI 

PBSI 

SBSB 

RBHC 

SPSM 

SPSP 

SPFP 

SAWB 

SJCB 
TBMK 
TBPB 

Location Concentrntion 

P P ~  

NEWYork Bi t New York 
Nap!e@Bay, gdrida 
Narragansett Bay, Rhode laland 
Narragansett Bay, Rhode Island 
Narragansett Ba Rhode Ielandl"Oceanaide, Cali omla 
Paloe Verdea, California 
renobecot Bay, Maine 
Penobmt Ba ,Maine 
Point Santa &rbara, California 

Ba Florida 
%%%lo &y, California 
San Pablo Bay, California 
San Pedro Harbor, California 
Saint Andrew Bay, Florida 
Saint Iohns River, Florida 
Tampa Bay, Florida 
Tsmpa Bay, Rarida 

DDT (p,p' + o,pl-DDDT (21 :1?ypb) 

BHDB Boston Harbor,Massachusetts 
BHDI Boston Harbor, Massachusettn 
CBHP Chesapeake Bay, Maryland 
CBMP Chesapeake Bay, Maryland 
CBSR Choctawatchee Bay, Florida 
CRYB Glunbia River, Oregon 
DBAP Delaware Bay, Delaware 
DBPE Delaware Bay, Delaware 
HRRB Hudscn/Wtan Estuary, New Iemy
HRJB Hudeon/Raritan Estuary, New Jereey 
MRUB Hudson/Rarltan Estuary, New Jersey 
LICR LongIsland Sound, Conn&icut 
LIHR Long Island Sound, Connecticut 
LIHH Long Island Sound, Connecticut 
LIHU Long Island %und, Connecucut 
LlMR tang Island E~und, Connecticut 
L I T '  Long Island k'ound, Connecticut 
MDsJ Marlna del $Ley, California 
MBSC Monte- Bay, California 

NYSH New York Bight, New York 

NBMH Narragansett Bay, Rhodc Island 
PBSI Penobscot Bay, Maine 
PLLH Polrit Lorna, California 
SBSB Point Santa Barbara, California 
SFDB San Francisco Bay, California 
SFEM San Francisco Bay, California 
SPSM San Pablo Bay, California 
SPSP San Pablo Bay, California 
SIWP Sinclair Inlet, Washington 
SSBI South Puget Sound, Washington 
TBHB Tampa Bay, Florida 
TBPB Tampa Bay, Florida 
WIPP Whidbey sland, Washington 

.." 



-

Site Deaafptlon Location 

DDT (PIP' + o#p'-DDT) (continued) 

BOS 

GRB 

LNB 

SAL 

SMB 


DDD (P~P'+ o,p'-DDD) 

ABWJ 

BBAR 

BBSM 

BHDI 

BHHB 

CBHP 

CBMP 

CBSR 

CRY B 

DBAP 

DBPE 

DBKI 

ECSP 

HRJB 

HRUB 

LIHR 

LISI 

LIHU 

LIMR 

MDSl 

MBLR 

MBTD 

MSBB 

MBCP 

BMTH 

NBCI 

NBMH 

NBBC 

OSBJ 

PBSI 

SBSB 

SDHI 

SFDB 

SPEM 

SFSM 

SPSM 

SPSP 

SIWP 

SSBI 

SAWB 

SJCB 

TBHB 

TBPB 

WIPP 

COM 

CSC 

Boston Harbor, Massachuset$ 
Great Bay, New Jerse brig Beach Harbor, %Iifomie 
Salem Harbor, Massachusetts 
Sanh Monica Bay, Califomla 

(a<20 pgb) 

h a h e i m  Bay, California 
Buzzards Ba Massachusetts. 
mlingham kay, Washington 
Boston Harbor, Massachusetts 
Boston Harbor, Massachusetts 
Chesapeake Bay, Maryland 
Chesapeake Bay, Maryland 
Choctawatchee Bay, Florida 
Columbia River, Oregon 
Delaware Bay, Delaware 
Delaware Bay, Dclawere 
Delaware Bay, Delaware 
East Cote Blanche, Louisiana 
Hudson/Raritan Estuary,New Jersey 
nud~n/Rarl tan Eatuary, New Jersey Long Island Sound, Connectimt 
h g l s l a n d  Sound, Connecticut 
Long Islarrd Sound, Connecticut
Long Island Sound, Connecblcut 
Marina del Rey, California 
Metagorda Bay, Texas 
Matagord~ Bay, Texas 
Mississippi Sund ,  Mlsslssippi 
Mobile Bay, Alabama 
Modches Bay, New York 
Narragansett Bay, Rhode Island 
Namgansett Bay, Rhode Island 
Narragansett Ba Rhode Island Oceanside, Caligrnia 
J'enobscot Bay, Maine 
Point Santa Barbara, California 
Sari Diego Bay, California 
Sari Francisco Bay, California 
Sari Francisco Bay, California 
Sari Francisco Ba California
San Pablo Bay, kiifornia 
Sari J'ablo Bay, California 
Sinclair Inlet, Washington 
South Puget Sound, Washington 
Saint Andrew Bay, Florida 
Saint Johns River, Florida 
Tampa Bay, Florida 
Tampa Bay, Florida 
WMdbe~  Island, Washin tonCommencement Bay, ~ a s t i n ~ t o n  
Casco Bay, Maine 

concentration 

P P ~  

2.1 
1.3 

2.7 
2.6 
1.o 

P P ~  

4.6 
2.1 
2.412.6 

3.3 
8.5 
8.02.6 

2.3 
7.5 


36.39 

2.019.0 
13.2 
19.7 
4.77.7 

13.7 
13.2 

5.5 
2.8 
2.5 
3.5 
9.2 
3.5 
5.13.7 


14.8 
2.6 

10.1 

4.7 
8.418.0 
3.4 

14.7 
6.9 
2.8 
2.0 

16.2
5.8 

5.0 
3.13.4 
2.7 
2.0 



Table 7& ~(cantfnued) 

Site Description Locetion 

DDD (p,p' + o,pl-DDD) (continued) 

ELL 
GRB 

HUN 

MRD 

NAR 

OAK 

RAR 

SDA 

SEA 

SJR 

SMB 
UCB 
W LI 


DDE (pep'+ 
APDB 
BBAR 
BBRH 
BI-IDI 
BFlHB 
CBHP 
CBMP 
CBSR 
DBAP 
DBBD 
DBFE 
DBKI 
I-IRJB 
HRUB 
LJLJ 
LICR 
LIHR 
LISI 
LIHH 
LlHU 
LIMR 
MBTP 
MBVB 
MBCP 
MBTH 
MBSC 

NBMH 
PLLH 

SFDB 
SFEM 
SFSM 
SPSM 
SPSP 
SAWB 
TBPB 
WIPP 
APA 

Elliott Bay, Washington 
Great Bay, New Jersey 
San Prandsco Bay, Califomla 
Missbippi Delta, Miaslssi 
Narragansett Bay, Rhode Is'tnd 
Oakland Estuary, California 
Rarlkan Bay, New Jersey 
San Diego Ba Califomla 
Seal Beach, Zilifornia 
Salnt Johns River, Florida 
Santa Monica Bay, Califonlla 
U per Chesapeake Bay, Maryland 

tong island Sound, New Yok 

Apalachicola Ba , Florida 
Buzzards Bay, dssachusetta 
Buyvards Bay, Massachusetts 
Boston Harbor, Massachusetts 
Boston Harbor, Massachusem 
Chesapeake Bay, Maryland 
Chesapeake Bay, Ma land 
Choctawatchee Bay, xodda 
Delaware Bay, Delaware 
Delaware Bay, Delaware 
Delaware Bay, Delaware 
Delaware Bay, Delaware 
Hudson/Raritan Eshmy, New Jersey 
Hudson/RarItan Estuary, New Jersey 
La Jolla, California 
Long IslandSound, Connecticut 
Long Island Sound, Connecticut 
Long Island Sound,Connecticut 
Ling Island Sound, Connecticut 
LongIsland Sound, Connecticut 
Long Island Sound, Connecticut 
Matagordo Bay, Tcras 
Mission Bay, Callifornia 
Mobile Bay, Alabama 
Moriches Bay, New York 
Monterey Bay, California 
Narra ansett Bay, Rhode Island 
Point 7,o m ,  California 
San Francisco Bay, California 
San Francisco Bay, California 
San Francisco Ba California 
San Pablo Bay, alifornia 
San Pablo Bay, California 
Saint Andrew Bay, Florida 
Tampa Bay, Florida 
Whidbey Island, Washington 
Apalact~icola Bay, Florida 



__ 

2 

*: 
i.*, Table 7 2  (contlnud) 
;'0; 
,: 

site Demiplion Location 

DDB (p,pt + o,pS-WDB) (continued) 

SDHI Sen Dlego Bay, California 
GRB Great Ba New Jersey
MOB Mobile Ay,Alabama 
NAR Namaganeett Bay. Rhode Island 
RAR Raritan Ba ,New Jersey 
SAL Salem Ha Ar, Massachusetts 
SDA San Dlcgo Ray, California 
SDP San Dlego Bay, California .-- WLI West Long Island Sound, New York 

Conantration 

P P ~  

3.7 
2.3 
3.0 

2.6 
8.6 
7.3 

3.5 

13.6 
2.4 

-.. 

Tom DDT (23Q50 ppbl 

ABWJ 
APDB 

Anaheim Bay, California 
Apalachicola Bay, Florida 

ABOB 
BBAR 
BBSM 
BHHB 
BHDl 

Atchafalaya Bay, Louisiana 
Buzzards Bay, Massachusetts 
Bellingham Bay, Washington 
Boston Harbor, Massechusettz 
Boston Harbor, Massachusetts 

BHDB Bcston Harbor, Massachusetts 
CASI 
CBMP 

Cape Ann, Massachusetts 
Chesapeake Bay, Maryland 

i 
CBHP 
CBSR 

Chesapeake Bay, Maryland 
Choctawhatchee Day, Florida 

CRYB 
DBBD 

Columbia River, Oregon 
Delaware Bay, Delaware 

DBKI 
DBAP 
DBFE 
ECSP 

Delaware Bay, Delaware 
Delaware Bay, Delaware 
Delaware Day, Delaware 
East Cote Blanche, Louisiana 

HRRB 
HRUB 
HRJB 
HRLB 

Hudmn/Raiitan Estuary, New Jersey
Hudmn/Raritan Estuary, New York 
Hudson/Raritan Estuary, New York 
Hudson/Raritan Estuary, New Jork 

LkJ 
LlSI 

La Jolla, California 
Long Island Sound, Connecticut 

LlCR 
LlHR 
LIHU 
LlMR 

Long Island Sound, Connecticut 
Long Island Sound, Connecticut 
Long Island Sound, New York 
Long Island Sound, New York 

LIHH 
LITN 
U s 1  
MBLR 

Long Island Sound, New York 
Long Island Sound, New York 
Marina del Rey, California 
Matagorda Bay, Texas 

MSTP 
MBVB 
MBCP 
MBSC 
MBTH 
NYSK 
NBDI 
NBCI 
NEMH 
NRBC 

Matagorda Bay, Texas 
Mission Bay, California 
Mobile Ba Alabamt;.Monterey ay, California 
Moriches Bay, Ncw York 
New York Bight, New Jersey 
Narragansett Boy, Rhodc Island 
Narragansett Bay, Rhode Island 
Narragansett Bay, Rhcdc Island 
Newport Beach, California 

P P ~  


25.8 
5.2 
4.1 
8.2 
4 5  
5.9 

24.1 
44.4 
3.3 
13.5 

13.9 
12.5 
4.9 
5.9 
7.8 

15.2 
17.2 
32 

45.6 
25.4 
38.3 

45.6 
8.6 
7.0 


120.0 
290.4 

13.2 
21.2 
41.3 
756 
72.6 
7.9 

14.5 
5.1 
9.4 
7.4 
26.5 

45.5 
4.0 
5.1 

10.2 
24.9 

I m 



Table 72 (conWnud) 

dte Deecrfptlon 

Tot.1 DDT tconlnraed) 

OEIH 
B B J  
PBPI 
PBSI 
PLLH 
SBSB 

SDHI 

SFSM 

SPDB 

SFEM 

SPSP 

SPSM 

SlWP 

SSBI 

SAWB 

5JC6 

TBHB 

TBPB 

WIPP. 

BOS 

CHS 

COM 
ELL 

GRB 

HUN 

LNB 

MOB 

MRD 

NAR 
OAK 

RAR 

SAL 

SAP 
SDA 

SDP 

SEA 

SMB 

UCB 

WLI 

BBCH 
BBRH 
BHDI 

CBHP 

CEMP 

CBSP 

HRJE 

HRLB 

HRUB 

LICR 

LIHH 

LIHR 


Location 

Oakland Estuary, Callfomla 
Oceanside, California 
PenobscotBay, Maine 
Penobscot Bay, Maine 
Point Loma, California 
Point Santa Barbara, California 
San Diego Bay, California 
San Francisco Bay, Callfornta 
San Francisco Bay, California 
San Franciwo Bay, California 
San Pablo Bay, Califonria 
San Pablo Bay, California 
Sinclalr Inlet, Washington 
South Puget Sound, Washington 
Saint Andrt.7 Bay, Florida 
Saint Johns River, Florida 
Tampa Bay, Florida 
Tampa Bay, Florida 
Whidbey island, Washington 
Boston Harbor, Massachusetts 
Charleston Harbor, South Carolina 
Commencement Bay, Washington 
Elliott Bay, Washington 
Great Bay, N w  Jersey
San Francisco Bay, California 
Long Beach Harbor, California 
Mobile Bay, Alabama 
Mississippi Delta, Misslss~ppl 
Narragansett Bay, Rhode lsland 
Oakland Estuary, California 
Raritan Bay, New Jersey 
Salem I-Iarbor, Massachusetts 
Sapclo Sound, Geurgia
San Diego Harbor, Califonda 
San Diego Bap California 
Seal Beach, alrfornla 
Santa Monica Bay, California 
Upper Chesapeake Bay, Maryland 
West Long Island Sound, New York 

Buzzards Bay, Massachusetts 
13uzzards Bay, Massachusetts 
Boston Harbor, Ma~sachusetts 
Chesapeake Bay, Maryland 
Chesapeake Bay, Maryland 
Chesapeake Bay, Marylnnd 
Hudson/Ratitan Estuary, New Jersey 
Hudson/Karitan Estuary, New Jersey 
Hudson/Raritan Estuary, New Jeney 
Long Island Sound, Connecticut 
Long Island Sound, Connecticut 
Long Island Sound,Connecticut 

Cancentration 

P P ~  




Sable %2. (continued) 

Site Descrlptlon 

PCBs (contlnucd) 

LIMa 
LISl 

MBTH 

OBIH 

SDHI 

SFDB 

SPHM 

BFSM 

BUZ 

CSC 
DBL 

GRB 

LNB 

NAR 

OAK 

SJR 

SPB 

SPC 

UCB 

WLI 


Dieldrin (20.02 <B ppb) 

ABWJ 
APCP 

APDB 

ABOB 

BBMB 

BBSD 

BIB1 

BBBB 
WBDI 

BHHB 

RSBG 

BSSI 

BBAR 
BBGN 

BBRH 
CLCL 

CLSJ 

CKBP 

CBBl 

CBHP 

CBMP 

CBDP 

CBIB 

CBCI 

CBSP 

CBSR 

CRYB 

CBRP 

DBAP 


Location 

Long Mand Sound, Cornticut 
Lon IsladSound,Cormaticut 
~ o j c h e sBay, New York 
Oakland Estuary, Caltfomie 
San Mego Bay, California 
San Prancieco Bay, California 
San Francisco Bay, California 
San Francloco Bay, California 
Buuards Bay, Massachusetts 
Casco Bay, Maine 
Delaware Bay. Delaware 
Great Bay, New Jersey 
Long Beach, California 
Narragansett Bay, Rhode Island 
Oakland Estuary, California 
Saint Johns Rlver, Florida 
San Pedro Bay, Callfomia 
Sen Pedro Canyon, California 
U per Chesapeake Bay, Maryland 
&st Long Island Sound,New York 

Anaheim Bay, California 
Apalachicola Bay, Florida 
Apalachicola Bay, Florida 
Atchafalaya Bay, Louisiana 
Barataria Bay, Louisiana 
Barataria Bay, Louisiana 
Block Island, Rhode Island 
Bodega Ba kCalifornia 
Boston War r, Massachusetts 
Bostan Harbor, Massachusetts 
Breton Sound, Louhlana 
Breton Sound,Louisiana 
Buzzards Bey, Massachusetts 
Buzzards Bay, Massachusetts 
Buzzards Bay, Massachusetts 
Caillou Lake, Louisiana 
Calcasieu Lake, Louisiana 
Cedar Key, Florida 
Charlotte Horbor, molida 
Chesapeake Bay, Maryland 
Chesapeake Bay, Maryland 
Chesapeake Bay, Maryland 
Chesapeake Bay, Maryland 
Chincoteague Bay, Vir 'rda 
Choctawatchee Bay, &rida 
Choctawatchee aay, Florida 
Columbia River, Oregon
Coos Bay, Owgon
Delaware Bay, Delaware 

Comlradon 

PPb 


119.9 
63.6 

81.7 

3615 

998

71.9 
74.9 
70.7 

192 
58 


131 
79 


205 

221 

61 

98 

194 
159 

90 


174 


P P ~  


0.3 

0.2 
0.3 
0.7 
0.2 
0.3 
0.6 
0.05 
4.O 
12 
0.1 
0.1 
5.O 
0.9 
2.7 
0.1 
0.4 
0.1 
0.2 
3.0 
1.1 
0.1 
0.1 
0.1 
4.4 
0.4 
0.5
0.1 
1.3 



-
'MJle72. (continuca) 

site Descrlptlon 

DlelMn (continued) 

DBBI? 
DBPE 
DBKI 
ECSP 
ESBD 
ESSP 
GBCR 
GBTD 
GBYC 
BHWJ 
HHKL 
HRRB 
HRJB 
HRLB 
HRUB 
HMBJ 
JHW 
LKJ 
LBMP 
LICR 
LIHR 
LISI 

LIHH 
LIWU 
LIMR 
MDSJ 
MBEM 
MBCP 
MBLR 
MBTP 
MBAR 
MBYB 
MSBB 
MSPC 
MBCP 
MBSC 
MDTH 
NYSH 
NBNB 
NBCl 
NBDI 
NBMH 
NBBC 
OSBJ 
I'GW 
PVRP 
PBPI 
PBSI 
PLLM 
PRPR 
SBSB 
QIUB 
RBHC 
SLBB 

Location 

Delaware Bay, Delaware 
Delaware Bay, Delaware 
Delaware Bay, Delaware 
East Cote Dlanche, Louisiana 
Espiritu Santo, Texas 
Espirltu Spnto, Texas 
Galveston Bay, Texas 
Galveaton Bay, Texas 
Galveston Bay, Texas 
Gray'a Ym!wr, Washington 
Honolulu Harbor, Hawaii 
I-Iudson/Raritan Estuary, New Jersey 
Hudson/Rdtan Estuary, New J e r q  
Hudson/Raritan Estuary, New Jersey 
Hudson/Raritan Estuary, New Jersey 
Hudson/Raritm Estuary, New Jemy 
Joseph Harbor Bayou, Louisiana 
Point La Jolla, California 
Lake Borpe, Louisiam 
Long Island Sound, Connecticut 
Iang Island Sound, Connecticut 
Long IsIand Sound,Connecticut 
Long Island Sound, Connecticut 
LongIsland Sound,Connecticut 
Long Island Sound, New York 
Marina d d  Rey, California 
Matagorda Boy, Texas 
Matagorda Bay, Texas 
Matagorda Bay, Texas 
Matagorda Day, Texas 
Mesquite Bay, Texas 
Mission b y ,  Texas 
Miss~ssippi Sound. Mississippi 
Mississippi Sound, Missiusippl 
Mobile Ba Alabama 
Manterey ky, California 
Morichm Bay, New York 
New York Bight, New Jersey 
Naples Bay, Florida 
Narragansett Bay, Rhode Island 
Narragansett Bay, Rhode Island 
Narragansett Bay, Rhode island 
Newport Beach, Califomia 
Oceanside, California 
Pacific Grove. California 
Paloe Verdes, California 
Fenobscot Bay, Maine 
Penobscot Ray, Maine 
Point Lorna, California 
Point Roberts, Waslungton 
Point Santa Barbara, California 
Quinby Inlet, Virginia 
Rookery Bey, Florida 
Sabinc Lake. T P ~ Q  

