


OMA uses computer-bassd circulation modcls and innovative 'mcnsurement 
technologies to develop new information products, includin real-time circulation 
data, circulation fore- casts under various me~eorologicnl contitions, and circulation , , 

data atlases. OMA provides critical scientific support to tho U.S.' Coast Guard 
during spllltl of oil or hazardous materials into marine or estuarine qnvirotynents. 
This support, includes spill trajectory predictions, chemicnl hazard analyses, and 
assessments of the sensitivity of marine and eshtarinc environments to spills. Thc 

iogram rovidcs similar support to the U.S. Environmental Protection Agency's 
L p r : h n 8 ~ o g r e m  during emergency responses at, and for the cleanup of, abandoned 
hnzardous waste sites in coastal arenu, To fulfill the responsibilities of thc 
Secretary of Commorce as a.  trustee for living marine resources, OMA cor.ductu 
comprchinsive assassments of damages to coastal and marine rcsourccs [rum 
disch~rgcs- of oil and hamrdous materials. 

Alnsknn outer continc~~tnl slrelf. 
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effects. The merlty and geogapMc extent of ndvenre effecta may be determined by NOAA 
in intensive regional surveys in areas in which high-priority sites are located. These 
gnidelines were not inb-ded for use in wyllntory dedeioru, or any other eimllav applications. 

- METHODS 

Overall Appmoch 

m e  second step included weening the data by examining the degrce of concordance 
between the biological and chemical dab, sorting the remaining data In ascending order, and 
determining consensus ranges in values associated with adverae effects. A key element of the 
secondt step was the determination of the chemical concentratinns above which adverse 
effecb may be first expected and the concentrations above whlch adverse effects a lwep or 
almost always may be expected. The intent was not to identify only the lowest concentration 
of conlnminants at which an adverse effect had been obecrved or pd ic ted  for any organism. 

hydrotarbons, and 11 synthetic organic compounds or cla?ws. 

Apbroaches for Determining Effects-Baaed Sediment Quality Criteria 
I 

Effects-based sediment quality values derived from different numbers and types of 
appronchee are available for some of the NSkT Program analytes. m e  values from some 
approaches are region-spedfic and thoae from other approaches are available for only a 
minority of the N%T Program analytes. Because o!i the complemmtary strengths of each of 
the appeoaches, it was decided to detenntne if a consensus value In concentrations for each 
chemical was apparent and to use those consensus values in evaluating the NS&T k o s a m  
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data, Cmvewly, b u a e  of the apparent weaheases of each meth& done, it woa detided 
that waiues based upon a conaensue of multiple ap r o a c k  and multtple ap~l icat lo~)  of each 
a~proaeh would have more credibility thm v s l w  &wed upon only ono approach 

I 

Most of the BPderived criteria listed herein were reported by the U. S. HPA, 1988. Since 
that report was published, new information b e  become available that strongly suggests that 

' AVS nre important in controlling availability of trace xetale. The interim criteria reported 
liy the U. S. EPA (1998) did not account for AVS. Nevertholeas, these criteria were used in 
the p ~ m t  document atr reported. 

organic carbon nonnaflzed partition coefficients (#oc) used to calculate the criteria may 
differ by factors of 2 to 4 dmee depending upon whether percent volatile -lids or percent 
organic carbon am determind (Dr. Pear Landrum, NOAA, personal communicaoion). 
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Apparent Bffects Threshold (Am) Ap poach This approach alm involveti use of data 
from matched sediment chemistry and efleets measures performed with field-collected 
sediment samples. Similar to the SLC approach, it is assumed that tlte chen~icals occur in 
mixtures. An ABT concentration is the sediment concentration of a selected chemical above 
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Evaluation of the Sediment Valsluea from the Difbewnt Appron&@e. 

Tesster and Campbell (1987) e w a r d z d  the complexities of determining the significence 
of particulate trace metals contamination in aqnatic environments. Uptake (and therefore, 
effects) of sediment-aswciated contaminants is largely a function of bioavailablltty. 
Bloavailability ie strongly influenced by 6 complex suite of physical, chemical, and 
biological factors In the sediments. Trace metals can be adsorbed at particle surfaces, 
carbonatebound, occluded in iron and/or manganese oxyhydroxidea, bound to organic matter, 
sulphide-bound, matrix-bound, or diwlved in the Interstitid water (Tewler and CampWll, 
1987). The relative bloaveilabillty of trace metals associated with these phased has the 

. . 
5 



these criteria were not ueed. 
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Except for the benthic community data, moot of tYle biological measurements m d e  in the 
different approaches involved the determination of mortality as the end-point. Some 
contarnrw~t~,  such 8s PCB and some aromatic hydrocarbons, may be mutagenic OP teratagenic, 
and not very toxic in acute testt, of mortality. Mutagenicity and otlrer chronic effects nmy 
occur at I;.oels lower than tllose listed in this document in association with acute mortality. 

In addidon to the objectively determinedl ER-L and ER-M values, overall apparent effects 
thresholds were subjectively identified for some chemicals. These thresholds were the 
concentrations above which effects usually or always occurred in assodation with increasing 
concentrations of the chemical. They were determined independently of the HR-L and ERM 
values by visually examining the sorted data. They an! not to he confused with the AEIT 
values reported #or Puget Sound, San Frandsco Bay, and Mississippi Sound. They were 
identified as an aid in evaluating the accuracy of the ER-L and ER-M values and were not 
used In ranking the NS&T IJrogram sttea. 

The ER-L and ER-M values were established objectively by determining the lower 10 and 
50 percentile8 in the data. No other more rigorous stakistical procedures w e ~ e  used, since the 
consemus ER-L and ER-M values were intended only for urae by NOAA as general guidance in 
evaluating the NS&T Program dah. 
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Bvaluatlon of Sediment Wcctu Values and NSLT Peopam Da@. 

ranked accoralngly. 

In the third table for each snalyte, the type of approach wae noted with a shorthand 
descriptor: EP for equilibdum vrtitionlng, SSB for spikd-sediment bioassay, SLC for 
screening level concentration, AET for appurent effects threshold, and COA for co-occurrence 
arlalyses. Data available for some chemical analytes were judged to be insufficient to 
warrant the determination of ER-L and ER-M values. 



, 
\ 

Table 1, Summary of taedimnent effects data available for anthony, --- 
References Biological Approaches Concentrations (ppm) 

. --- 
Apparent Ugcsts Threshold 

1986 PUGFT SOUND AET 
- R. abronius amphipod bioassay - oyster larvae bioassay - benthic mxnmunity co~npodtian - MicrotoxTw Moassrcy 

19811 PUGET SOUND AET - R. abronius amphipod bioaasey - benthic commuralty cornpodlion 

20 PSDDA guidelines heed upon Puget Sound ART) - screening level concentration - maximum level criterion 





'9'9'9'14$~ W c t r  rqge-low and &cQ xangey1medlan volueu far anthomy md 13 
r0nCriiiZPattanr ned to determine these vdues man$ed In casc@ndhg order, 

Concentrations @pw) End Folnt 

2.0 C o r n - t  Bay, Washington bioassay COA 
2.0 HR-L 
2.0 CEPmenc@nu?nt Bay, Washi on bioaway COA 
3.2 Pugct Sound, Wadtington AE "cf! - benthic 
5.3 Pugeo Sound, Washtngton ABT - amphipod 
6.6 SIPn Frandaco Bay, California bioassay COA 
8.6 San Francisco Bay, California bioassay COA 

ZWO BR-M 
25.0 San Frandsco Bay, California bioaesay COA 
26.0 Pupt Sound, Washington AH' - oyster 
26.0 Puget Sound, W I I E I ~  n AET - Mimtaxm 
27.5 Cornmen-t Bay, aehington Moaesay COA 
9% .5 

C 
Commenct?mmt Bay, Wi\shl n bioassay COA 

150.0 Pug& bond, Waehlngto~~ My benthic 
200.0 Puget Sound, Washington AET - amphipod 

Arsenic 1s cardnogenic and teratogenlc in humans and other mammals. Acute toxidty, as 
well ae sublethal offects, have been observed in fish and invertebrates. Acute toxid can be 
highly different among epedes, including tho* that am taxonosnically related, an ! can be 
high1 influenced by temperature, pH, speciation, and man other fectore. Inor anic J uee a l e  m generally wre toxic than orgadc f o m  (~isler, I&). Inorganic uvnic 81 is 
acute1 toxic to freshwater aquatlc animah at conctntrati~ns as low as 850 ppm in water, and 
un deck marine p h t s  at mn~ntratl.0~1 as low as 13 to 56 ppm in water and marine animals 
at 2,319 ppm in water (EPA, 1986). Klapow and Lewb (1979) proposed a marine water 
qualtty standard of 8 ppm for total arsenic. 