~nct?nbation 

PPb 

0.6 

2.2 

0.7 
0.3 
0.03 
0.1 

0.2 
0.3 
OA 

0.E 

0.1 

7.9 
5.6 
5A 
3.3 
03 

0.3 

0.2 
0.1 

3.5 

3.0 
1.1 
7.1 
1.5 

3.0 
0.5 

0.03 

0.1 
0.3 
0.03 

0.i 

0.1 
0.2 

0.2 
0.4 
0.3 
0.5 
6.8 
0.6 
0.7 
0.9 
2.8 
0.2 
0.5 
0.2 
6.2 
0.2 
05 

0.5 

0.3 

0 5  
0.5 
0 1 

8510 




-

Site D&icription Location 	 Concentration 
7 


E3irldrln irontlaueb) 	 P P ~  

SAMP San Antonio Bay, Texas 	 0.03 
SDHI San Mego Bay, California 	 1.5-	 SFDB San Francisco Bay, California 2 8  
SFEM San Francisco Bay, California 1.5 
SFSM San Franciefo Bay, Catifornia OA 
SLSL Sen Luie Obfapo, California 0.1 
SPSP San Pablo Bay, Califomla 0.8 
SPPP 5sn Pedro Harbor, California 2.4 
SRTI Sevsnnah River, Georgia 0.2 
SSBI South Puget Sound, Washington 02 
SAWB Saint Andrew Bay, Florida 0.6 
SJCB Saint Johns River, Florida 1-5 
TBCB Tampa Bay, Florida 0.1 
TBHB Tampa Bay, Florida 0.1 
TBMK Tampa Bay, Rorida 0.2 
TBPB Tampa Rey, Rorlda 0.3 
THLP Ttlrebonne Ray,Loulshna 0.1 
TBSR Tomales Bai,Cellfornia 0.2 
VBGP Vemllllon ay, Louisiana 0.3 
BOS Boston Harbor, Massachusetts 3.2 
BUZ Buzzards Bey, Massachusetts 0.07 
COM Commencement Bay, Washington 0.33 
DEL Delaware Bay, Delaware 0.71 
HUN San Francisco Do l, California 0.27 
LCB Lower Cheeapca e Bay, Virginia 0.12 
LNB Long Beach Harbor. California 130 
MOB MobIle Bay, Alabam 0.22 
MRD Mboissippi Delta, Mississipp~ 1.16 
NAR Narragansett Bay, Rhode Island 1.& 
PAB Sen Pablo Bafi California 0.13 
RAR Radtan Bay, ew Jersey 1.72 
W LI West Long lsland Sound,New Yolk 0.15 

* Ambient concentrsltlons at none of the sitcw exceeded or cqualed theXR-L far these chemical 
analytes. 



----- - 

I 

Table 75. The NS&T P ~ J ~ Maedimcnt sampling s l b  in which the average chemical 
concentrrtio~ exceeded Me respective HR-M values, ranked Indeecending ordu of the 
numbct of tlmer exceeded. 

f 
Numbu of tlmes exceeded 	 Site Codes* 

10 	 OEIH 

HRRB, LITN, NYSH, BOS 
BHDB. HRLB. PVRP.RAR 

5 CBSP,.LIIM, 'SPFP, SAL 
4 SPB, SPC 
3 BHDI. SAWB. LNB 
2 	 BBSM; CBHP,'CBMP, HRJB, OSBJ, PWC, SFBM SPSM, SPSP, TBSR, 

BOD, EMB, HUN, OAK,PAB, SDA, SHS, UCB 
1 ABWJ, BBAR, BPBP, MBTH, MBTP, MDSJ, NBBC, NBMH, SFDB, 

WIPP, YHSS, ELL, SEA, SMB 

'Specific locations are listed in the glossary. 

Table 74. The NS&T Program aediment aamplfng aites in which the average chemical 
concentrations exceeded the respective ER-Lvalues, ranked in descending order of the 
number of timea exceeded. 

Number of times exceeded 	 Site Codea* 

21 BHDI 

20 LIHH, LIMR, LlSl 

18 CBMP 


16 HRJB, LIHR,' NYSH; BOS, SAL . 
15 CBHP, BHDB, LITN, WLI 
14 NBMH, SDA 
--	 --. . -
12 OEIFI, PBSI, UCB 
11 LIHU, SFSM 
10 BBAR, SPDB, SPFP, GRB, NAR 
'9 	 CBSP. BHHB. SPSP. SSBI. HUN 

DBAP, M ~ n i ,  PBPI S F E ~ ~ ,OAK 
HRRB. MSBB. SDHI. TBPB. WlPP ~~,---, ----,- ~ 

6 	 GBD;MWJ, NBCI, NBDI, PVRP, SSBI, SPB 
5 	 ABWJ, BBSM, BBRIq, CBSR, DBFE, DBKI, SBSB, SJCB, TBHB, LNB, 

MOR-
4 CRYB, MBCP, MBTP, MBSC, OSBJ, PLLH, PRPR, SI'SM, BUZ, CSC, 

PEN. SEA 
APDB, ECSP, HHKL, LJLJ, MBLR, MBYB, NBBC, TBSR, CHS, COM, 

NAH, NIS, OLI, SJR, SMB 
ABOB, BBGN, CASI, CBIB, CHFJ, EBFR, HMBJ, MBGP, NDNB, PVMC, 

RBHCt mHP, mMK, UISB, DEL, PKN. LUT, MRD, PNB, SAP, SDF 
APCP, BBBE, RBSD, BIBS, BBMR, BBNR, BPBP, BSBG, BSSI, CBBI, 

CBBP, CBDP, CBCI, CBMP, CBRP, CBTP, CBRP, CLCL, CLSJ, CKBP, 
ESSP, ESBD, GKR,GBTD, GBYC, GHWJ, MBAK, MSPc, MSPB,
PGLP, QIUB, SAMP, SLBB, SLSL, SRTI, TBCB, TBLF, VBSP, YBOP, 
APA, BAR, COO, DBA, DAN, PAB, SPC 

* Specific locations are listed in the glossary. 
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The acuracy of the idelines for metals often exceeded that for organic compounds. 
ManX af the metals are f"ikely more water soluble than the organics, possibly resulting in 
rela vely higher and more consistent bioavailability, and, therefore, less variability in the 
data. 

The ER.L and ER-M guidelines were used to evaluate and rank the reletive potential for 
biolo cal effects at the NS&T Pro am Sam ling sites. Those sites in which the ambient 
chemfcal concentrations exceeded tacf most EELand ER-M values were identified as having 
the highest tential for adverse effects. The sites with the hi hest potential for effects 
were sites $UB, located in the Hudson-Raritan Estuary; site L I ~ ,located in western tong 
Island Sound; site BOS, in Boston Harbor; and site OEIH, in the Oakland Estuary of San 
Francisco Bay. Sites with the highest potential for effects were generally located within 
the Hudson-Rarltan Estuary, Long Island Sound, Boston Harbor, Chesapeake Bay, New York 
Blght, Salem Harbor, Saint Andrew Bay, and parts of southern California near Lou Angeles 
and San Pedro. 

The otenHal for contaminated sediments causing adverse biological effects should be 
verified gy either an examination of available data or implementation of a survey at the 
hi h otential 8ites. Biological effects data are available for one of the highly ranked 
N8&;BProgram sites: site OEM in Oakland Harbor, California. Site OEM was tested with 
five sediment bioassay8 (Long and Buchman, 1989) and the benthic conununity was examined 
at that site (unpublished data). Most of the bioassay end-points indicated relatively high 
toxicity in the site OEM sediments and the benthic community had lower total abundance 
and crustacean abundance than at many other nearby sites in San Francisco Bay. 

The data examined in the present document were the results of the use of widely varying 
methods. Subsequent evaluaHons of data such as these would be facilitated if the data were 
from the use of similar methods. That is, spiked-sediment bioasvays should be performed 
with one spedes or, at least, with species from the same taxonomic groups (such as 
amphipods). Bioassays of field(-collected sediments should be performed with multiple 
species, but at least one of the species should be used universally. The use of standardized 
methods is recommended. 

Sediment quality values from EP, AET, and SLC methods usually are presented as 
absolutes, i.e., a chemical concentration not accompanied by any measure oi uncertainty or 
variability. Values generated in spiked-sediment bioassays often are accompanied by the 95 
percent confidence interval. The data reviewed in this document and with which the co- 
occurrence analyses were performed often indicated relatively high variability in analyses of 
field-collected samples (i.e., the standard deviations frequently equal!ed or exceeded the 
means). While these indications of variability may be diucouraging, they do provide a 
suggestion as to the degree of confidence currently available for attributing biological effcvts 
to sediment-sorbed contaminants without using a preponderance of cvidcnce from multiple 
approaches. 

The data assembled and reported herein were evaluated by objectively detenninlng the 
lower 10 percentiles and the medians in the dafa and by sub'~tivcly determining the overall 
apparent effects thresholds in the data. The same data coul d‘ be evaluated using many other 
approaches, de nding upon study objectives. For cxamplc, the screened sorted data could beP"
used to ident fy the contaminant concentrations bclow which effects have rlever been 
obscnted. Also, percentiles in the data other than the lowcr 10 and 50 percentiles could ix 
dctcrmined. For example, the lower 5 percentile value of the data could bc examined and 
assumed to be analogous to a level that may rotect 95 percent of the species. The ER-L, 
ER-M,and overall apparent effects thresholdv 1erived from the available data could be uscd 
as hypotheses to be tested in empirical toxicity cxperirnents. The present evaluation ~hould 
be updated with additional data as they becomc available and should be ~upplcmcnted with 
an evaluatiun of the chc~~~ica l  to TOC, AVS, and any other appropriatedata normalized 

parameters in addition to dry weight. 




Table 75, Ovmll ctunulatlve rash  of NS&T Program eltes, baed upon exceedancea of 
BR-t and valuer. One polnt wrs rssigned for each ER-L exceeded, 4 2  pointa for 
each metal ER+M exceeded, and 8.1 points for eerh organic ER-M exceeded. 

No.of ER.L ER-M values ER-M values 

Site 
values 

exceeded 
exceeded for metals 
No. x 4.2 = mint@ 

W e d  for organici
No. x 8.1 = mine 

Total 
points 

Overall 
rank 

HRUB 
BOS
LITN 
OEIH 
NYSH 

HRLB 
PVRP 
RAR 
HRRB 
CBSP 
LIHH 
SAL 
SPPP 
SAWB 
SPB 
BHDI 
SPC 
HRlB 

ELL 
LNB 
CBHP 
LlSI 
OSBJ 
LIMR 
SFSM 
SPSP 
OAK 
SFEM 



This repont was edited and typed by Charlene Swartzell. Andrew Robertson 
(NOAAI'OAU), Catherine Krueger (U.S. EPA, Region 10). Keith Phil11 a (Washington 
De artment of Ecology), Robert Dexter (E. V. S. Consultants), and !eter Landrum 
(N~AA/oL&RL)reviewed the document and provided helpful comments. Atan Mearns 
(NOAA/OAD) provided ideas regarding the overall approach. Jay Fields (NOAA/OAD) 
provided aseistance during the data evaluation. 
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Appendix A 

Deecription of Data Set8 Used In Co-occurrence Analyses 

The data sets in which blologlcal measures of effects and concentrations of chemicals in 
sedimentj were made with the same samples are described in this appendix, along with the 
description of how the data were manipulated and analyzed for use in thls document. 

Gilbert et af. (1976) sampled sediments at 37 stations in Massachusetts Bay and performed 
chemical analysw of portions of the samples that were also examined for benthic commu~lty 
composition. The tam les were collected with a 0.1 m2 Smith-Mclntp grab sampler and 
sieved with 2.0 and 0.f mm screens. Data from quantification of trace metals an3 selected 
or anlc groups were reported. Thelr data suggested the occurrence of th~wmodes in s cies 
rlc8,esa m n g  the stations: High (mean 93.6 f 9.4 SD, range 81-lob), intermediate P"mean 
58.1 f 10.4 SD, rnnge 40-78), and low (mean 31 * 6.5 SD, range 22-37). The means and 
standard deviations in chemical concentrations that cooccurred with these modes were 
calculated. 

McGreer (1979) observed burrowing time in the bivalve Macomn balthicn exposed to five 
samples (one of which was used as a control) collected in the Fraser River estuary, British 
Columbia. The sam les were also analyzed for the concentrations of various trace metals. 
The 95 percent confdence limits fob effective burrowing time (ET50) for Sample C were 
outside the 95 percent cn~rfide~~ce The chemical datz for limits of the ET50 for the control. 
Sample C were used in this document. McGreer (1979) also examined evoidance behavior of 
M. balthica exposed to these sediment samples. A statistically significant avoidance response 
was found for Sample A, therefore, the data for Sample A were used in this document. 

McCreer (1982) sampled 23 sltes along the Strait of Georgia, British Columbia and 
determined the presence and abundance of M. balthicn and the concentrations of various trace 
metals. The means and standard deviations of concentrations in samples devoid of M. Italthica 
m d  in samples with M, baffhiur present wen! compared. 

Yake, ef 01. (1986) sam Pled three sites in Lake Union, Washington and tested for toxiciy 
with the amphipod Hyale la azteca and determined the concentrations of many chemicals in 
an area known to have high PAH concentrations. Undiluted sediment from one of the sites 
(GWP) caused an average of 95 percent mortality; the chemical data for that site were used 
in this document. 

Anderson ef al. (1988) sampled 12 sites in southern California and tested for toxicity with 
the amphipod Grandidiffella japonica and for the concentration of hydrocarbons and trace 
metals. Half of the sites was significantly toxic (mean 48.3 f 14.6 percent survival); and 
half were not significantly toxic (mean76.8 f 11.1 percent survival) relative to controls. The 
chemical concentrations we= compared between toxic and non-toxic samples. 

Kraft and Sypnicwski (1983) sampled 15 sites each in the north and south regions of the 
Kewecnaw Waterway, Michi Yn and determined macroinverterbrate taxa richnc.ss and copper 
content in the sediment8 in a 1 30 sites. The mean copper concentrations in the northern siics 
(average of 8.4 taxa per site) were compared with those in the southern sites (average of 19.8 
taxa per site). 

The Illinois Environmental Protection Agency (1983a) sampled 21 sites in thc DuPagc 
River nasin and d e t m n e d  benthic taxa abundance and concentrations of hydrocarbons and 
trace metals. Concentrations in 18 sites with relatively high abundance (mean 15.8 f 2.0 SI:, 
tam per Hester-Dendy artlfidal sampler) were compared with those in 3 siies (mean 6.7 Jr 
2.5 SD taxa) with relatively low abundance. 4 



The ILUnois Environmental Rotecti~n Agency (1983b) sampled 25 sites in the Kishwaulcee 
River and determined the number of benthic tam and concentrations of hydrocarbons and 
trace metals. The chemical concentrations in 20 sites associated with relatively high 
number8 of taxa (mean 163 f 4.6 SD per site) were compared with concentration in 5 sites 
wlth relatively low numbers of tam (8.4 f 0.5 per site). 

Taai cf al. (1979) sampled nine stations in Baltimore Harbor, Maryland and determined 
toxidty to mummlchoge Wundulus hetaoclitus), sF't (Ldostomus xanthurus), and soft-shell 
clam (Mya arenaria) and the concentrations of P Bs and trace metals. Five of the stations 
were relatively high1 toxic (mean 48-h TLm of 5.1 f 3.5) to mummichogs and four were 
relative1 less toxic ?mean TLrn of 43.2 f 31.3). The means and standard deviations of 
chemicdconcentrations among the most and least toxic samples were compared. 

VanDolah et al. (1984) se led 15 stations in and near a dredged material disposal site "Poff Geargetown, South Carol na and determined benthic community composition and 
concentrations of PCBs and trace metals. The maximum sediment concentrations of chemicals 
at sites in which no demonstrable effects upon aumrner benthic communfty species richness and 
total abundance was observed were used in this document. 

Tatem (1986) determined bioaccumulation of PCBs and trace metals in the prawn 
(Mucrobrachlum roscnbergil) exposed to Sheboy an River, Wisconsin sediments. He observed 
that the sediments were toxic to the prawns a fter 22 days' exposure. The concentrations of 
chemicals in the toxic sediments wem used in this document. 

Lee and Marlani (1977) reported results of sediment toxicity tests and chemical analyses 
for many prospective dredge areas throughout the United States. The chemical 
concentrations reported aosociated with the observations of relatively high toxicity to the 
grass shrimp Palaemonetcs pugio were used in this document. 

Zagatto et 01. (1987) reported results of toxicity tests with D. similis and chemical 
concentrations in sediments from 18 stations in Cubatao River Basin, Brazil. Minimum 
chemical concentratlons associated with samples that were reported as significantly toxic 
were used in this report. 

Malueg et at. (1984a) sam led sediments from sir site!) in Phillips Chain of Lakes, 
Wivonsin, one site in Torch d e ,  Michigan, and ten sites in the Little Grizzly Creek system, 
California and tested for toxicity to Daphnig inagna and Hexagenia lrmbata and the 
concentrations of trace metals. The chemical concentrations in the one site in Phillips Chain 
of Lakes that was significantly toxic were compared with those in the five other samples 
that were reported as not significantly toxic. The chemical concentrations in the toxic Torch 
Lake sample also was listed and used in this document. The chemical concentrations in the 
eight sampler from the Little Grizzly Creek system that were reported as significantly toxic 
were compared with thow that were not toxic and used in this document. 

Malueg et al. (1984b) sampled iive sites each in the northem and southern reachev of the 
Keweenaw Waterway, Michigan and determined toxicity to D. magna and Wcxagonia limbatn 
and the concentrations of trace metals. The chemical concentrations in highly toxic norrhern 
sediments were compared with those in less toxic muthem sediments. 

Lorig and Hllohman (1989) sampled 15 stations in San Francisco and Tomales bays and 
determined toxicity to the amphipod Rk~pozynius abronius and mus,sci embryos (,Mytilus 
eduli4) and concentrations of . W e  metals and organic com unds. US. Navy (1.987) sampled 
22 swtiow in San Francisco Bey and performed many of tK"e same analyses, exceptthey used 
the emb~yos of the qyster C. gigas. Chapman st al. (1987) sampled tiine sl%ations in San 
Francisco -Bay and' petformed the same analyws as .brig and Buchman (1989). Word et ,al. 
(1@Wsart)~i&:%jstation8in the Oddand Inner Harbor of San Francisco Bay .an&,2ytqmed
@ 6 . ~ @ i a l y s e s  .as US.Navy (1987). The data from these foui studies wGre co*, $d:~i:,ana 

mailto:@6.~@ialyses


three types of analyses were performed. Pirat, AET values were calculated using SedQual 
soflware developed by PTI Environmental Services (1988) and a sorting routine on Microsoft 
Excel spreadsheets on a Macintosh computer. Second, the mean concentrations of chemicals 
aesodekd with relative1 highly toxic sam les (mean 67 * 11.8 percent mortality among R. 
abroniw, mean 92.4 f 45 percent abnomgPbivalve embryos) were compared with those that 
were moderately toxic (33.8 f 4.7 percent mortality among R. abroniue, 59.4 f 11.3 percent
abnormal bivalve embryos) and least toxic (18 i6.6 percent mortality among R. abronrus, 23.3 
f 7.3 percent abnormal bivalve embryos). Third, the chemical concentrations in samples 
reported as significantly toxic were compared with those that were reported as not 
significantly toxic, however, slnce most of the samples were si ificantly different from 
controls, this last approach appeared to be the least eatisfactory o '7'the three. 

Tetra Tech (1985) sampled 55 sites in the Commencement Bay, Washington waterways 
and vicinity and determined toxicity to R. abronius and C .  gigas embryos and concentrations of 
trace metals and organic compounds. The mean concenhations in samples that were most toxic 
(15.7 f 3.9 dead R. abronius out of 20, 44.5 f 19 percent abnormal C. gigas embryos) were 
compared with those in sam les that were moderately toxic (5.2 f 1.1 dead R. abronius out of 
20,23 f 2.3 percent abno rmaPC. gigas embryos) and least toxic (2.5 f0.9 dead R. abronius out 
of 20,15.1 f3.1 percent abnormal C.gigas embryos). 

Word and Mearns (1979) sampled 71 sites along a 60-m depth contour off southern 
California and determined benthic community ~mmposition and concentrationo of trace metals 
and selected hydrocarbons. The chemical conmntrations associated with mtnples that had 
relatively high, itttermediate, and low abundances of echinoderms and arthropod were 
compared. The chemical concentrations associated with relatively high, intermediate, and 
low species richnelu and total abundance were also compared. They were com ared, for 
example, between sites with hi h echinoderm abundance (mean 191.3 x 70.l/dI1 square 
meters), intermediate abundance t56.2 f23.0/0.1 square meters), and lowest abundance (6.1 f 
7.2/0.1 square meters). 

Schiewe ct al. (1984) sampled 18 site6 in Puget Sound. Washington. and detcnnined 
toxicity to Photobacterium phosphoreum in a MicrotoxTM test of organic extracts of s~diments 
and concentrations of petroleum hydrocarbons. Chemical concentrations in highly toxic 
samples (mean EC50 0.31 10.13), moderately todc samples (mean EC50 2.14 f.0.63), and least 
toxic samples (mean EC50 8.9 f3.3)were compared for use in this document. 

Swartz et al. (1985 and 1986) sampled seven sites in 1960 and six sites in 1983 in the 
Southern California Bight off Palos Verdes and determined toxicity with a R. abronius 
bioassay, macroinvertebrate community composition, and concentrations of trace metals and 
selected organic compounds. The data from the two surveys were combined for use in this 
document. The chemical concentrations in samples that were significantly toxic to R abronius 
were compared with those that were not toxic. Also, the chemical concentrations in sites 
reported as having "major degradation" to the macrobenthos were listed and used in the 
present document. 

Rygg (1985) reported the relationship between sediment copper concentrations in 
Norwe an fjords and benthic community com)msition sampled at 71 stations. I-Ie reported 
that a ?0 percent reduction in Hurlbert's dlvers~ty index was correlated with 200 ppm copper 
i? the sediments. 

Johnson and Norton (1988) sampied 12 sites in ports along the lower Columbia River, 
Washington and determined toxicity to the amphipcd H. azteca and concentiations of trace 
metels and organic compounds. P A n  concentrations differed the most among szmpling sites. 
No eignificant toxici was observed, therefore, the maxinium PAX concentriiiion ia wiriclc ~\c, 

toxicity was observerwas listed m d  used in this document. 

Armstrong ct al., 11979(1 sampled 15 stations in Trinity Day, 'Texas in a grid associated 
with an oilfield brine effluent and determined benthic community composition and PAH 



concentration. The PAH concentrations In 10 statlons with relatively high species richness 
(mean 35.3 per station) and total abundance (mean 5178 per station) were compared with 
those in 7 stations with relatively low apedee rfchness (mean 28.2 per station) and abundance 
(mean 1285 per station). 

Qasim el al. (1980) sampled 13 sites in the Trinity River, Texas and tested for toxicity 
with D,magm and for the concentrations of hydrocarbons and trace metals. The chemical 
concentrations in five gites in which significant mortality (mean 925 f 11.6 yrzent SD) was 
observed were compared with those from eight sites in which lowcr (nonsignificant) 
mortality (mean 16f8.9 percent SD) was observed. 

Ingersoll and Nelson (in press) sampled three sites and a control in Waukegan Harbor, 
Illinois and vicinity and determined toxicity to H.uztecp and concentrations of trace metals 
and hydrocarbons. Chemical concentrations in the least contaminated of two earn les that 
were sipificantly toxic (mean 13.8 percent survival) were compared to those wit R higher 
survival (mean 88.8 percent survival). 

Simmers et al. (1984) reported 100 percent mortality in N. virens exposed for 14 days to 
Black Rock Harbor, Connecticut dredged material. The bioassays wcre performed with 
mixtures of 25 percent dredged material and 75 percent clean material and chemical analyscs 
were erforrned with the diluted material. Therefore, the reported concentrations were 
multi$icd by a factor of four for use in this document. 

Salazar and Salazar (1985) and Salazar (1980) reported results of toxicity tests and 
chemical analyws of various numbers of samples in San Diego Bay, California. A variety of 
ar, malu wcre used; all indicated relatively high survival (generally, over 82 percent 
survival). For this document, the highest concentrations in which these high degrces of 
survival wcre observed were listed and used. 

Rogerson el ul. (1985) rcported the results of toxicity tcsts of Black Rock Harbor, 
Connecticut sedimcnts performed with the amphipod A. abditu and chemical data for PA1-I. 
The projected concentrations of PAH in undiluted sediments that caused significant mortality 
were listed and used in this document. 

Tictjen and Lee (1984) sampled 17 sites in the Hudson-Raritan Day estuary and 
detcrmincxl toxicity in 14-d tests of growth of the i~ematode Chromadorina gernranica and 
conccntrntions of hydrocarbons and trace metals. The chemical conccntrations in samples that 
caused a negative intrinsic rate of growth were compared with those that caused a positive 
rate of growth. 

Long (1987) determined PAH concentrations in mudflat sediments and densities of 
meiofaunal organisms in 10 square ccntimeters cores at 28 stations in the Forth estuary, 
Scotland. Thc chemical concentrations associated with high meiofaunal dcnsities (mean 3741 
f 1773) were compared with those that had intermcdiatc densities (mcan 1335 f 396) and 
lowest densitics (mean 112 f 123). 

C H ~ M - H ~ ~ I(1989) sampled 86 statiora in Eagle Harbor, Washington during June 1988 and 
determined toxicity to R. abronius and conccntrations of PAH in bulk sediments. Chemical 
concentrations in 49 least toxic samples (mcan of 17.4 * 1.4 SUMVO~Sout of 20) were compared 
with those in 7 moderately toxic samples (mcan of 11.8 * 1.8 survivors out of 20) and 12  
highly toxic samples (mean of 0.9 i 1.7survivors out ol20). 



APPENDIX B 


SEDIMENT EFFECTS DATA 




Table 8-1. Sedlment effects data avililable for  ANTIMONY arranged in ascending order 
with cemuka regarding use of the concentrations to d e t d n e  BR-Lmd ER-Mvalues. 

Concentration (ppm dw) Biological Test Remarks 

Commencement Bay least toxic-amphipod
Commencement Bay least toxic-oyster 
San Frandsn, Bay AET-bivalve 
BR-L 
Commencement Bay moderately toxic-amphipod 
Commencement Bay moderately toxic-oyster
San Francisco Bay significantly toxic-amphipoci
PSDDA screening level 
%Francisco Bay moderately toxic-amphlpod 
San Francisco Bay AlX-amphipcd 
1986 Puget Sound AET-benthic 
Son Francisco Bay least tnxic-bivalve 
1986 Puget Sound Am-nmphipal
San Francisn, Bay moderately toxic-bivalve 
5an Prancim Bay not toxic-bivalve 
San Francisco Bay significantly toxic-b~valve 
San Frandeco Bay least toxic-am hipod 
San Francisco Bay not t ~ x i c - a m ~ ~ ~ o d  
FR-M..-
Sari Francium Bay hbhly toxic-bivalve 
1986 Puget Sound Aor-oyster 
1986 h g e t  Sound ALT-h4inoto?N 
Commenmment Bay hlghly toxic--oyatcr 
Commencement Bay highly toxic-amphipod 
1988 Puget Sour:d AET-Minotox" 
1988 Puget Sound AET-amphipod
San Francisco Bay highly toxic-amphipod 

No effect 
No cfk.3 
Not definitive 
10 percentile* 
* 
No concordance 
No effccl 
No concomancc 
No concordance. 
No dfed 

No cffea* 
No effect 
No effoc* 
50 percentile 
I 

* 13 cunmntrations used in EK-Land EI1-M estimates. 
ND = not detected 



Table B - 2  Sediment effccts data available for ARSENIC arran8ed in aseec2hg order 
with remarks regarding use of the concentrations to determine BR-L and ER-M values. 

Concenkratlon (ppm) Biological Test Remarks -
Stamford not toxic-ehrlm~ 
Duwamiah Rlver n o n l o d ~ - a ~ r n ~  
Georgetown benthic community 
Black Rock Harbor toxic-Ncrcis 
Trinlty River not Mxlc-Daphnirr 
Sheboygan Rtvw slgniAcantly toxic-prawn 
Newport not toxic-ehrlmp 
Trinltv River sinniflcant toxic-Daphnia 
Nonvak not to&-+hrimp 
Kishwauk River lcart tnxn 
Klshwaukee River most m a  
Southern California not toxic-an\phipd 
DuPage River most taxa 
DuPage Rlver l a s t  taxa 
Souti~emCalltbmia significantly toxic-amphipod 
San Franclsco Bay moderately toxic-amphipod 
Los Angeles Harbor toxic-shrimp 
San Francisco Bay least toxic-bivalve 
San Francisco Bay significantly toxic-am hipod 
San Francinco Bay highly toxic-amphipod! 
San Franciwo Bay not toxic-bivalve 
San Francisco Bay moderately toxic-bivalve 
Pugot Sound nun-toxic-amphipod 
%in Franciwo Bay significantly toxic-bivalve 
Pugot Sound moderately toxlctlmph!;ad 
Commencement Bav leas1 toxic-ovater 
San Franciwo Bay (mat toxic-arr.{hipod 
Commsnccme~itBay lust  toxic--amphipod 
San Francisco Bev not toxic-amr'hiwd 
Baltimore Harh ;  least toxic-fish ' 
BR-L 
EP chronic rnarinc 
Waukcgan Harbor highly toxic-amphipod 
San Francisco Bay hi hly toxic-bivalve 
San Francisco Bay &-bivalve 
1988 Pugct Sound m-bonthic 
Commencement Bav mixleratelv tvxrc-ovster 
Commenwment BGmoderatefy toxic-imphipod 
EP acute marine 
PSDDA screening level 
San Francisco Ray AET-amphipod
BR-M.-
1986 Pugct Sound m-benthic  
Baltimom Harbor most toxic-fish 
19% Puget Sound AET-amphipod 
Commencement Bay highly toxic-oyster 
19% Puget Sound AlT-oystcr 
19% Pug& Sound Am-Micmtoxm 
Puget Sound highly toxic-amphipod 
Commencement Bay highly toxic-amphipod 

No a f f e  
No effect 
No effect 
Smell gradient 
No e f f d  
Small gradient 
No effoct 
Small gradient 
No d f e a  
No effea 
Small gradient 
No cffoct 
Small gradient 
Small gradient 
Small p d i e n t  
No concordancc 
Small gradient 
NO c f f a  
No concordancc 
No concordancc 
No cffca 

No effwt 
No gradient 
Small gradient 
hlo e l fw 
No effca 
No e f fm  
No effect 
No cffcct 
10 percentile 

Ik!low dotenion 

No cffcc. 
No concordancc 
50 percentile 

16 conccntrations uscd to determine ER-L and ER-M values 



Table B-3. Sedimmnt effe@ladata aodable for CAD- arranged in ascendfag order 
with remrulcs xtgardlng use of the concenlraftons to determine ER-L and BR-M values. 

( P P ~ )  Biological Test 

Fraser River feral clams present 
Ktshwaukec River least tau! 
Gemgetown no benthic dfeas 
Cubatao Rlver highly tor':-aaphnia 
Kishwaukce River most taxa 
Mawma bumwina Moassav 
%n Francisco Bay'ieast toxic-bivalvc 
Southcm Califomia high echinodcrtn abundancc 
Massachusetts Bav hi& swdts richness 
Duwamiah River lbw &dty-shrimp 
San Francisco Bay modmately toxi- an~phipod 
Southern California moderate cch-  derm abundancc 
Keweenaw Watemny least toxic--llnplmia 
New I? not mxicahrimp 
San g n d w o  Bay lmst toxic-amphipd 
San Francism Bay significantly toxlc-amphipud 
San Francisco Bav not todc-amohiwd 
San Francisco Bai significantly &xi&-bivalve 
San Prancisoo Bay not toxicbivalve 
Southcm California modcrate s&t?s richncns 
Kewecnaw Waterway not toxic:~a~hnia 
Ssn Francisco Bav hir,hly toxic-hivalvc 
San Francisco Baj. m"od&atcly toxic-bivalve 
Southern California moderatc arthropod abundance 
Masaaclrusctts Bay modcratc spocicd richness 
Snn Fnnclseo Hay highly toxic--am hipod 
Southcm California modoratc tota Pabundancc 
Southern Califomia high arthropod abundancc 
San Dicgo Bay low toxicity-various 
Snn Mcgo Bay low toxicity-various 
PSDDA kcrcening level 
R. rrlrrunius LC%-spiked bioass;rv 
Southem califomis' low total abundancc 
Maswchuwtts Bay lwst species richncss 
Fraser Rivcr feml~ciams absent 
Son Prancixn Bay Am-amphipod 
Little Grizzly Creek high toxicity--r)aphnir 
DuPanc Rivcr l a s t  taxa 
~ a c o k aavoidance bioae~ay 
Sl~uthcrn California hlgh spocics ric.hnci.6 
h P a g c  River most tnca 
Kewmnaw Waterway most toxic-Daphnia 
Black Rock HaSor highly toxic--Norcis 
%n Francisco Bnv AEr-bivaivc 
Kcwecnaw Wat&way significantly toxic-nephnio 
Commencement Bay least toxic-oyster 
Lake Union mxic-imphipod 
hltimorc Harbor l u s t  toxic--fish 
Commenccmcnt Bay Least toxic-amphipod 
Wauko an Harbor high toxicity-amphipod 
Torch &kc significantly toxic-Daphnia 
Ctrn~mencemcnt Bay modcratcly toxic-oyster 

Remarks 

no cffwts 
Dolow detection 
No cffccts 
Small gradicnt 
Below detection 
Small gradient 
Nn cffoct 
No cffect 
No cffcct 
No cffect 
No gradient 
No gra&~ont 
No cffcct 
No cffcct 
No effect 
No gradicnt 
No cffect 
No gradient 
No effect 
No concordance 
No cffcct 
No gradient 
Small vdicnt 
No cuncordancc 
S~nall gradicnt 
Small gradient 
No concorduncc 
No affect 
No effect 
No cffcvt 
No  affect 
Sand 
Nu concordance 
Small gradiont 
Small gradient 
No co~~cordancc 
Smirll p d i c n t  
no concord;mcc 
Small gmdicnt 
No f?ff@ct 
Nu effect 
Small gradicnl 
Small grifdicnt 
S~r~allgrudient 
Snull g~atiiont 
!Vo cfJect 
Small g~:mclic:nt 
No effr~t 
No clfcn 
S~jr.lell g-edicnt 
Small gmdicnt 
Sinall grr~dicnt 



Table 04. (continued) 

Biological Test 

Sheboygrn River high toxicity-prawn 
Stamfordlow toxidty-shrlmp 
Commenmment Bay moderately toxic-amphipd 
Los Anplea Harbor hlgh toxlcity-ehrimp 
PhUlIps Chain low toxldty-Dophnin 
Southern California not toxlc-amphipod 
Norwalk low towlcitv-8Mmu 
Southern Callbrnd low arthropod abundance 
Southern Callfornh low spedn, richness 
Trinity Rlva not toxirDaphnia 
Phillips Chain high toxicity-Daphnin 
ER-L 
19811Puget Sound AET-benthic 
Southern California significantly todc-amphipd 
R. abronius-spiked bioassay 
1986 Punet Sound ART-benthic 
R. abronyus-s ked bionasay 
Southem Cal/'fornia low echinoderm abundance 
K. abroniue KCSO-sulkad bioassav 
1986 Puqet Sound k - a m  hip& 
R. abronwe LC50-spikcd bI'oassay 
R. abroniue LC50-sbiked bioassek 
E. sacillus LC9E spikal bloassny
R. abronius LC76-spiked bioassay 
R. abmnius LCSO-sulked bioassa;. 
R. abronius ~ ~ 5 0 - s b i k c dbioassL 
Palos Verdes not tox ic-arn~hid  
R. alnonius overall ~~50--sb ik idhloassay 
ER-M 
R. abroniud EC50-spiked bioassay 
Southern California high total abundance 
1986 Puget Sound AET-oystn 
19% Pup l  Sound Am-MicmtoxN 
R.abronlue KCXI-spikcd bioaenay 
R.nb~oniwLCSO-npiked bioassay 
R. abroniw LC=-s iked bioasuay 
Trinity R i m  sigdfrcantly toxic-Daphnw 
P.a ~ i s , l e t h a l ~-spiked bioassay 
K. ronlue LC -spiked bioassay 
Hudson-Raritan leaat toxic-nematode 
Commencement Bay highly toxic-oystcr 
Hudson-Raritan highly toxic-nematade 
R. abraniud EGO--epikcd bioassay 
San Diego Bay low toxicity-plychaete 
Baltimorz Harbor most Mxic-fish 
R. abronivs LC%-spikwl bioassay 
San Diego Bay low toxidty-mysid
Paloe Verdes significantly toxic-amphipod 
Paloe Verdea major benthic degradntion 
EP chronic marine 
San Diego Bay low toxicity-clam 
San Dego Bay low toxicity-various 
Ncw York Harbor low toxicity-various 
N. vircna-spiked bioassay 
Commencement Bay highly toxic-amphipod 
EP acute marine - -

18 uxd  to determine ER-Land EK-Mvalues 

B-4 

Smell adlcnt 
NO e& 
Small gradient 
Small gradient 
No efka 
No efka 
No e f i n. 
No effect 
SmaU gtadlent 
10 percantlie .. 
w.. . 
L, 

* . 
* 
No effect 

SO percentile 

No effect* . 
30effect 
No effect 
No cffcct 
NO effect 



Table 84. Sediment effect6 data avdbble for CHRQMNM arrurged & mending order 
with ramarks regarding uBe of the concentrations to determine HR-L and IJK-M vduen. 

Concentr~tlon(ppm) Biological Teat 

2 5  
11.8t 3.7 
15.3 


26 
27i 11.1 

29 
292 f 9.1 
29.6 f 15.6 

32.3f I75 

3455.9 

36.3 f 21.9 
38.1 f 36.3 
38.5 
40.7f 30.9 
42f I1 
42f 39.8 
43.4f 225 
46.3 t 43.3 
47.6 

5rliB3.5 
59.7 i 28.7 

M) 
60.9f 275 

623* 139.2 
67.5 
72.hf 60.6 
73 & 124.4 

8i%29293 
81.4 f 885 
86 
87%47 
87.3+ 22.1 
88.2 t 82.7 
90 

975 i 66.7 
101.6 

108.7f 19.6 

128f 4 

133.7f 94.2 

141.8 f 86.5 

144.6 f 88.6 

145 
145.8f 307.9 
15-92f E5.9 
154.9f 1M.I 

156.6f 320.9 
1603f 85.4 

Georgetown benthic community 
Commencement Bay hast toxlcqwter 
Duwaminh RIWI low toxi& 
Commencement Bay least ioxIc-amphJpd 
Commencement Bay moderately toxic-amphipod 
Commencement b y  moderately toxic-oyater 
Trinity RIver not toxic-Dophnirr 
Commencement Bay hlghly toxlc-amphipod 
Newprt low toxicity-nhrimp 
Lake Union hinhlv todcam~hiuod 
~ommencem&tiay highly iowic-oyster 
FanDi~eaoBav low toddhl-various 
Wn D I ~ OBaj. low toxtdty-vmious 
Massachusetts Bay high ~ p r i c a  richness 
Kcweenaw Waterwav least toxic-Davhnia 
KIshwaukee Rlver mbst tam 
Southern California high echinoderm abundnnce 
Southern Callfornla moderate wh!nodenn abundance 
DuPage River most tuxa 
Keweenaw Walerway not toxic-Daphnin 
EDt~tltern California moderate species richness 
Waukegan Harbor highly toxic-ampt,iiptd 
Southern California high arthmpod abundance 
Frasor River Mncoma prosent 
Southern California moderate total abundance 
Klshwaukee River l a s t  taxa 
Southern California moderate arthropod abundance 
Los Anaelea Harbor hiah toxicitv 
southe& California lo; total abundance 
DuPage River least tam 
~ a c o &  burrowinn bioaesav 
Maesachusetts ~ a f  modcraie species richness 
Southern California high s p i e s  richness 
Norwalklow toxiatv-shrimn 
Trinity Zver signi6cantly toxic-Ihphnia 
Soi!inem California not toxic-amphiwd 

Massachusetts Bay low s ies richness 
Southern California s i x n t l y  toxic-amphipod 
Stamford low toxicitv-khrim~ 
Little Crlvly creekPhigh tohcity-l)ophnin 
Sraser Rlver Macoma absent 
San Francism Bay lcabt toxic-bivalve 
Mncvmn avoldancc bioassay 
San Francisco Bay highly toxic-bivalve 
Keweenaw Waterway highly toxic-Dnphnia 
Keweenaw Waterway significantly toxic-Daphniu 
Sheboygan River significant toxicity-prawn 
San Franciw Bav sinnificantlv todc-bivalve 
San Francisco Bai hkhly toxi;-amphlpod 
Hudson-Raritan least toxic-nematode 
ER-M 
Southern California low arthropod abundance 

San Francisco Bay not toxic-bivalve 

San Francisco Bay significantly toxic -amphi@ 

Southern California low s p i c e  richness 

Nudaon-Raritan most toxic-nematode 


Remarks 

No effect 

No effect 

No effea 

No effect 

No adlent 

;l!"d,ent 


Small adient 
No e& 
Small gradient 
Small gradient 
No effect 
No effect 
No cffect 
No effect 
No effect 
No cffect 
No gradient 
No e f h l  
No effed 
No concordance 
Sme!! gradient 
No cffect 
No effect 
No concordance 
Small gradient 
SmaU gradient 
Small gradient 
No concr>rdance 
Weak concordance .Small gradient 

No cffect 

No cffect 


No effea 

*- -.I D  .aercrnt4lr-- - . -- - -

No effect 

No cffect 

No concordance . 
* 
* 

. 
No effect 
No concordance 
NO effect 
50 percentile 



Table 8-4. (contlnusd) 

Concentration (ppm) Biological Test 

San Frandm Bay moderately toxic-amphipod 
San Frandxo Bay moderately toxiobivalve 
Torch Lake si Ificantly toxic-Dnphnia 
5nn Frandm%I y least toxic-omphipod 
Southern California low echinoderm abundance 
5an Francisco Bay not toxlc-amphipod 
Sen Diego Bay low toxicity-nhrtmp 
1988 Puget £ound Am-benthic 
1988Puget Sound AET-ampMpod
San Francisco Bay Am-bivalve 
Southern California high total abundance 
San Diego Bay low toxiclty-clam 
Sen Diego Bay low toxicity- lychaete 
San Diego Bay low toxicity-Eh 
Phillips Chain least toxic-Daphnin 
Baltimore Harbor least toxic-fish 
Black Rock Harbor hi h toxicity 
San Francisco Bey ~h ' - am~hipod  
Palos Verdem maps benthic degradation 
Phillips Chain significantly toxic-Dnphnia
Baltimore Harbor most toxic-fish 

No concordartcc 
No concordance. 
No effect 

No effect 
No effect 

1 

No con..ordance 
No effect 
No effect 
No effect 
No effect 
No effect 
No effect 
I) 

No concordance. 
'21 concentrations used to determine ER-L and EP '' values 



ii 
B Table 'O-5. Sediment affrcta data avpilable fox COPPER arranged in amending order wlth1. runarks regarding use of the concentrations to determine ER-L and ER-M values. 
B 

Conaenhation (ppm) Biological Test R ~ & D  

1.02 
4 f 3  
5 f 2  
7.9 k 5 
8.9 k 4 
1 2 k 6  
12.2 
13.4114 

15f  7 
16f  7 
17.8 
17.8 
18f 15 
19.5 
19.5 f 6 
23.6 
27.5 k 16 
33 
34.5 f. 17 
42.8 
43 j:49 
45.4f 53 
46.9 i! 26 
62.1 4 25 
62.3 t 78 
64 4 40 
67 
68.2 4 48 
68.4 j:62 
70 
70 f47 
72.1 * 42 
72.6 f.75 
74.6 k 43 
76 f51 
77.3 ~k 39 
811 

84.5 rt 63 
85.1 .1: 69 
87.7 z 33 
96.7 f 177 
98f90 
106.3f 9') 
110 
117.8 f 98 
134.6 k 57 
1.35.2f 118 
136 
138it 124 
145 .t: 2 

147 


.. -
Georgetown benthic community No effect 
Missiesippi River high toxicity--midge NO mnwrdance 
Massachusetts Bay high spedes richness No effect 
Mississippi River low toxicity No effect 
Misslasippi River low toxictty No effect 
Southern Cailfomia high echinoderm abwdance No effect 
Newport low toxicity-shrimp No effect 
Southern California moderate echinoderm abundrsnce No gradient 
Massachusetts Bay moderate species richness I) 

Maseachusetts Bay low species richncss No padient 
Mississippi River low toxicity No effect 
ETSOburrowing time bioassay-clam I 

Trinity River nontoxic--Daphnin No effect 
Waukegan Harbor highly toxic--amphipod * 
Kishwaukee River high number of taxs Small gradient 
Keweonaw Waterway least toxicity No effect 
Feral Eraser River Macoma present No effect 
Keweenaw Waterway high number of taxa No effect 
5an Francisco Bay l a s t  toxic-bivalve No effect 
Duwamish River nontoxic-shrimp No efkct 
Keweenaw Waterway nontoxic--Daphnia No effect 
Kishwaukce River low number of taxa * 
San Francisco Bay not toxic-bivalve No effect 
DuPage River high number of t a u  No effect 
Southern California nontoxic-amphipod No effect 
rn Francisco Bay moderately toxic--amphipod No concordance 

Macoma burrowing bioassay B 

San Francisco Bay significantly toxic-bivalve i 

Trinity River significant toxicity-Daphnia * 
ER-L 10 percentiie 
San Francisco Bey sibmificantly toxic-amphipod Small gradient 
San Francisco Bay least toxic-amphipod No effect 
Commencement Bay least toxic-oyster No effect 
San Francisco Bay not toxic-amphipod No effect 
San Francisco Bay moderately toxic--bivalve . 
DuPage River low numbcr of tam Srna:! gradient
I'SDDA screening level No eftcct 
San Francisco Bay highly toxic-amphipod I 

Commencement Bay least toxic-amphipod No effect 

San Francisco Bay highly toxic-bivalve . 

%u:her!? California low echinoderm abundance e 


hgzt Sound nontoxic-amphipod No effect 

Commencement Bay moderately toxic-oyster * 

San Francisco Bay AET-bivalve e 


commencement Bay moderately toxic-amphipod + 

Feral Fraser River Macomn absent * 

Phillips Chain nontoxic-Da hnia No cffcct 

EP chronic marine 8 4 %  TO'? 
 4 

Puget Sound moderately toxic-amphipcd x 
Sheboygan River toxic-prawn s 


Los Angelw Haibor toxic-shrimp 




Table BQ. (continued) 

CancentratIan (ppm) Biological Test Remarks 
-

1SO Macoma avoidance bioassay I 

156 Lake Union high toxiclly--amphiR" * 
157.5f29 Baltimore Harbor least toxic-fis No effect 
180 San Frandsco Bay AET-amphipod * 
181.8f 173 Southern California significant toxicity--amphipod * 
200 Norwegian benthos species diversity * 
210 San Diego Bay nontoxic-various No effect 
216 EP acute marine @4% TOC + 
217.8 Stamford nontoxic-shrimp No effect 
223.7 Now& nontoxic-shrimp No effect 
250.5 f 232 Hudson-Radtan nontoxic-ncmtode No effect 
251 i227 Pal08 Verdes nontodc-amphlpod No effect 
310 1986Puget Sound AET-benthic + 
312.3 San Dirso Bay nontoxic-mysid No effect 
390 ER-M 50 percentile 
390 1981Puget Sound AET-oyster * 
390 1986Puget Sound AET- MiaotoxrM * 
453 i.311 Hudson-Rarltan high1 toxic--nematode * 
530 1988Plrget SoundAE?Y-benth~c 1 

540 Pliillips Chaln significant toxicity--Dapknb I 

589 K e r n n e w  Waterway lcast nulnber of tam e 

591.7f126 I'alos Verdes major benthic degradation m 
591.7f 1% PJos  Yerdee significant toxicity-amphipod * 
612 Elack Rock Harbor highly texic I) 

612 Keweimaw Waterway highly toxic-Daphniu L 

681 LC50 Daphnia spiked bioassay-Soap Cmek * 
730 Keweenaw Waterway significant toxicity-Vaphrlia * 
810 1986Puget Sound AET-amphipod * 
057 LC50 midge spiked bioassay-Soap Creek e 

917.8 i: 2750 Commencement Bay highly toxic-oyster * 
937 LC50 Daphnia spiked bioassay-Tualatin Rlver 
964 LC50 amphipod spiked bioassay- %ap Creek s, 

995 San Diego Bny nontoxirdoclam No effect 
995 San Diego Bay nontoxic-polychaete No effect 
1071f948 BalHrnore Horbor most toxic-fish (I 

1078 LC50 a r n p h i i  splkd,b?ssay-Soap Creek . 
1260f3251 Puget Soun high y tour amphipod e 

1300 1988Puget Sound AET-.amphlpod . 
1374f 809 Little Grizziy Creek todc-Da hniaK1800 Torch lake highly toxic-Dup ma M 

2296 LC50 m i d g  spiked bioassay-Tualatin River 1 

2820 f 4881 Commencement Bay highly toxic-amphipod . 
51 concentrations used to determine EK-L and ER-M values 



T@bleB-6. Sediment cffeck~data available for LEAD amaged in asamding ordu with 
mmorlrn regarding use of the eonccntratiom to detennlne BR-L and Hg-M values. 

Concentratlon (ppm) Bloiogical Test Remarlts 

Georgetown disposal site benthos 
Southern California moderate echinoderm abundance 
Keweenaw least toxic--Daphnia 
Xeweenaw nontoxic-Dqtnin 
flouthem California moderate species richness 
Southern California high echinoderm abundance 
Southern.Califomla high arthropod abundance 
Massachusetts Bay high benthhic species richness 
Southern California modmate arthropod abundance 
Southern California moderate total abundance 
Feral Fraser Rfver Macoma present 
Southern California low total abundance 
Cubatao River Brazil high toxicity-Daphnia 
Southern California hlgh species richness 
Kishwaukee River high number of taxa 
San Francisco Bay least toxic-bivalve 
Keweenaw Waterway high1 toxic Daphnia
~uwavniahRiver nontoxics&wnp -
Keweennw significantly toxic-Daphnia 
Kishwaukee Nver least number of taxa 
Little Grizzly Creek significant toxicity 
Macoma burrowing bioassay 
Waukegan Harbor highly toxic-amphipod 
Norway benthos diversity 
BR-L 
Trinity River least toxicity--Daphnia 
Los Angles Harbor >M%mortnlity-shrimp 
Sen Francisco Bay moderately toxic-amphipod 
Mass~chusctts&y moderaterpccics richn& 
San Francisco Bav nontoxic-bivalve 
Southern ~nlifo&ianontoxic--amphipod 
Massachusetts Bay low benthic species richness 
Puwt Sound nontoxic-amphipod 
Southern California low arthropod abundance 
San Francisco Bay tiiad minimum biocffeds 
San Francisco Bay least toxic-amphipod 
Southern California low species richness 
Trinity River slgnlflcantly toxic-Daphnia 
Son Frandsco Bay nontoxic-amphipod 
DuPage River high number of taxa 
San Francisco Bay significant1 toxic-amphipod
San Frandsco Bay significant6 toxic-bivalve 
W C A  heavy: benthos absent 
San Francisco Bay moderately toxic--bivalve 
Southern Califomia low echinoderm abundance 
PSDDA screening level 
Southern. California significantly toxic--amphipod 
Macoma avoidance bioassay 
Commencemnt Bay least toxic-amphipod 
Phillips Chain low toxicity--Daphnia 
Feral Fraser River Mncoma absent 

No effect 
No concordance 
No effect 
No effect 
No concurdance 
No effect 
No effect 
No effect 
No gradient 
No concordance 
No effect 
No concordance 
Small gradient 
No effect 
No effect 
No effect* 
No effect* 

No concordance* 
Delection limits* 
10 percentile 
No effect* 
* 

No effect 
No effect* 
No effect* 
* 
No effect* 

No effect 
Nw effect 
Small gradient* 
* 
* 
* 
No effect* 
* 
No effect 
No effect. 



1 . (donfinued) 

Conctntration (ppm) Biological Test Remarlrs 

89.6 Black Rock Harbor 100% mortality-Net& * 
9A.Q $ 1.54 %uthe~~California high total abundance No effect 
95.7 f 93 San Fsandseo Bay highly toxic-amphipod * 
1 W d f87 San Francisco Bay highly toxic-bivalve 
104.7f 173 Commencement Bay least toxlcoyater No effect 
1x0 ER-M 50 percentile 
110 Torch Lake significantly toxic * 
113.1f 123 Commencement Bay moderately toxicoyster e 

120 San Francisco Bay AET amphipod I 

122.9 Stamford nontoxic-shrimp No effect 
a130 'jan Francisco Bay triad significant bioeffects * 
132 EP chronic marine @4% TOC * 
136.6f 140 Puget Soundmoderately toxic-amphipod 
140 San Francisco Bay AET-bivalve 
143.7f I10 DuPage River low number of taxa I 

145.2f 132 Hudson-Rarltan not toxic-nematode No effect 
160 Phillip8 Chain significantly toxic 
170.8f 192 Commencement Ba moderately toxic-amphipod * 
213f 131 Baltimore Harbor i"east toxic--fish No effect 
253f47 Sheboy an River significantly toxicf * 
276.9 Nonval nontoxic-shrimp No effect 
300 1986Puget Sound AET-benthic 
300 L~keUnion 95% mortality-amphipod I 

312.3f23 Pillas Verdes major benthic degradation 
320.9 195 Hsidldson-Raritan highly toxic--nematode * 
450 1988 Puget Sound AET-benthic L 

512f213 Baltimore Harbor most toxic--fish $ 

530 1986Puget Sound AET-Ml~mtoxTM 
570.1f 1489 Commencement Bay highly toxic-oyster e 

660 1986h g e t  Sound AET-am~.thipod * 
660 1986Puget Sound AET-oystm * 
750.2f 1763 Puget Sound highly toxic-amphipod . 
1613.2f 2628 Commfncement Bay hi hly toxic-amphipodf * 
3360 EP acute marine @ 4% OC I 

* 47concentrations used to determine ER-L and ER-M values 



Toble 8-7. Sediment effects data av.Ilable for MWCURY snanged in acendlng order 
wlth nmarks reguding age of the concentrations to detlnnlne Elk-L and EX-Mvalues. 

Concentration (ppm) Biological Test Remarka 

Newport not todc-shtlmp
BP chronic marine @I%TOC 
Miasissi i River low toxidty 
Duwall!'[ s River not toxic-sMmp
Massachusetts Bay high benthos es richness 
mukegan Harbor ~ g ~ ytoxic+%. 
Kishwaukee River high number o taxa 
Kishwaukee River low number of taxa 
Shebo gan River significant toxicity-prawn 
Feral L a m  River Macoma resent 
MassachusettsBay low ben&os 8 ies richness 
Keweenaw Waterway not toxic-ghnia
Keweenaw Waterwa leas: toxic-Daphnia
Lon Angeles toxic (> % morta1tty)-sMm-p 
ER-L 

Jb 
Stamford not toxicshrimp 
Lake Union 95% mortality-amphip
Massachusetts. Bay moderate bent os species r i c h e s  
Macoma bumwing time bioassay
KeweenavVWaterway most toxic-Daphnia 
Commencement Bay least toxic-amphipod 
Commencement Bay moderately toxic-oyster
Commencement Bay least toxic-o ter 

FSDDA screening level 
3"Keweenaw Waterway significan y toxic--Daphnia 

DuPage River high number of taxa 
Torch Lake significant mortality-Daphnia 
Com~encementBay moderately toxic-amphipod 
San Francisco Bay least toxic-bivalve 
Trinity River significantly toxic--Daphnia 
Norwalk not toxic-shrimp
Southern California significantly toxic-amphipod 
Southem California not toxic-amphipod
Baltimore Harbor least toxic-fish 
1986 Puget Sound AFT-MinotoxTM 
Feral Frascr River Macoma absent 
Puget Sound nontoxicamphipod
Macoma avoidance bioassay 
San Francisco Bay least toxic-amphipod
San Francisco Bay not toxic-bivalve 
1986Puget Sound AET-oyster
San Francisco Bay not toxic-amphipod 
San Francisco Bay highly toxic-bivalve 
Trinity River low toxicity-Daphnia 
EP mute marine @4% TOC 
Georgetownbenthic cummuni'7Pontoporeia activity not signi icantly decreased 
San Francisco Bay moderately toxic--amphipod 
San Francisco Bay significantly toxic-amphipod
San Francisco Bay significantly toxic-bivalve 
1986Puget Sound AET-benthic 

No effect* 
No effect 
No effect 
No effect. 
No effect 
No gradient 
Below detection 
No effect 
No gradient
No effect 
No effect 

10 percentile 
NoI) effect 

No gradient* 
No gradient 
No effect 
No gradient 
No effect 
No gradient 
No effect 
No effect* 
No gradient 
No effect 
No concordance 
No effect 
No gradient 
No effect 
No effect* 
* 
No effect* 
No effect 
No effect* 
No effect 
No concordance 
No effect. 
No effect 
No effect 
No gradient 
No gradient) 
No gradient* 



, ;:!: .,.,...;*,. *-' 
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1 7 .  Se0fifinued-d) 

Qnhcc;ntratlon(ppm) Blolo~icalTest Remorlrs 

0.9 it 1 San Prandeco Ea moderately toxic-bivalve a 
0.9 Cubatao River E&O toxidty-Daphnia e 

ll.% f 1 San Francisco Bay highly toxic-amphipod * 
1.02 f1.3 Phillips Chain not toxic-Daphnia No effect 
1.3 8R.M 50 percentile 
1.3 Sppn Francisco Bay AET-amphipod * 
1.38 f4.6 Puget Gaund intermediate toxicity-amphipod s 

13 San Frandsccr Bay AET-bivalve 
1.5f0.9 L. Grluly Cseek significantly toxirDnphnin e 

1.6 k 1.1 Baltimore Harbor most toxic-fish 
1.6*2 DuPage River low number of tam * 
2.1 1986Puget SoundART--phipod * 
2.1 1988 Puget Sound ART-benthic * 
2.15-335 Pontoporda activity sign decreased * 
2.7 San Diego Bay not toxic-various No effect 
3.5 f 12.5 Commencement Bay highly toxlc-oyster
5 f6.7 Hudmn-Raritan not toxlc-nematode No effect 
5.04 f 14.8 Puget Sound highly toxic * 
8.9 f 7.5 Hudson-Rarttan highly toxic--nematode e 

9.4 Phillips Chain signiHcantly toxic 1 

11.2 f 22.8 Commencement Bay highly toxic-amphipod I 

13.1 LC% am Mpod bioassayf: Y 

34.9 New Yor nontoxic, 100-d,various species NO effect 
58.2 San Diego Bay not toxic-mpid No effect 
66.5 Sar, Diego Bay not toxicclam No effect 
251.4 San Mego Bay not toxic-fish No effect 

30concentrations uscd to determine ER-L and ER-M values 
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Table B-9. Sediment effect6 data available for SILVRR arranged in ascending order with 
remarks regarding use of the concentrations to determine HR-L and BR-M values. 

BI- Teat 

0.2 i0.1 Commencement Ray highly toxicamphipod No gradient 
0.3 f 0.1 Commencement Bay moderately toxic-am hipod No gradient 
0.3 f.0.1 Commencement Bay least toxic-amphipo8 No gradient 
0.3 f 0.1 Commencement Bay highly touic-oyster No gradient 
0.3 f0.1 Commencement Bay moderately touic-oyster No gradient 
0.3 i0.1 Commencement Bay least toxic-oyster No gradient 
0.3 f:0.1 Puget Sound least toxic-am hi No effect 
0.5 f0.4 San Francieco Bay least to&-ea1ve No effect 
>Q.6 1986Puget Sound AET-oyster No ddnitive value 
10.6 1986P ~ g e tSound AET-h4Icrot0xTM No definitive value 
0.6f 1 Puget Sound highly toxic-amphipod * 
0.6 f0.5 San Francisco Bay not toxic--bivalve No effect ' 
0.6 i0.8 Southern Californin high echinoderm abundance No effect 
0.6 i0.7 Southern California moderate echinoderm abundance No gradient 
0.7 f1 Southern California moderate arthropod abundance No concurdance 
0.7 k 0.8 Southern California moderate species richness No conrordance 
0.8 f0.6 Feral Frascr River Mucoma present No effect 
0.8 Sen Diego Bay high survival-various No effect 
0.8 San D i e p  Bay high survival--various No effect 
0.9 -1:0.9 San Francisco Bay moderately toxic-amphipod No comrdancc 
0.9 f1.6 Southern California high arthropod aburtdance No effect 
0.9 f 2.1 Southern California high ~pecicsrichness No effect 
I Maconla avoidance bioassay * 
1 ER-L 10 percentile 
1 f0.6 San Francisco Bay moderately toxic-bivalve * 
l f 2  Southern California moderate abundance No concordance 
1.1 San Francisco Bay AET-bivalve * 
1.1k 1.9 Southern California not toxic--amphipod No effect 
1.2 PSDDA screening level No effect 
1.2 f 1.7 San Francisco Bay significantly toxic-amphipod No concwrdar~ce 
1.3 f 1.8 San Francisco Bay least toxic-ampl~ipcd No effect 
1.3 f 1.4 Southern California significantly toxic--amphipod No gradient 
1.3 f1.8 Southern California low abundance No qncordance 
1.4 f 1.9 San Francisco Bay not toxic-amphipod No effect 
1.7 f2.6 San Francisco Bay high1 toxic-amphipodi! No concurdance 
1.7k 2.2 Ssn Francisco Bay signi ~cantlytoxic-- bivalve 8, 

2.1 .1:1.3 Feral Fraser River Macoma absent * 
2.2 i3.9 Southern California low arthropod abundance * 
2.2 ER-M 50 percentile 
2.5 i4.1 Southern California low species richness 0 

2.6 Macoma burrowing bioassay * 
3.1 f 4.5 Southern California low echinodernr abundance * 
3.2 1:5.6 Southern California Mgh abundance No effect 
>3.7 1986Puget Sound AET-amphipod No definitivevalue 
5.2 1986Puget Sound AET-benthic 
>6.1 1986PugetSound AET--benthic No definitivevalue 
6 1988Puget Sound AET-amphipod 
6.9 f2.5 San Francisco Bay hi hly toxic-bivalve + 
>8.6 San Francisco Bay ~ ~ % - a m ~ h i ~ o d  Not definitive 

* 13 concentrations used to determine ER-L and ER-M values 



Table 8-10. Sediment affect6 data svdlrble for ZINC arranged In ascending order with 
mark6  mgsrdlng use of the concenfratlons to determine Eft-L and ER-Mvalues. 

Conccntratlon (ppm) Blologicnl Test Remarks 

Georgetownbenthiccommunity 
Cubp.tao River highly toxic-Dnphnia 
Massachusetts Bay high s@es richness 
Southern Califonria high echinoderm abundance 
Southern California moderate species richness 
Southern Callfomia high arthropod abundance 
Amphipod avoidance bioassay 
Southern Califomin moderate arthropod ab~ndance 
Southern Califomfa moderate abrndance 
Southern Califomla moderate ech~nodcmabundance 
Newport low toxldty-shrimp 
Trinity River low mortality-Daphnia 
Pontogoreia bioassay 
Keweenaw Waterway low toxicity-Daphnia 
Feral Fraser Rlver Macoma present
Kweenaw Waterway not toxic-Daphnin 
Southern California high species richness 
Southern Californifl low abundance 
Duwamlsh River low toxicity--shrimp 
LC08 amphipod bioassay 
LC05 amphipod bl~assay 
Norwegian benthic spcries diversity 
San Francisco least toxic-bivalve 
Kishwaukee River highest benthic species richness 
Massachusetts Bay moderate sp ies  richness 
Commencement Bay least toxic-oyster 
Kishwaukee River least benthic species richness 
Commencement Bay least toxic-amphi@
Macoma burrowing time bioassa 
Puget Sound nontoxic-amphiJ 
Massachusetts Bay lowest species rrchness 
ER-L 
Trinity River significant mortality-Daphnia 
Waukerran Harbor high toxic-amohiood 

No effect 
No concordance 
No effect 
No effect 
No concordance 
No effect* 
No gradient 
No conmrdance 
No gradient 
No effect 
No effect* 
No effect 
No effect 
No effect 
No effect 
No concordance 
No effect 
No effect 
No effect 
Poor c o w a n n :  
No effect 
No effect* 
No effect 
No gradient 
No effect 
No concordance 
No* effect 

10 percentile* 
I. . 

130 San ~&cisco Bay A~T-bivalve * 
1364 78 %n Francisco Bay not toxic-bivalve No effect 
144f73 San Franctsco Bay moderately toxic-amphipod No co~mrdance 
154f 91 San Francisco Bay significantly toxic--bivalve Small gradient 
154 Keweenaw highly toxic-Daphnin . 
558 4 87 San Francisco Bav sienlficantlv toxic--amohiwd No conmrdance. . 
160 PSDDA screening le& 
168f52 Keweenaw Waterway significantly toxic-Dapi 
169f53 Feral Fraser River Macoma absent 
171k91 San Francisco Bay least toxic-amphipod 
172 Macoma avoidance bioassay 
172f92 San Francisco Bay moderately toxic-bivalve 
177f 96 Sen Francisco Bay not toxic-amphipod 
182f384 Southern California low arthropod abundance 
182f56 DuPage River highest benthic speaes richness 
185f335 Commoncement Bay moderately toxic-oyster 
187 i  115 San Francisco Bay highly toxic--amphipod 

No effect 
inin * 

* 
No effect 

(I 

No effect* 
No effect 

No gradient 



Table B-10. Icontinued)-
Concentration (ppb) Biological Teat R e m ~ k r  

188 Amphigd avoidance bioassay b 

1951:166 Puget und moderately toxic-amphipod . I 

197-k 415 Southern Califomla low species richness . 
2051:90 San Frandm Bay highly toxic-bivalve 
211 1:342 Commencement Bay moderately toxic-amphipod I 

212 k 293 Southern CaUfomia not toxic--amphipod No effect 
216 i213 Phillips Chain low mortality-Daphnia No effect 
223 Los Angeles Harbor >50% mortality-shrimp . 
230 San Frandscu Bay AET-amphipod . 
230 5 444 Southern California low echinoderm abundance . 
2r15 j:201 Hudson-Raritan sitive growth-nematoder No effect 
260 1986 Puget Soun AET-benthic . 
267 j: 298 Little Grizzly Creek significant mortality-Daphnia L 

2'10 ER-M 50 percentile 
276 LC50 for am hipod bioassay 
290 k 10 Sheboygan Aver significant mortality-prawn . 
310 Torch Lake significant morlality--Daphnia . 
320 1-ake Union hi h mortality-am hipodB P327.1:162 DuPage Rlver east benthic spec es richness 1 

334 Black Rock Harbor 100% mortality-Nereis . 
340 Stamford low mortality-shrimp No effect 
347 ..392 Southern California high abundance No concordance 
348 k 2.34 Southern California sipificantly toxic--amphipod 
387 f 783 Commencement Bay hl hly toxic-oyskr . 
410 19U8Pu&et%und AET-Lnthic . 
449 f252 Hudson-Raritan ncxative growth-nematode . 
570 Phillips Chain significant mortality . 
613 54.7% mortality--Rhqoxynius b~oassay . 
636 Norwalk 0% mortality--shrimp No effect 
707 f955 Pu et Sound highly toxic-amphi r' . 
738 f394 ~aftimoreHarbor least toxic--hs No effect 
739 5 139 Palos Verdcs major benthlc degradation 
760 EP marine chronic 84% TOC 
870 1986Puget Sound AET-amphipd . 
941 f 1373 Commencement Bay highly toxic-amph~pod . 
960 1988 Puget Sound AET-amphipod 
lboo 1986 Puget Sound AET-oyskr # 

IMM 1986Puget Sound AET-MicmtoxrM 1 

1804 f2098 Baltimore Harbor most Lcx~c--hsh * 
2240 EP marine acute @4% TOC . 
* 46 concentrations used to determine ER-L and ER-M valucs 



Table 8-11. Sedlment effcrtr data available for PCBs amnged in mcending order 
with remarks ngcudiy usc of the concmtratlonr to determine EX-L and BR-M 
vducs. 

Concentratla ((pp'u) Biological Teat 
-

Trinity River significant mortali 
Trinity River low mortality-Dap?--Daphninnia 
Miesiesippi PJver 55% survival-midges 
MIesissippi River 25% survival-mayfly 
Massachusetts Bay high species rlchncas 
SLC freshwater 
Massachusetts Bay moderate species richness 
Maaaachusotts Bay low speck+ richr1efls 
Kishwaukee River highest @ p i e srichness 
Missts8igpi River high survival-mayfly 
Mississippi River YO% survival-midges 
Southern California high echinoderm abundance 
San Diego Bay high survival-various 
Snn Diego Bay high suwival-various 
San Frandsco least toxicbivalve 
Commencement Bay least toxic-oyster 
S ~ ~ t h e r n\2alifornia moderate echinodenn abundance 
DuPage River highest species richness 
SLC marine 
Commencement Bay highly toxic-amphipod 
SLC marine 
Georgetown benthlc community 
ER-L 
San Francisco Bay AET-bivalve 
Southern California moderate arthropod abundance 
Mississippi Rtver high survival 
Commcr~cementBay least toxic-amphipod 
Southern California high arthropod abundance 
Southern California moderate abundance 
San Francisco Bay least toxic-amphipod
Puget Sound nontoxic-amphipod
San Prandsco Bay Mad minimum bioeffects 
San Francisco Bay not toxic-amphipod 
5an Frandsco Bay signif~cantlytoxic-bivalve 
Ushwaukce Rlver least spedes richness 
1986 Puget &und AFT-MimtoxrM 
PSDDA weenin level 
Commencement %ay moderately toxic-oyster
Sari Francisco Bay significantly toxic-am h~pod 
Sen Francisco Bay moderatel toxic-am kpod 
San Frandsco Bay hiad sigrYficant bioe fects. 
Southern California Sow abundance 

P 
San Francisco Bay highly toxic-btvalve 
San Francisco Bay moderately toxic-~blvalve 
San Francisco Bay highly toxic-amphipod 
Waukegan Harbor least toxic-MicrotoxTM 
Baltimore Harbor least toxic-fish 
DuPage River least species richness 
San Francisco not toxic--bivalve 
Southern California high species richness 

Remarks 

No gradient 
No effect 
No mrrordance 
No concordance 
No effect* 
No gradient 
No gradient 
Yo effwt 
No effect 
No effect 
No effect 
No effect 
No effect 
No effect 
No effect 
Small gradient 
No effect* 
No concordance 

No effect 
10 percentile 
(I 

No cowordance 
No effect 
No effect 
No effect 
No concordance 
No effect 
No effect* 
No cffect 
No* concordance 

* 
No effect 

* 
* 
# 

No concordance 
No gradient* 
No vadient 
No effect 
No effect* 
No effect 
No effect 



Table B.11. (continued) 

Concentration (ppb) Biological Test 

251 f 556 Commencement Bay moderately toxic-amphipod 
259f407 h e e t  Sound moderatelv toxicarn~hiwd 

Sac Francisco Bay ~ ~ ~ ' & n ~ h i ~ o d' 
Southern California significantly toxic--amphipod 
Puget Sound highly toxic-amphipod 
EP chronic marine (hexa-PCB) 
Hudson-Raritan positive growth-nematode 
Cornmenenlent Bay highly toxic-oyster 
ER-M 
Southern California moderate species richnr.~ 
Southern California not toxic-amphipod 
Hudson-Raritan n tive growth-nematode 
1988Puget Sound %-benthic 
Southern California low arthropod abundance 
S~gniflcanttoxicity-Rhcpoxynizcs in mixtures 
1986 Puget Sound AET-oyster 
1986Puget Sound AET-benthic 
Baltimore Harbor most toxic-fish 
Southern California low species richness 
Southern California low echinoderm abundance 
Black Rock Harbor significantly toxic-amphipod 
Southern California high abundance 
1986Puget Sound AET-amphipod 
1988P u w  Sound AET-amphipod 
Lake Union significantly toxic--amphipod 
New York Harbor low mortality-various 
LC50 Rhepoxynius 1W bioassay 
Waukegen Harbor highly toxic-MicrotoxTM 
Wauhgan Harbor moderately toxic-MicrotoxrM 

No cumrdance* 
* 
No comrdnnrr 
Small gradient* 
No effect. 
50 percentile 

No effect* 
* 

. 
* 
t 

* 
I) 

I 

* 
No effect
* 

No effect 

34 concentrations US& :o detennine ER-Land ER-M values 



Table 8-22. Sediment effecls data lvailable for p,pl-DDT urrnged in ascending ordu  
with remarks regarding use of the concenlratlona to determtne ER-L and EX-Mvalues. 

Concentration tppb) Biologicd Test Remarks 

EP 99 percentile chronic marine 
San Francism Ba highly toxic-bivalve 
EP 95 percentile c onic marine 
ER-L 

L 
San Francisco Bay not toxic-amphi 
San Francisco Bay least toxic-amp ipod 
EP chronic safe level @I%TOC 

r 
San Francisco Bay least toxic-bivalve 
5an Francisco Bay moderately toxic-amphipod 
San Francisco Bay not toxic-bivalve 
19% Puget Sound AET-amphi
EM Francisco Bay significant~oxic-bivalve 
1986Pupa Sound Am-oyster 
EP chmnic marine BQ%TOC 
EP chmnic maine @OW TCX 
San Francisco Bay moderntely toxic--bivalve 
ER-M 
San Prancieco Bay significantly toxic-amphipod 
San Francisco Bay AET-bivalve 
San Francisco Bay AET--amphi@ 
I986Puget Sound AET-benthic 
San Francisco Bay highly toxfc-amphipod 
1988Puget Sound AET-benthic 
Overall LC50 R.abronius spiked bioassay @ 1% TOC 
Georgetownbenthic communities 
Palos Vwdes not toxic-amphipod (n=l) 
Pelos Verdrs significantly toxic-amphipod (n=2) 
EI' acute safr level Bl%TOC 
1988 Puget Sound AET-amphipod
EP acute marine 634% TOC 

* 
No concordance. 
10 percentile 
No effect 
No effect. 
No effect 
No gradient 
No effcct* 
Small gradiciit 
No dofinitivovduo* 
I 

50 percentile 
*) 

Poor mnmrdancc 
I 

* 
I )  

* . 
No effect . 
No effect 
Small ealnple aize
* 
No definitive value 

15concentrations used to determine ER-Land ER-M values 



Tnble 8-%a. Scdimcnt effctb daU available for p,pl-DDB arranged in ascending order 
with nmukr mgardhg use of thc conccntratlonsto detumlnc ER-Land ER-M valucr. 

-

Concentration (ppb) Biological Test Remarks 

0.lS Mississippi River 55%suwival-midge No gradient 
0.12M.1 Mississippi River 80 tolo096 survival-midge No effect 
0.13AO.l Miesissipi Riva 90% survival-midge No effect 
<0.2 Mississippi River 25% survival-ma y (n-1) 

a? -
Small sample size 

0.28 Missieeippi River 80 to100% surviv -scud No effect 
O.W.7 San Frandlro Bay least toxicamphipod No effect 
0.7S.7 Sari Frmdaco Bay not toxic-amphiP"j No effect 
0.7&1 San Prancisco Bay least toxic-!iva ve No effect 
1M.5 §an Frandscc Bay highly toxic-bivalve No gradlent 
1.2fl 5an Francisco Bay not tom--bivatve No effect 
1.235 San Frandsco Bay moderately toxic-amphi odP No gradient
1.7k3.4 San Francisco Bay sipificantly tox~c-biva ve No gradient 
2 ER-L 10 percentile 
2.1i4 %n Francisco Bay moderately toxic-bivalve * 
2.2 5an Frandeco Bay ART-bivalve * 
2.254 San Francisco Bay s' ficantly toxic-amphrpod'r * 
2.2 Snn Francisco Ray A T-amphipod I) 

3 . W . 2  San Francisco Bay highly toxic-amphipod
9 1986 Puget SoundAET-benthic I 

15 ER-M 50 percentlle 
15 19% Puget S o d  AET-amphipod . 
27 BP 99 percentile chronic marine 81%TOG * 
<$O Geor own benthic communities

i? 
No effect 

60 EP 9 percentile chronic marine 691% TOC 
337M153 Palos V e r d r ~not toxic-amphipod No effect 
5157*1065 Palos Verdes significantly toxlc--amphtpod I) 

5157i1065 Pal08 Verdes major benthic degradation . 
7000 EP safe acute @l%TOC * 
28MM EP acute marine @4% TOC * 

* 13mncentrations used to determine ER-Land ER-Mvalues. 





TabfeI l 4 .  Sediment effects data r d b l c  for p,p1p'-DUDarranged inmcendlng ordm 
with runu*lrogdkrg use of Ule concentratlona to detumine ER-Land KR-M values. 

Concentration (ppb) BiologicaI Test Remarks 

5an Frand#cc! Yfey moderately toxic-amphipod No gradient 
%n Fruncisco Bay srpnificantl~toxic-amvhiwd No madint. - . .
EB.L 
San Francisco Bay highly toxic-bivalve 
San Prancism Bay least toxic-amphi
San Frandacu Bay hi hly toxic-amp ipod 
1986Puget Sound AF# -benthic 

K"d 
F m d m  8av not toxicam~himd 

10 ~ e r ~ e n t l l e  
No mncordance 
No effect 
NoII gradient 

6 EP 99 percentile h n r c  marine ' . 
10f 7.4 San Pruncisco Bay least toxic-bivdve No effat 
12.5 f 85 San Francisco Bay not toxic-bivalve No effect 
133f21 San Francisco Bay si ificantly tom--btvalve Small gradient 
16 San Prandvco Bay &-bivalve No gradient 
16 San Frsndsco Ba AET-a hipod2 3 No gradient
16 1 ~ P u g e t 5 o u nAFT-ben is I 

16.1 * 23.2 Sen FrancIgco Bay nroderatcly toxic-btvolve Small gradlent 
20 ER-M 50 pcrcentllt 
22 EP 95 percentile chronic marlne . 
43 1% PUgFt Sound AET-cmphipd 

Georgetown h t h t c  communities Nu effect 
3241:387 Palos Verdes not sigtdficantly todc-amphtptxl NCIeffect 
1090.7f573 PaIos V d e s  signhcantly toxic-amphipad Small sample size 
3250 EP acute safe level @I% T K  . 
13MM EP acute marine 6% TOC 

7 concentrations used to detennlne ER-Land ER-Mvalum 



Tabit B-16. ~cdkncnteffectsbrhnvaihble for tot81.lT m q e d  ln rstendlng orda 
with rcrmrts mpniing uae of the concentrations to determine ER-L and ER-Mvplurs. 

Biological Test 

EP saltwater chronic, assuming 1% TOC 
Freshwater SLC,assuming 1%TO&' 
ER-L 
EP saltwater chronic, assuming 1%TDC 
PSDDA nxmming level 
Trinity Rlver low mortality-Daphnia 
Interim EP saltwater criteria, assuming 1%TOC 
DuPa 
Lcthafe Rlver highest taxa richness 

thrttshold-clrangon bioassey 
Southern California not toxic-amphipod 

(excludesPalos Verdee sample) 
97-h LC50 Crcrngon spiked bioassay 
Tridtr Rlver significant mortality-Daphnia 
Calcu ated EP threshold for fmhwater 
Southern C'alllornia high echinoderm abundance 
Southern Califomin significnntly toxic--amphipnd 
Southern Cnlffornia moderatc echnodcrm abundance 
Soulhem California high arttirolxK1 abundancc 
Southern California moderote rotnl nbmldmee 
n u P a p  fllvcr 1 ~ ~ 8 1taxa rtchnm 
Southern CLoll(ornia moderaw species nchncss 
ER-M 
Southern Caljfornia modcrate arthropod ahunmnw 
Saltwater SLC, aasuming 1%T U  
%Itwater SLC, asoumlng 1% TOC 
Southern Caiifomra not tmic-nm h ~ p d  

(tncludco Palos Vcrdrr snntpleP 
Southcrn Califomin low totnl nhundnncc, 
Southurn Calilo:n~a high spcci% ricli~wht~ 
OvcraIl LC50 for Rhq~o.rynrus bionslmy 
LS50H. a z t ~ ~ ab~oassayQ, 3% ' TOC 
Southern California low arttiropnd nhurrdnncc 
5uuthern Cnlifornin low ~px~cclcrr, richnctw 
No dcaths N. rdrens spiked hic~assay 
Iioulhcrn California low lthrnodcrm abundancc* 

H uztan bioaswiry biO 7.2% TOC 
Southern Calllornra h:gh ttrhii abutrdancc 
I.CS0 H azfem hrtras~y@ 10.5% 'I= 
I-D50 crickel nymph b~oassny 

1 1 ~ ~ 410 dctcrmlnc ER-Lar.d EX-M values: 

20 percentile * 
No effect 
No effect* 
No effect* 
No effwt 

* 
* . 
No effect 

Ntr w n w r d a ~  

* 
No effect 
No concardom * 
No mnmrdnnw 

*50 pcrcentilc . 
* 
No cffcct 

No mnmniancc 
No. effect 

" 
* 

No cffcct* 



Table 3d6. Sladtment effects data #waitable forCZR,ORDAMHmangcdSn u w s t d h  
order with nmulu ~ p r d l n guse af the concentrationo to determine 'BR-L and ER-M 
vaiues. 

Concentmtionr (ppb) BiolagicPl Test Remukn 

ND San Randsco Bay moderately toxicam hipod 
ND San Francisco Bay least toxic-amphipo
NU 

B 
h n  Prandeco Bay highly toxic-bivalve 

0.3 99 percentile chronic marhe 
0.5 f1 a n  Francisco Bay least toxic-bivalve 
0.5 IJR-L 
0.6 J3P95 percentilechronic marine 
1f 1.4 San Frandsc~Bay riot toxic-amphipod 
1kl .4  San Prandsco Bay not toxic-bivalve 
1.7 f2.3 Trinity River not toxtc-Daphnia 
2 Sari Rancisco Bay AEZ-bivalve 
2 San Randaco Bav AET-amuhiuod 

No conwrdance 
No RtIect 
Nocorn-
4 

No efkct 
10 percentile* 
No effect 
No effect 
No effect 
Poor mncordans 
v 

3.5 f 6.3 Sari F r ~ d s c o&I? elgnifica~tly'toxlc-amphipod . 
3.5 f6.3 Sen Francisco Bay significantly toxlc-bivalve . 
4.1 f 6.6 San Frandeco Bav modcratclv toxlc-blvalve, . 
6 BX-M SO percentile
6.4 f7.5 hFrancisco Bay highly toxicamphipod * 
8.3 3:4.3 DuPage Rlver most benthic tam No effect 
17.4 EP lethal thnrshold freshwater ? 

25 f 223 DuPage River least benthic tam 1 

31.3 f 29.4 Mnity River st Picantly toxic-DaphninP * 
4 0  Georgetownben hiccomntunltios No effect 
120 LC50Crangon bioassay * 
BBOO LC50N.viren8 bioassay t 

* 12conmntratlons used to determine ER-Land ER-M values 



i.. 
v.. 

-?$Ŵ1$. SWBWI~~&ctr  dm rvritrblr fmII%PRIN. r r ~ y c ( lla,wndtg.&s u r l ~
w l t h ' ~ ~ W l t sqgard- ueaf the con#nt.tatlono to determine &=L md .m+M'lrdu~. 

ErmmWatlonr Ippb) Blologlcd Teat-
IUD San Rnncko Bay highly toxic-bivalve 
0,01 EP 99pmenffle chmnic marine 
om m-L 
0.02 EP95pmenlile chronic marlne 
0.21 Frcmhw.ter SLC@I%MC 
4.1 LC50Q.n%M\~pikedbioway
4.9 f2.1 Klshw.ukee River most b e d c  tam 
4.4 f2.3 San Frandeco Bay moderately toxle-am hipod
5.2 i 1.2 an ~ e c ob y  leset toxicamphipodP
5 2  f 1.2 San PrmdmBay least toxic-bivalve 
5.6 f2.2 W a g e  River most h \ M c  tur 
6.2 f 0.6 San Frandsco Bay not towtwnphipod
6.2 *0'6 San F r m a  Bay not toxic-blvalve 
6,6 San Fmdsm Bay AET-bivalve 
6.6 San Francleco Bay AET-amphi
7.4i4.8 Uabwaukee River leaet bent c tan 
7.6 f75 

P 
Sun F~A~*MSPOBay elgnlfleantl toxic-amphipod

7.6 f75 San hMctwx) Bay elgnitlcan y toxic-bivalve 
S EX-M 

B 
8 3  f8.1 Sm Francleco Bay moderately toxic-blvalve 
10.3 *9.6 San Pmldm thy hlghly toxicamphipod
11.9 EP lethal fw~hwaterthreshold 
16 f 12.1 DuPage River least knthic tw 
25.5 f 33.2 Trinity River 8ignincantly toxic-Daphnfa 
255 f fd.1 Trlnity River not toxic-Daphnfa 
c50 Ceolrptowndia sal dte benthlc communities 
57.7 BP interim ma& alterla 
199 EP interim freshwater alterla 
13000 LCSO N n d s  splked bioamy 

No gradient 

10 pcrccnitle 

I

* 
No effect 
No comniam 
No effect 
No effect 
No effect 
No effect 
No effect 
0 

* 
* 
Small gradient 
Small gradlent 
!M pcrccntile* 
s 
?

* 
No gradlent
No effect 
No effect 
I 

* 
* 

* 14 concentrationsused to determine ER-Land ER-M values 





Table 8-19. Sediment e f f e d  data avdlable for ACBNAPHTHENE ~ r r ~ g e din ucendlng
orda with remarks repding urc of the concenlratlo~to detenniLec HB-L and BR-M 
v.l\les. 

1.814 San Frandaco Bay least tonic-bivalve 
3f 5.2 San Frandeco Bay not toxic-bivalve 
3.3 f5.9 Sen Frandeco Bay moderately toxlc-bivalve 
4 Southern CPlifornh hi y toxic-amphi 
5.4 f 12.1 San Frandsco Bay 2eretely toxto-ampK"ipod 
5.9 f 16.8 San Prandsco Bay significantly todc-amphipod
7 Southern California not toxicamphi 
7.6 f 21.6 

San Francisco Bay '8T-bivalve 
K"1Sen Francisco Bay hI y tonic-amp lpod 

9 
9.4f 17.9 Sen Prandsco Bay dgnificanUy toxic-bivalve 
9.8f 15.9 San 7randsco Bay least toxlc-amphipod 
11.8f 16.8 San Francisco Bay not toxic--amphipod 
30 Black Rock Harbor highly toxic--amphlpod 
48f 184 Sen Francisco Bay highly toxic-bivalve 
56 San FrancLeco Bay AET-amphtpod
56.7 *70 Comnencement Bay least toxlc-oyster 
86f97 Commencement Bay least toxlc-amphipod 
118.6f 105 Commnrement Bay moderately toxlc-oyatcr 
127f 117 Cammencement Bay moderately toxic-amphipod 
160 ER-L 
150 Prediaed LC50 amphl d bloaasay-we Harbor 
306 f604 Cornme-nt 
500 1986F'uget 
SOD 1986&get Sound AET-benthlc 
500 1986PugetSound AJZ-Mlcmtoxw 
630 1986rugetSound AET--amphipod 
650 ER-M 
654 f 1049 Commencement Ba hi hly toxic-amphtpod
730 1988h[ptSound &~-&nthic 
2000 1988Pu Sound AET-amphipd
5599i24392 Eagle rbor least torlc-amphipod 
6522 f8915 

I-!? 
Begle Harbor moderately tonic--amphi d 

7330 EP freshwater lnterlm criterla @I% 
16500 EP chronic marine level @I % TOC 

-RE 
230M) EP acute marine level @I%TOC 
39557f 48678 Eagle Harbor hlghly toxic-amphipod 
6MX)O EP chronlc marlne @4% TOC 

*I5wnmtrations used to determine ER-L and ER-Mvalues. 

No effect 
No effect 
Small gradient 
No mncordancc 
No mllc0W 
No concordance 
No effect 
No concordance 
Small gradient 
Small gradient
No effect 
No effect 
Small gradlent 
Small gradient
No concordance 
No effect 
No effect* 
Smnll gradient 
10 percentile. 
* . 
* . 
50 percentile
* 
* 
* 
No cffect 
Small gradient 
0 



Table %20 Sediment effcctr data av.ilrble forANTHRACKME arruyled In ucendlng
order Wth mnuh rryldlng use of the concentration8 to deknnine HR-L and ER-M 
vducr. 

ConctntrrUom (ppbf Biological Test Remarks 

16A t 73 San Frandsco Bay leaat toxicbivalve No effect 
24 San Ptanciaco Bay AET-bivalve . 
34.3 f 41.2 San Frandsco Bay not toxic-bivalve No effect 
35.9 Southern California not toxic-amphipod No effect 
63k 72 San Yrandsco Ba moderately toxic-am hipod

r i  
No wmdance 

70 Predicted LC50 gle Iiarbor-amphipof I)-
85 

- .
ER-L 10 percentile

85.3 f 119.3 San Franclw Bay moderately toxic-blvalve e 
110f257 San Francisco Bay least toxic--amphipod No effect 
119.8 f276.7 San Frandaco Bay significantly toxic-amphipod No gradient
120.2 f269.2 San Prandeco Bay not toxic-amphipod No effect 
1~ PSDDAweening level No effect 
147.8 f 148 Commencernt b y  least toxic-oyster
163 Saltwater SLC 61% MC 

G n  Franclaco Bay si$ftcantly toxic-bivalve 
99 permtile chronic marlne (81% Ta: 
Southern 

San Frandsfo Bay
Carnmcncemcnt Bay 
CommenC(?mentBay
Co-wment Bs hlghly toxic-oysterr95 percentile chron c marine 01%'NX 
Commencement Bey hi ly toxic--em Wpod
San Francisco Bay hi 8:y toxic--biva ve 
1986h g e t  Sound Ank--oyster 

P 
BR-M 
1986 Fuget Sound AET-MicrotoxTu 
San Francleco Bay AET-amphipod
Eagle Harbor moderntely toxic-amphipod
1986PU etSound AET-benthic 
Ba le I! arbor least toxic-amphipod
199k h p t  Sound AET-amphipod 
1988 Pu Sound AFT-benthic 
28-d L82.5% Elizibeth Rivcr--spot
Ba le Harbor hi hl toxic-amphipod

83 td19 Puget Soun T-am hipod
EP chronlc marine QP4k'I& 
Lake Union highly toxic-amphipod
24-h LC50 58% Elhbeth River-spot
LClOO 1M)% Elizabeth River--spot 

No effect 
0 

* .. 
No effect* 
Small gradient . 
* 
8 

* 
50 percentile* 

No comrdance* 
No effect 

--

9 6  conmtrsHons used to determine ER-L and ER-M values. 



Table B.Z¶ Sediment dfcrb drw available for BBmO(AIANTHXACXNB arranged ln 
u o a r d ~anluwlth rcmrrka mprdfiy ure of the concentration6 to dctennine Ell-L 
md HR-M vrluea. 

Concen(ratbar (ppb) Biological Test 

40.7f20 San Frandsco Bay not toxic-bivalve 
56.4 f 25.7 San Francisco Bay least todc-bivalve 
596f 129 Southern California not todc-amphipod 
60 San Frand~coBa AET-bivalve 
60 ~ i c t e d~ ~ 5 0d @ e  ~srb~r-amphipod 
122.1 f 1259 San Fmndeco Bay moderately toxic-bivalve 
167.7 f 3242 Sun Prancieco Bay least toxlc-amphipod 
187f156.2 Frandseo Bay mbderntely todc-amphipod 
187.2f359.2 San Prandsco Bay not toxicamphipod
230 ER-L 
232 f 336.8 San Prandwo Ba significantly toxic-bivalve 
234.7 f 246.0 Commencement y least toxic-oyster 
236.3f 3132 San Pranclaco Bay significantly toxic-amphipod 
261 Saltwater SLC @I% TOC 
300f 398.3 San Prancleco Bay hi y toxic-amphipod 
310f 179.8 Southern California s IHcantly toxic--amphipod 
450 

%a FPSDDA rreenin leve 
475.6f437.1 Commenmsnt y leasf toric-amphipod 
520 jZQ 523.1 Commencement Bay moderately toxic-amphipod
5486 f3&4 Co-t Bay moderately toxic-oyster
801 kW.2 C o m m e m n t  Bay highly toxlwyater 
919.3f 432.7 
931f1322.8 
llao 
1300 
1600 
ldoo ER-M 
1600 1986Puget %und AET-oyeter 
1603 

Ep 99 gWwnlile chronic marlne b1%TOC 
220 Colum b Rlver mkutmum-am hipod 
24% f 4157 Ea le Harbar least todcam fipod 
4XK) I& PSI@ SoundAET-bent& 
5100 1986hget Sound ABT-amphipod 
510 1988Pu t Sound AET-benthlc 
7370f 9904 Eagle I- rbor moderately toxic-amphipod 
8750 

/?
284  LC50 2.5% Eilzabeth River-spot 

loo00 Spiked bioassay with mixture-amphipod
11088f 8941 Eagle Harbor hI@y toxic-amphipod 
13200 EP b h w a t e r  Interim crlterla 8 1% TOC 
2 1 W  EP 95 percentile chronic marine 8 1% TOC 
5500 EP acute safe level @ 1%TOC 
1M000 Leke Unlon highly toxic-amphipod 
1960M) 24-h LC50 56% Elizabeth River-apot 
22OWO EP acute marine @ 4% TOC 
3SM00 LC100 100% Elizabeth River-spot 

No effect 
No effect 
No effect 
0 

* 
* 
No effect 
Small gradient
No effect 
10 percmtlle* 
No effect 
Small gradient 

I) 

I) 

No effect 
No effect 
Small6 gradient 

* 
No effect 
No effect 
I 

6 

* 
* 
Y 

C 

* 
0 

* 
* . 
* 
* 

* 30 concentrationsused to deknnine ER-Land ER-M values. 



'Wbil@@'pr,'pr&:atenrzit~.r&eb.da*,.a%#il&blc.forW z w & p ~ mMineed in 
W!~&?@J.order WI* nmhncg.rding use of the .concentrations lo determine BR-E
:&d>a&., . . . .  *&lea. 

OoncenWom Ippb) BioIogic~ITent 

10 
at96 
la9.r).s (51 
2ro *237 
329f305 
396 Marine SLC @I% 
397 Marine SLC el%TGl 
400 *4 7  San Prandsco Eay least toxic-amphipod
Ulo BRaL 
4M *4!28 San Prandsco Bay moderately toxic-bivalve 
423t165 San Frandaco Bay not toxic-amphipad 
429f ME San Prandsm Bay significantly 
432k344 San Frandsco Bay moderately 
465fd7l  san P e a n d w  tiay
08f484 SaFl Prandsco Bay highly toxic-amphipod
509&356 Southern California aignificantly toxicemphipod
596f 593 Commencement Bey least toxicamphipod
680 FSDDA screenin level 
684 & 464 Commencement%ay moderately toxlc-oyster
890t1322 Comrnenoement Bay modcralely tolcic-amphipod
1091t 3W San Frandsco Bay highly toxic-bivalve 
1192 f 1643 Commencement Bay highly toxlc-amphipod
1261 * 16ZO Commeaccment Bay highly toxic-oyster 
la00 San Prnnclsoo flay AET-amphlpod 
1MX) 1986Puget hund  AET-oyster
1MX) 1986Puget kund AET-Microtox~ 
1800 Sen Prandseo Bay AET-bivalve 
19'59* It93 Ea e Harbor least toxic-amphipod
2400 Sound ABT-amphipod 
2442 Elizabeth Rlver-spot
2500 BR-M 
3M)O 1988Pu et Saund AET-amphipod
3485f2475 Eagle &rbor3hl toxic-amphipod
360 1988PugctSo T-benthic 
4100kMW Significantly toxic mhturce-amphipod
5335k6488 Eagle Harbor moderately toxic-amphipod 
6800 1986Pugot Sound AET-benthic 
10630 EP interim freshwater crlterla @ 1% TOC 
1 8 m  99 permtlle chronic marlne @1%TOC 
450W 95 rcenblle chronic marine @I% X)C
55160 L 0 56% Bllzabeth Rlver-spot 
98500 

cr 
LC100 100%Elizabeth River-spot 

220000 Lake Union highly toxic-amphipod 
450MX) EP acute aafe level 
1800[XX) EP chronic marine@ 4% TOC 

Smell gradient
No effect 
Na Effect 
No effect 
No effect 
0 

No effect 
10 pcrcenttle* 
No effect 
No adient 
S I gradlent*m . r  
Small gradient* 
No effect 
No effect* 

* 

* 

* 
t 

Not definitive 
No effect 
4 

No concordance 
t, 

9 8  concentrationsused to detennlne ER-Land ER-Mvalues. 
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Table 042% Sediment effeetr data avrllable for CHRYSBNB a m w e d  in a8ctndhg order 
with remarks rcguding uae of the concen&atlo~to detamlne HR-L and BR-M values. 

Conwnt ra t io~(ppb) BiologicaI Teat 

80 Eagle Harbr predicted LCSO-amphipod
82 f37 San Prancim Bay least toxic-bivalve 
127i 226 Snuthem CaUfornia not to&-am 
198 f276 San FMndsco Ba not toxic-blva ve 
W f W  Commencement &iy least todc-oyster 
368f466 San Prandw Bay moderately toxic-bivalve 
378 f 549 San P r a n d s ~ ~Bay least toxic-amphipod 
384 Marine SLC 131%TM3 
400 ER-L 
405 f571 %n Frandw Bay not toxic-amphlpod 
413 f385 San Francisco Bay modwiltcly toxicamphipod 
423 f 512 San Frandsco Bay significantly bxic-amphipod 
500 f671 San Francisco Bay significantly toxic-bivalve 
517 f729 toxic-amphipod 
524 f 284 Southern ficantly toxic--emphipod
670 
748 f773 toxic-amnhiwd 
821 r 732 Commpn~pmentI l a i  moderately tohc-&mphlpod 
9UZ f 691 Commencement Bey moderately toxic-oyster 
1200 99 wrcentlle chronic marine %I% TOC 

~ o k r r e m e n tBay highly toxic-oyster
Commencement Bay h hly toxicnmphipod
1966Puget Sound AET-%Icmtox~ 
San Rmcla~,Bay Nfly toxlc-bivalve 
San Frandm Bay AET-bivalve 
San Frnndsco Ba AET -am hlpod 

U d '  R1986PugetSo AET-amp ipod
1966Puget Sound ABT-oyster
ER-M 
Ea le Harbor least toxic-amphlpod
Cofumbia River bbasaay-amphipod
95 percumtile chronic marine %1%TOC 
1966 Pu Sound AET-bcnthlc 
LC50 2.$"% Elizakth River-spot
1988Puget SoundAET-amphipod 
1988Pu t Sound AET-benthic 
Eagle &'rbor moderately toxlc-amphipod
Eagle Harbor highly toxic-amphipod 
EP acute aafe level 
Lake Union signtHcant\y toxlc-amphipod 
LC50 56% BUzabeth River-spot
LC100 100%Elizebeth River-spot
EP chronic marine @4%TOC 

Remarks 

No effect 
No effect 
No effect 
No effect* 
No effect 

10 percentUc 
No effect 
Small gradient
Small p d i e n t* 
Small gradient* 
No effect 
No effect 
Small gradlent 

* 
8 ,  

* . 
a 
* 
* 
* 

SO pcrcenti\t
No effect 
No effect* 

* 27 concentrationsused to determine ER-L and ER-M values. 



Tabfc B-U. Sediment effrcb data available for DIBBNZ(&WANTliRACWIB mulged 
in ascending ordu with nmarb ngudlng use of the conccntratltluns to determine EKdL 
UL\d E&M values. 

Conecn t r r t lo~(ppb) Biologhlll Test Remarks 

$an Prandeco Bay least toxlc-bivalve 
San Frendsco Bay not toxic-bivalve 
Southern CaUfornla not toxic-amphipod
San Prandsea Bay moderately toxlc-bivaive 
Snn Frandsco Bay moderately toxic-amphipod
Commencement Bey leaat toxlc-bivalve 
San Francisco Bay aignlficantly toxic--amphipod
San Pradsco Bay least toxic-amphipod
ER-L 
San Prandeto Bay not toxlc-amphipod
San Framlw Bay eignlficantly toxic-bivalve 

SPU( Prnndeto 
Commencement 

BR-M 
S8n Francisco Ba AET--bivalve 
Cammancement i ay highly toxic-bivalve 
9an Randsco Bay AET-amphipod 
Eagle Hivbor least toxlc-amphi
Ea ie Harbor hi hl toxic-amp ipod& tdi R" 
19 PugetSoun T-amphipod
Eagle Harbor moderately toxlc-amphipod 
1966 hget Sound m-benthic 
1986hgetSound AET-benthic 
99 prcentile BP chronlc marlne @ 1% TOC 
95 percentile EP chronic marine FB 1%TOC 
EP acute safe level 

No effect 
No effect 
No effect 
0 

No mnmrdam 
No effect 
No mncodance 
No effect 
10 percentile 
No0 effect 

* 
No gradient 
No effect 
Small gradient* 
No effect* 
' 
* 
1) 

60 percentile 

Poorconmrdancc 
No effect 
Small gradient* 

* 18 concentrationsused to determine ER-Land ER-M valum. 



Talc  &25. Sedlment &cb data available for PLUOIUNlXmx m g e d  in ucendhg
ordu with remark# regording use of the concentra11ona to detumlnc BR;L and ER-M value^. 

Conccntcatlo~(ppb) Biofogical Teat Remark8 

98 Palon Vales not to&-amphigod 
136f107 San FrPndaco Bay least toxic- ivalve 
153t907 Southern CaUfomla not toxic-ampbl
193 Palos Verdea 81 illeantly mxic-amp pod 
382f617 Snn Prmdaco $Py not toxic-bivalve 

r 
382f 241 Southern California sl LAcantly toxic-amphlpod
492 Marine 6LCB 1% ~d? 
451 f 562 San P m d m  Ba moderately toxic-bivalve 
489f82 Commencement y lmnt toxic-oyster 
509 f481 

L 
San Ftandsco Bay moderately toxic-nmphlpod 

539 k 842 fun Francisco Boy least toxic-pm hipod
5nfss0 San Frandsco Bay not t o x ~ c - a m ~ ~ ~ o d  
584 k769 San Francisco Bay slgnillcmtly toxic-amphipod
600 ER-L 
ML, Predicted LC50 Ba le Harbor-amphipod
530 PSDDA rmerdng feve1 
644 Marlne SU" 8 1% TOC 
682 iI043 San F randm Bey slgnlficantly toxic-bivalve 
794 k 1210 Ssn Frnnclsco Bay hig'tly toxic-amphipod 
923 1865 Commenmment Bay least toxlc-amphipod 
925f864 Commenmmcnt Bay moderately toxic-amphlpod 
10116 226.55 Commencement Bay moderately toxic-oystor 
Id00 B pcrcenlilc EP chmnlc marine 8 1%TOC 
1655t2029 Commencement b y  highly toxlc-oystcr 
17M) 1986 Pugat Sound Am-MlcmtoxN 
UXX) Sen Francism Ba AET-bivalve 
2100 Columbia RLvcr tioamay-+%phipod 
2364k 3330 Commencement Bay hlghly toxlc-amphipod 
WX)  1986Puget Sound A h y s t e r  
2737f1617 San Francism Bay hlghly toxic-blvalw 
31CO 95 rcentile EP chronic marine @ 1%TOC 
3,3~73 L& spfked bloassays O 0.2%TOC-amphipod
3600 ER-M 
3600 EP chmnlc safe level 
>37W San Frandsm Ba AFI'-mphipod 
3900 196 Pu ~ o u n d ~ ~ ~ - c m ~ h i p o d  
4200 LCSO spEdbioassaymm N 
62OU LC50 spllied bloanne r O 0. % OC-amphi* 
63W 

l t;pd
1986 Puget Sound Ab-bnthic  

M9Sf 10337 Esgie Harbor maderatoly toxic-amphipod
Wao EP acute mk level 
la400 LC50s Ured bioasssp IP 03% TOC-nmpNpod
12080*518619 Eagle & r b r  least toxic-nrnphipod 
15000 Mixtura, splkod bioassays-amphipod
18800 EP interim freshwater criteria B 1% TOC 
24000 1988 Punet Sound AFT-benthic 

1968P u s  Sound AFF-am hipod
EP acute m h e  o 4% TOP 
LC5025% EUzabah R ive rap t
En le HIvbor highly toxic-amphipod 
&56% W b e t h  River-spot
lake Unlon sl nlficantly toxic-amphipod&,U3500100%E beth River--spot 

No e m  
N6 cdkL? 
No ehct 
Small rumple slze 
No effect 

* . 
No eNea 
No gradient 
No effea 
No effect 
Small gradient 
10 pereantile. 
No effect* 

Small e~rpdlent
No effect 
No gradient . .
" 
No cfkn 
I 

* 
0

* . 
50 percentile 

Not dcfinlHve 

" 

I 

No concordance 
I 

-
* 33 concenhations used to determine ER-Land ER-M values. 



Table 8-26. Sedlmmt eftc*r data available for PLUORBNB urpngcd in aaceardlng mdu 
with remarks repaMg use of the coneentratlonr to determine ER-Land ER-Mvaluer. 

Sen Francisco Bay least toxic-bivalve 
San Prfmdm Bay not tdc-amphipod
San Franciarx, b y  AET-bivalve 
San PrPnOisco Bay not toxic-bivalve 
!hn Franeisoo Bay moderately toxic-bivalve 
San Fmcilro Bay signthcantly toxic-am h i p dRSan R a n d m  Bay moderately toxtcamp tpod 
%inRands00 Bay hlghly toxic-amphtpod
AR-L---- -
San Francism Bay significantly toxic--bivalve 
5an Randsm Bay least toxic-amphipd
SM Frandaco Bay mt toxic-amphipod 
99 tile EP chronicmarine @ 1%TOC 

level 
Commencement%y least toxic-oyster
Black Rock Harbor ~i Hcant toxicamphipod
M h $LC (Dl% & 
Commencement Bay leaet lodc-amphipod
Commencement %v modcratelv toxic-ovafir 
Commancemt Baimoderate& to~ic-@pod
95 pmentlle BP c.hionlc marine (P 1% 
San Francism Bay hi y toxic-bivalve 
Ecigle Harbor modera I toxic-amphipod

p%50-amphlpodEsgle Harbor predicted
San FrandeM Ba AET-smphlpod 
C o m m m e n t  iky highly toxicdystcr 
1986Pugat Sound AJiT-amphipod 
1% Puget 5ound AET-oyster 
1986Pugst Sound AET-Mfaoto~~~ 
ER-M 
1966Puget Sound AET-benthic 
Commencanent Bay hi y toxic--amphipod 
1988Pu %und AET-gthlc
Eagle l-c!bor least toxic-amphipod 
1988 Puget Sound AET-amphipod 
EP acute wfe level 
LC30 2.5% Eltzebeth River-spot 
Eagle Harbor highly toxic-amphipod 
EP chronic marine B 4% TCX: 
take Union significantly toxic--emphipod 
Winter flounder liver-MPO 
Winter flounder liver-somatic condition 
Winter flounder kidney-MPO 
LC50 56%Elizabeth River-spot
LclOO 1W%EHzabeth River-spot 

No effect 
No effect* 
No effect* 
No comrdmm 
No c o d a .  
No gradient 
l0 pescentile. 
No effect 
No effect* 
No effect 
No effect. 
t4 

No cffcct. 
Emall gradient" 

.. 
No effect 

* 
* 
* 
* 

. 
!? 

* 
* 

28 concentrations usod to determine ER-L and ER-M values. 



Table 8-27. Stdtmmt effects data avdabie for 2-bmTHYWAPEfIlQALHNBmuy!ed in 
mcendhg order wlth remarks xegiuding use of the concentrations to determine HR-L u \ c  
ER-M values. 

Concmtretiona (ppb) Biological Test Remarks 

16133 Southern California not toxic-amphipod No effect 
20k7 San Frandsca Bay least toxic-bivalve No effect 
2414 San Francisco Bay not toxic-bivalve Nc)effect 
26 i 23 San RIndsco Bay moderatel toxic-bivalve Small gradient

San Francisco Bay AET-biv&e L. 

31 k 33 San Francisco Bay significantly toxic-amnphipod No comrdonrc 
32 f:41 San Francisco Bay highly toxic-amphipod No gradient 
34 f 27 San Francim Bay moderately toxic-an$ipod No gradient 
34 f:33 San Francisco Bay last toxic-amphi No effect 
35 t36 San Francisco Bay significantly toxic-bivalve Small gradient 
39 * 35 San Ffandsco Day not toxic-amphipod No effect 

10 percenHle 

. 
Not dcflnitivc 
No effect 
No effect 

1YShPuget Sound AET-amphipod 
670 1965Puget Sound AET-oysLer 

1986 Puget Sound AET-benthic 
Sound AET-MicmtoxTM 

* 

* 

---
*I5 mnmntrations used to dckrmine ER-L and ER-Mvelum. 



Table 8-28. Sedimmt effects data d l a b l e  for NAPHTHALENK -gsd in sscendhg 
odes with rmub regarding use of the concctntrakions to determine Bfl-L and BR-M 
valuer. 

Concontrrtions (ppb) Biological Test Runarka 

Black Rock Harbor propned highly toxic-amphipod 
Sauthcrn CeUfomin not toxic-amphipod 
Predicted Fagle Harbor-amphipod bioaway LC50 
Punet Sound leest toxic-Miwtox'" E m  
an- Pranciam Bsy moderately toxic-bivdvc 
Sm F n n c i r o  Bay rnodnstdy toxic-emphipod 
Sm Francism Bay 8ignthcantly toxic-amphtpod 
San Francium Bay algnlflwtly torlc-bivalve 
Sari Francisco Bay least t ox ic -am~himd 
San Frandsm lcart rnxic-biv& 
San h n c i a m  Bay highly toxic-ampht 
Son Fr~ndbcoBay not toxic-arnphtpoSod 
Southern Callturnlo nignlt7cantly todc-amphlpod 
San Francism Bay nor todc-bivalve 
San Francism Bay hi hly toxic-bivalvc 
San Francism h y  Ab-bivalve 
Son Frandsco Bay AFT-amphipud 
PSDDA 8r.nming L m l  
&glc Harbor modcmtciy toxic-amphlfmd 
ER-I.-
Pupt Sound moderately toxlc-MlcmtoxwECW 
Commancnncnl lloy icast toxtc-uyetor 
saltwarer SLC 
b g l c  Harbor b a t  toxic-amphipod 
59 prccntilc El' chmnic marinr 81% T0C 
bmmcnncmont Boy least toxtc-am~hs$md 

, -
Commcnccmcnl 0;; moderate& tox~r-arnphlpod 
95 ucrccntilc EP chronic manne 81%TOC 
~ o m m n c o m c n tBay highly toxic-oysler 
h g l c  Harbor highly toxic-amphipod 
Commoncemcnt Bay hlshly tnrir-amphipod 
19% Pugn Sound AlX-amphipod 
19% Pugct Sound A ~ - - ~ y u l c r  
1986 Pup3 Sound Am-bonthic 
1986 Pugw Suund AFT-Mlcmtox~ 
OR-M 
ukl LC50 for s p o t - S %  Elbnbcth River nedimenta 
1988 Pugct Smmd AET-smpltipod 
1988 Pugct Sound A.V-benthic 
hltwatcr SLC 
Pugu Sound highly Ioxic-Microtoxm ECW 
Triniw Kivcr k,i~hr&es richnms 
winter f loundg  spikrd b toi lsuyrhc  attc M i 0  
Wintn flounder a p i M  bloasmya--HR 
Wintcr flounder spiked bioassayz-kidncy M F J  
Trinit River low 5pmcs nchncss 
Lake Lnion htghly toxic-llynlklh
EP acute marinr threshold 84%TOC 
24-h LCSD for spot-56% EluaMh & v n  
LClLM for spot-1OV%Elimbeth Rfvcr 

Small gmdlent 
No eftd 
h h z d i e n t  

No concordance 
No concordance 
No concordance 
No concordancc 
No *Sf& 
No eff-xi 
511.~11 p d l o n t  
No cffcct 

No effect. 
Not definitive 
Not dcfinltivo 
No effect 
No concordance 
10 percsntllc 

No c f f a. . 

W concentrationu used to dctcrminc EX-L and ER-M valucr. 

8-35 



Tlble B-29. Sediment e&cb ata avatlmble for PHBN-iiNB axranged la 
ascending order with mnarke regmdtng use of the concentratlone to determine 
HR-L and ER-Mvaluer. 

Concentntfona (ppb) Blologlcal Test 

6 5 i N  
88 
110 
119f 242 
159f216 
18Bf 197 
199i205 
720i163 
222i136 
224i1133 
2211 
22(1i146 
233fZOs 

240 

242i203 

299 

M) 

297 i263 
3?D 
340 

-368 

4?9 

4% i IM)
478 i367 
sm 

510 
3el 
593*365 
597 f 513 
950 
P OpO

1779*2546 
1380 


San Frandaco Bay least toxic-bivalw 
San Francisco Bay m - b i v a l v e  
99 percentile h n l c  muine @I% TOC 
Southern Cslliornla not toxlc-am idpod 
an ~ r a n d r ob y  not toxic-bidve 
San F m d r o  Bay l a a t  toxic-em 1hlpod 
San Prandaco b y  not todc-amp ipod 
Sen Frandaco Bay slgniflcantly toxic-umphipod 
Southem CaUfomla nlgnlffcantly toxtc-amphipod 
San Frandaco Bny moderately toxic-bivalve 
ER-L 
San Francisco Bay moderately toxic-amphipod 
San Franclsm Bov siunficantlv mxic-bivalve 
95 percentile ch&d?marine b 1%'MX: 
San F d w  Bay highly toxic-runphipod 
Marine SLC (PI%TOC 
Wlntcr floundm liver-MFO induction 
Cornmancement Bay leant toxic-oyster 
PSDDA r m i  
Winter floundor"fiver-somatic mndltionlave' 
Marine 5LC @I%TOC 
Winter floundm kldnev-MPO induction 
San P~anclrcoBay hig<ly mxk-bivaivc 
Commenmmcnt Bav least toxic-amohirrai . .
Mixtures bioassays&nphipcd 
San Frand~mBay AFF-amphipd 
Columbla Rivur bioassoyn-amphlpd 
C o m m m m e n t  Bay moderutaiy toxic-oynta 
Commencement Bay modcratcly toxic-amphlprrd 
Eagle Harbor p d i c t e d  WO-am hipod 
EP marine interim criteria @I% T& 
Commcnmcnt  Bay hlghly toxic-oyskrr 
ER-M 
kP froshwetm rntcrim criteria @ I %  TOC 
1986 Puget Sound AFT-oy8ter 
1986 Pu~etSound Am-MimtoxN 
Eagle &rbor moderately toxic-amphlpod 
Eaglc Harbor least tox ic -amph~p 
Commencement Bay highly tone-amphipod 
1986 Pug* Sound AhT-benthic 
LC50 s p k d  bloasm amphipod 
1986 Puget Sound ~ & - n m ~ h i ~ o d  
1986 Puget Sound AFT-oysan 
1988 Puget Sound Au-umphipod 
EP acute ~ f elevel @I%TOC 

Eagle Harbor highly toxic-amphipod 

EP chmnic marine a%TDC 

LC50 25%&b&h Klva-epot 

LC100 100% Elizabeth River-epat 

Lake Union dgniflcantly toxic-amphpod 

LC50 56%E h b e t h  River-spot 


Remarks 

No effect 
e 
e 

No effsct 
No effset 
No effect 
No cffed 
Small p d i e n t  . 
f 

I0 nrmentlle 
~ m a h  gradient 
SmaU eradiont ". 
SinaU gradient 

. 
No effnct 

No affect 

No mncordancc 
No effect 

9 4  concentrations used to determine ER-L and ER-M valueu. 



Tabla.lEW). Ssdlmcrrtrffccts dat. awdt.bJe for PYRBNB unneet~in auccne&g -order 
with ~ m r t l r rlcgudlng ure of the conecntrariam tode~umincm*Land f(R.M ipdue8, 

Concentrations (ppb9 Blologiciil Tsrt Remarks 

KidneyMFO induddon-wfnter flounder 
Southern California not toxicamphipod
Son Francisco Bay least toxic-bivalve 
Liver MFU indudon-winter flounder 
E(Bg1eHarbor predicted LC50-nmphipcd
BR-L 
Liver somaticcondition-winter flounder 
PSDDA ecffcntn level 
Commencementf&y l w t  todc-oyeter
Marine SLC el%TOC 
Southm CnllfornIa significantly toxtc-amphipd
Mdne SLC @I%TOC 
San Francisco Bay least toxic-am hipod
Sen Prandeco Bay not toxic-blva Pve 
San Prandeco Bay moderately toxic-bivalve 
San RandmBay not toxic-amphipod
San Francisco Bay hi@ toxic-am 
an ~anciscob y  eiJcmtly toxP"'$dc- ivalve 

EP 99 percentile chronic marine 6D 1%TOC 
Commencement Bay m~daratelytoxic-amphlpod
San Frandeco Ba a1 ficantly toxic-am hipod 
Commencement Ly Peast toxicam hipot!
CommencementBay modmtely to3c-oyeter
San Francisco Ba moderately toxicamphipodLCommencement y highly toxic-oyatet
Commencement Bay highly toxicamphipod
EP 95 percentile chronic marine % 1%TOC 
San Francisco Bay highly toxic-bivalve 
BR-M 
Columbla River bioassays-amphi
1986Puget Sound A6T-Microtoxf ,PO“
San Frandsco Bay AET-amphipod 
1986PugetSwnd AET-oyster 
Slsn Prandeco Bay AET-bivalve 
1986PugetS o dAET-amphipod
1986PugetSoundAET-benthic 
EP inkerlm freshwater criteria @ 1% TOC 
1988PugetSoundAET-amphipod 
1988 PU Sound AET-benthic 
LC50 2.r% Elizabeth River-apt
EP acute safe level 
EP chronic marine @ 4% TOC 
Lake Union significantly toxic-amphipod 
LC50 56%Elizabeth River-spot 
LC100 100% Elizabeth River-spot 

* 
No effect 
No effect* 
* 
10 pucentlle 
I) 

No effect 
No effect 

* 
* 
No affect 
No e f k t  

No effect 
Small gradient
Small gradient* 
No conmrdance 
Small gradient
No effect* 
* 

* 
I)

* 
50 percentile 
No effect. 
* 

Not definitive 

9 8  concentrationsused to detemhe ER-L and ER-M values. 



Table &8$, %ralqanta t f a  data .available for total PAH a r .  d h a ~ n n d i n ~o r d a  with > e hS ~ ~ I E . U # ~O* tit* fonp.1lt~10111 to detemw ruzul s~r fa n r d  UI= - d m  
, ': 8 t t worn qurntlfied to detnmine UIr totah. 

Remrfka PAH Reported 

763ff27 P u d  Sound b t  toxic-Minotofl 
810 6Fmdsco Bay ABT-blvalw 
941f429 San Fmnclsw Bay leaat toxic-bldve 
W12 Southern califomla ~t toxic-sm~1\1md 
W7f3816 San FIsndreo Ba not toxic-bldw ' 
2590 predi*ed tc50flb le ~nrbordmphlpod 
3322f4337 San FmcIaw b y  &st toxic-phl
3343 i4039 Francisco b y  modarately toxic2alve 
3527f4520 Sss;Prmclm Ba not toxic-funphlpad 
3705 Commencement y least toxlc-oyuar 
3800 

L 
San Frandsoo Bay hiad minlmum bioefkftr 

W f3927 San FrPndreo Bay slgnIflc~tlytodc-nmphlpod 
3966t3.24 San Frandsco Bay moderately toxtc-amphtpod 
4000 BR-L 
4022f4908 SanFrandm Bay si n i h t l y  to&-bivalve 
4Un 14612 Pug# Sound nonto?fcamphipod 
4227t5025 San Francloco Bay hl~hlytoxlcamphl
6467 Commencement Eay h a t  toxlc-~mpipod 
7627f7065' 

R" 
Puaet Sound moderatelv tox lc -nm~hld  

7&P1 co'mmenwmen\ Bay mberately tbxi&oyster 
8209 Commencement Bay moderately toxk-un hipod 
8363 Southern Wbmia slgntficantly toxlc-amp!i p d  
8550 f 22990 MleslsalpplSound not todc-mysld 
8550 i23000 Mlwlniud Sount l w t  todc-mvsld 

~ o l s a c l i i ~ m rBay hlgh sped& rlchness 
San Frandsa, Bay triad dgnlflcant bloeffects 
Mlsslsalppi Sound least toxlc-amphlpod 

HamDton Roads moderatelv toxlcahrlmo 
cornhencement Bay hlghli toxtc-oyster'
Puget Sound modecate.ly toxic-Mlerotox~ 
San Frandm Bav m - a m v h i d  

16771 Commencement bay highly'tohcamphlpod 
16921f20976 Hamuton Road8 least todc-shrlmp 

Mlssbsl pl Sound not toxic-pmphlpodPLower oiurnbln RLver bloasbeybamphlpod
Hudson-Rarltan least to&-nematode 
Mlsaieslppl Sound eignlflcantlytoxic-am hlpod
Ma~aehuaUt~Bay moderate spedes rl&ness 
Massachusetts Bay low species-rlchnena 
RlI-M 

Mlesiusip ktmd Gghcanlfy toxic'-mysid
&IHudson- tan M N toxic-nematode 

Ml8sLslppl Sound bgkytoxic-am hlpd 
Punot Sound hl~hlytoxic-Mlmto & 
Mlislsslppt Soui'td-moderatelytodc-mysld
Forth Eahrary low melofauna density 

NOe f f e  *v 
No effpa I8 
No effect s. 

13 
No eHea .*

.* 
NO W .e 
No efbt 16. 9 
Small gradlent '* 
Small gndlent ** 
10 pmmtlle. *. 
No effect mopedAed 

$?ccdient  1616 
unepeclfied. 16 

Smdl gradient 16 
18 

No effect unspedfled 
No effect unspRcified 
No effect unspedfled. 18 
NO effect un~pcdned
No effect unspeclnad
No effect unrpedfled

20 
No concordance unspeclfled 

a. 
unspecrtied 

Small,gradient unspedfled
No concordance 16 

l k  
unspedfled 

NotdeAnltives ISn 
16 

NOeffect 16 
No eftect 
No effect 
No effect 
No gradient 

SO percentile
0 16 

unspechfled 
unspedfled 
unspedfled 
unspedfled
unspecified 
unspedfled 





GLOSSARY 


NATIONAL STATUS AND TRHNDS PROGRAM SITES 




Code Gcnerrl Loution Spedic  Location 

AIAC 

A8WJ 

APB 
APDB 
ABHl 
ABLK 
ABOB 
BBSD 
BBTB 
BBMB 
BPBP 
BIBL 
BBSM 
BBPC 
BIB1 
BBBE 
BHDl 
BHDB 
BHHB 
BHBl 
BRFS 
BSBG 
BSSI 
BBRH 
BEAR 
BBGN 
CU3L 

CLLC 

-J 
CAGH 
CFBl 
CKBP 
CHPl 
CHSF 

CBBI 

CBPM 

CBMP 

CBHP 

CBHG 

CBIB 

CBCC 

CBDP 

CBCl 

CBSP 
CBSR 
CNJ 
CBTP 
CBCH 
CBRP 
CBCR 
CCBH 
CCIC 
CCNB 
DBPE 

Abecon Inlet 
Anaheim Bay 
Apalachicola Bay 
Apalachicola Bay 
Araneee Bay 
Aransas Bay 
Atchafalaya Bay 
Barataria Bay 
Barataria Bay
Barataria Bay 
Barbers Point 
Bamegat Inlet 
Bellingham Bay 
Biecayne Bay 
Block Island 
Bodega Ba 
Boston HA^ 
Boston Harbor 
Boston Harbor 
Boston Narbor 
Brazos River 
Bretonsound 
Bretonsound 
Buzzards Bay 
Buzzards Bay 
Bu?zFards 0ay
Calllou Lake 
Calcasieu take 
Calcasieu take 
Cape Ann
Cap Far 

Cedar Key
Charleston Harbor 
Charleston Harbor 
Charlotte Harbor 
Charlotte Harbor 
Chesapeake Bay 
Chesapeake Bay 
Chesapeake Bay 
Chesapeake Bay 
Chesapeake Bay 
Chesapeake Bay 
Chincot. Ba 
ChoctawatcKee Bay 
Choctawatchee Bay 
Columbia River 
Commencement Bay 
Coos Bay 
Coos Bay 
Copano Bay 
Corpus CMsti 
Corpus Chrlsti 
corpus Chlisti 
Delaware Bay 

Atlantic City 
West Jetty -
Cat Point Bar -- .. . -

hy Bar
Hmbor Island 
tongw
Oyster Bayou
Bayou Saint Denls 
Turtle Bay 
Middle Bank 
mlilPoint

gzl;;L$:&
Princeton Cmd 
Block Island 
Bodega Bay Entrance 
Deer Island 
Dorchester Bay 
Hingham Bay 
Brewster Island 
Ferrport Surfside 
Ba Gardenre 
.Sa gle Island 
Round Hill 
Angelica Rock 
Goosebury Neck
Caillou Lake 
Lake Charles 
Saint Johna Island 
Gap Head 
Battery lsland 
Black Point 
Fort Johnson 
Shutes Polly lsland 
Bird Island 
Fort Meyem 
Mountain Point Bar 
Hackett Point Bar 
Hog Point 
Ingriun Bay 
Cape Charles 
Dmdy Point 
Chincot. Inlet 
Shirk Point 
Off Santa Rosa 
South Jetty 
Tahl 
Coos"Xuah Point 


ead 

Russell Point 

Copano Reef 
Boat Harbor 

ingleside Cove 

Neuces Bay

False Egg Island Pots\t 

New Jereey
California 
Plorida 
Florida 
Texas 
Texas 
Louisiana 
Louisiana 
Louisiana 
Louieiana 
Hawaii 
New Jersey
Washington 
Florida 
Rhode Island 
California 
Massachusetts 
Massachusetts 
Massachusette 
Massachusetts 
Texas 
Louisiana 
Louisiana 
Massachusetts 
Massachusette 
Massachusetts 
Louisiana 
Louisiana 
Louidana 
Massachusetts 
North Carolina 
Florida 
South Carolina 
South Carolina 
Florida 
Florida 
Maryland
Maryland
Maryland
Virginia 
Virginia
Virginla
Virginia
Plorlda 
Florida 
Oregon

Washington 
oregon 

orrgon
Texas 
Texas 
Texas 
Texas 
Delaware 



Code 

DBBD 
DBKI 
EBPR 
ESSP 

EBBD 
BVPU 

m L  
GBHR 
GBSC 
GBYC 
EBTD 
GBCR 
GBOB 
GHWJ 
HHKL 
HRIB 
HRUB 
HRLB 
HMBJ 
IBNJ 
IRSR 
1HW
KAUf 
LJLJ 

LMSB 
LMPI 
LBNO 
LBh4P 
LICR 
LINH 
LlHR 
LISI 
LIHU
mJ 
LIMR 
LIHH 
LITN 
MDSJ 
MBBM 

MBDI 
MBC0 
MBTP 
MBGP 
MBLR 
MRCB 
MSSP 
MBAR 
MRTP 
MRPL 
MSPB 
MSBB 
MSPC 
MBVB 
MBHI 
M 8 6  
MBSC 

General Locrtim 

Delaware Bay 
Delaware Bay 
Elliott ~ a y
Espiritu *to 
BapIrltuSanto
Eve ader 
~ a r n'fon Island 
Galveeton Bay 
Galveston Bay
Galveston Bay 
Galventon Bay
Galveston Bay 
Galveston Bay 
Gray's Herbor 
Honolulu Harbor 
Hudson/Rnritan Betuary
Hudeon/Wtan Betuary
Hudm/Rarltan Estuary
Humboldt Bay 

IrnBerlel Beach 
Joseph Harbor Bayou 
Kauai 
La Jolla 

In tan Rivei 

Laguna Madre 
La aMadm 
Z 0 r g n e
Lak~Borgne
Longblandsound
Long bland Sound 
LongIsland Sound 
Long bland Sound 
LongblandSound 
Long bland Sound 
Long bland Sound 
LongblandSound
Lo blandSound 
Ma'8M Del Rey
Matagorda Bay 
Matagorda Bay 
Matagorda Bay 
Matagorda Bay 
Matagorda Bay 
Matagorda Bay 
Matanzas River 
Mcrriconeag Sound 
M ufte Bay
Miss River"S,sippi
Missbaippl Rlver 
Mississippi Sound 
Mieeiesippi Sound 
Miasissip hund 
Mimion &y 
Mobile Bay 
Mobile Ba 
Monterey t;ay 

Ben Davis Point Shoal 
Kelly Island 
Pour-Mile Rodc 
South Pass Reef 
Blll Days Reef 
Faka Unton Bay 

Hama ReeBastbd$ 
Shi 
YafK chamel 

t Club 
Todd's Dum 
c 0 n f e d . d  
Offata Bayou 

Lower Bay 
Jetty
North Je 
Sebastianxver 
Joseph Harbor Bay 
Nawiliwili i-larbor 
Point La JoUa 
South Bay 
Port Isabell 
New Orleans 
MaWueux Point 
Connecticut River 
New Haven 
Houaatonic River 
Sheffield Ieland 

Mamamneck 
Hempstead Harbor 

'hogs Neck 

South letty 

East
Dog tslan 
Carancahua Bay 

Tres Palacios Bay 


Ga11inip4?iver Mouth Lavaca 
Cresent Beach 
Stover Point 
Ayres Point 
Tiger Paan 
Pass a Loutre 
Pascagoula Bay 
Biloxi Bay 
Paes Christian 
Ventwa Brid 
Hollingers IFand Chamle! 
Cedar Point Reef 

Point Santa Cruz 


State 

Delaware 
Delaware 
Washington
Texae 

Texas 
Florida 
California 
Texan 
Texas 
Texas 
T e a  
Texas 
Texas 
Washington
Hawaii 
New Yo* 
New York 
New Yok 
California 
California 
Florida 
Louisiana 
Hawaii 
California 
Texas 
Texas 
Louisiana 
Louisiana 
Connecticut 
C o d t  
C o d t  
Co-t 
New York 
New York 
New York 
New York 
New York 
California 
Texas 
Texas 
Texas 
Texas 
Texas 
Texas 
Florida 
Maine 
Texas 
Louisiana 
Louisiana 
Mississippi
Mississippi 
Miseiesippi
California 
Alabama 
Alabama 
California 



- - - -  

v 

State 

M<Bm ~ ~ B 
NY LB New York B ght r 
NYSH 
NYBR hitan ightNew York 
NBNB Naplee Bay 
NBDU Narcaganeett Bay 
NBDI Narragansett Bay 
NBWJ N rt Beach 
NMML N z ~ i a m i  
OEIH Oakland Eetuary
OSBJ Oceanside 
PCLP Padfic Grove 
PVRP Palm Verdes 
PSWB PunllcoSound 
PCMP Panama City 
PBSI Penobscot Bay 
PEP1 Penobecot Bay 
PBPH Pensamla Bay 
PBIB ~ e ~ a m l aBay
WMC Port Valdez 
PALH Point Arena 
PCPC Point Conception 
PDSC Point Delgada 
PDPD Point Dume 

PRPR Point R o b  
SBSB Point hnta  Barbara 
SGSG p&t&int&orge 
QIUB @%Inlet 
E J C  R~anoSound 
RBHC 
SCBR South ta ina Island RwkGBar 
JFCF SouthJuande Fuca 
SSBI SouthPuget Sound 
SLBB Sabine Lake 
SHFP Salem Harbor 
SAMP San Antonio Bay 
SAPP San Antonio Bay 
SDHI San Mego Bay 
SPDB San F'rarrisco Bay
SFSM San Francisco Bay 
SPBM San Francisco Ba 
SLSL San LuisObis f;ay
SANM San Mi3el larand 
SPIT ! h P  roHarbor 
SPSP !an Francisco Bay 
SSSS §an Simeon Point 
SCPP Santa Cruz Island 
SSSI Sapelo Sound 
SRTI Savannah River Estuary 
SlWP Stnolair lnlet 
SAW B Saint Andrew Bay 
SJCB Saint Johne River 
SRWP Suwannee River 
TBMK Tampa Bay 
TBCB Tampa Bay 

TuthlU Point New York 
In Branch New J v 
Saz fiook Bay New Jersey
S M ~Rtver New J 

Plorida 
Rhode Island 
Rhode bland 

a 

California 
Florida 

InnerHarbor California 
Beach Jetty California 
Lovers Point California 
Royal Palm State Park California 
WY-s &Y North Carolina 
Municipal Pier Florida 
Seam Ieland Maine 
Pickeri Island Maine 
Public %bar Florida 

Florida 
Mineral eek FlatsIndian Bar Alaska 
lghthouse Callfornia 
Point Conceph California 
Shelter Cove California 
Point Dume California 
Li hthouse CaliforniaPOLRO- Washington
PointSanta Barbara California 
Point Saint George California 
U hur Bay Virginia
J oECreek North Carolinn ~ - - ~ -

Henderson Creek Florida 
Bird Rock California 
Cape Flattery Washington 
Budd Inlet Washington
Dlue Buck Point Texas 
Folger Point Masaachurtta 

Texas 
PanM"%b Point Reef Texas 
Harbor Island California 
DumbPrton Br. Cblifornia 
San Mateo Bridge California 
Emeryvitle California 
Point San Luis California 

California 
FishingB#ihter Callfornia 
San Pablo Bay California 
Sen Simeon Point California 
Fraaer Point California 
Sm lo Island Georgia 
Ty& Island Georgia
Watennan Point Washington

Florida 
Plorida 

West ass Florida 
Mullet Key Bayou Florida 
Cockroach Bay Florida 



TBHB 
TBI'B 
T W T  
TBLB 
TBHP 
TBSR 
UISB 
VBSP 
WIPP 
YBOP 
YHSS 
YHYH 

Danubl Loution 

Tampa Bay 
Tampa
Tampa Bay 
TcnebonneBay
Tlllamook Bay 

Unakwlt 3et 
Vennillion Bay 
Whidbey W n d  
Yaquina Bay 
Yaquina Bay 
Yaquina Head 

SpecWc L d o 9  

HUIhmw Bay
P a p  Bayou 
Old Tamp Bay 
Lake Emre 
Hobwnvtlle Point 

PcmwdonPoint 
Oneat. Point 
Sally's Slough 
Yaquina Head 

NSkT Program Benthic Surveillance Sites 


Code 

APA 
BAR 
BOD 
BOS 
BUZ 
CAS 
CCB 
CHS 

CQL 

COO 
DAN 
DEL 
ELUB 
ELL 
END 
FRB-

GAL 
GRB 
HER 

HMB 
HUN 
LCB 
tLM 

LNB m 
LUT 

MAC 
MCB 
MER 
MOB 
MON 
MRD 
NAH 
N AR 
NIS 
OAK 

LoclUon 

Apalachicola Bay 
Barataria Bay 

B o d e g a Z r 

Buzzards Eav 

Boston 

e m ~ s -
orp pus &eti b y
Charleston Harbor 

ColumMa Rtwr 

Go-t Bay 
coos Bny
Dane Point 
Delaware Bay 
Long IslardSound 

Hlliott Bay

Pmdhoe Bay

Frenchman Bay

Galveston Bay 

Great Bay 

Heron Bay 
Humboldt Bay 
Huntem Point 
Lower Chesapeake Bay
Lower Laguna Madre 
Long Beach 
Churlone Harbor 
Lirtnk Inlet 
Machias Bay 
Middle Ctresapeake Bay 
Merrlrnach Rivet 

Monterey

. i s i ss i r  L l t a  

Nahku ay 

Narragansett Bay 

Ni ually Reach 

Oa3and Estuary 


Florida 
Florida 
Florida 
Lauisiena 
olekon 

California 
Alaska 
Louhlana 
Washington 
%P' 

State 

Plorida 
Loulslana 
California 
Massachusette 
Maesechusem 
Maine 
Texas 
huth Carolina 
Orcga\
Washington 
Oregon
California 
Delaware 
C o w c u t  
W~~hlngton
Alaska 
Maine 
Texas 
New Jersey 
Misbdssippi
California 
Californie 
Virginia
Texas 
California 
Florida 
Alaska 
Maine 
Virginia 
Maesachuaette 
Alabama 
California 
Louisiana 
Alaska 
Rhode Island 
Washington
California 



OLI 

PAD 

PAM 
PEN 
PNB 
RAR 
ROU 
SAB 
SAL 
SAP 
SDA 
SDF 
SBA 
SHS 

5JR 
SMB 
SPB 
SPC 
TAM 

UCB 
WLI 

Location 

Wktok Polnt 
San Pablo Bay
P d w  Snud 
Pensac01a Bay 
Penobmlt Bay
Raritan Bay
Roludleknd 
San Antonio Bay
Salem Harbor 
Sapelo Island 
San Diego Harbor 

Mego b y
Seal Beach 
Southharnpton Shoal 
Seint Johns River 
Santa Monica Bay
San Pedro Bay

San PedroCanyon
Tampa Bay
U per Chesapeake Bay 

I s h d  Sound 

State 

Alaska 
California 
North Carolina 
Plorida 
Maine 
New Jemy
Mississippi 
Texas 
Massechusetta 

G"PCali ornia 
California 
California 
California 
Florida 
California 
California 
California 
Florida 
Maryland 
New York 