The data available for effects of arsenic in eedlment are from tluee approaches: KP and 
Held studies in which AET valuee and/or cooccurrence values have been calculated (Tables 3 
and 4). Both acute and chronic marine values baaed upon EP rindpies are available. AaTs 
for both Pu Sound and San Frmdeco Bey are available an d: va from 54 ppm arsenic to 
7 0  ppm. were p e r f o d  with data from Puget Sound, ?ommencement Bay, San 
Francisco Bey, Waukqm Harbor, Black Rock Harbor, southern California, Sheboygan River, 
Tdnlty River, Baltimore Harbor, DuPage River, Kishwaukee Rlver, and a dump site off 
Georgetown, South Carolina. 

Data from man of the etudlce were not ueed in eedrnattng the ER-L and ER-M values 
(Table B-2). The ci$mlcd data from San P r a n d ~ o  Bay lndlcated a pattern of concordance 
with the bivalve cmb o bloassa data, but not with the am Npod bioaaaay, Thue, the 1 Z \ latter were not coiiei ered in t e estimation of ER-L and RmM valuecs. The arsenic 
concentration reported for Waukegan Harbor wao below detection limlte and was not 
considered further. The data from Southern California, Trinity River, DuPage River, and 
Kishwaukee River indicated relatively small rangee in arsenic concentrations and were not 
considered further, The Black Rock Harbor data were from a bioavailability/uptake 
experiment in which the concentrations of other metals were substantially higher than thvlt 
of arsenic. No effects upon benthic comunitfes were re r9ed a9 arsenic concentratione up to 
l.4 m at ulo Geocgetown, South Carolina dumpsite. %e bioassay data from l a s  An elea 
)4aa I2 r were from a small wmple alze (two) and the ranges in concentrations for some o f the 
other chemlcalo in the eedimftnts were much higher than that tor areenic. The Sheboyp;an 
fiver data were fm a small earn Ie sfic (three), kam an experiment whose objective was to 
d-nmine uptake (mainly of PCBs, 7 a d  where the range in arsenic values was very smell. 



The arsenic data are from three appmchee and from several [ ~ r o  hic areas, but do not 
include observations made in singlefhemieal, labonto 8. h e r e  appears to be 
rrlatlvel poor consistency and clustering amon the avaizle vmlues at the low end of the 
range. herefore, the degree of confidence in 81 e BR-I., should ix considered aa relatively 
p o p .  The ER-M value is su ported by mveral observations and fs mughly equivalent to an 
overdl apparent efkcts threskld, 2nd the degree of confidence in it should be considered as 
moderate. 

Table 3. Summary of sedhnenO effecte data available far arsenic - 
References Biological Ayproachce ~oncentrationa (ppm) - 
Apparent BfPeeb Thrceholde 

1 1986 PUGECT SOUND ART - R, abronius amphipod bioassay 93 - oyster larvae ( C  gigas) bioassay 700 - benthic community cornpusition BS - M1crotoxTM bioa~gay 700 

2 1988 PUGET SOUND AET - R, abronius amphipod bioaeeay 93 - oyeter larvae (C. gfgaa) bloolsany 700 - benthic comrnudty compDBttion 57 - MtcrotaxT" bio-y 700 

20 PSDDA guidelines (bawd upan Pugct Sound ABT) - screening lwel concentration 70 
- maxlmum level critcrlon 700 

* SAN FRANCISCO BAY, CALIFORNIA ART - oyster/muesel larvae bioassay 54 - amphlpod bloaseey 70 
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Tdlc 9. k m d c  4eop1ttrauccdl) 

BLological Apprmachee Coneentratllom (pprn) 
a- 

@o-occumnc& Andper 

80 WMMBNCBMES'JT BAY, WBSHINrnN - highly toxic (15.7 f 3.9% dead/20) b R. abmvdue 2257.1 f 4213.7 - moderakly toxic (5.2 f 1.1% dwAd/20) to R. abwnius 63.2 f 188 - least toxic (25 f 0.9% dea4/20) to R. abwniur, 28.3 f 26.6 

- highly bxtc (44.5 f 19% abnorqurl) to oyekr larvae 689.9 f 2350.9 - moderately toxic (23 f 23% abnormal) to oyster larvae 58.7 f 148.1 - least toxic (15.1 f 3.1% abnormal) to oyster larvae 27.8 f 30.8 

26 PUGET SOUND, WASHINGION - highly toxic 8amp1m (959bLPL.l to R. abronitu, 1005 * 2777 - moderately toxic (~1173 to >95% LPL) to R. abronfta 25.1 f 23.1 - non-toxic (>875% ouvfval) to R. abronirze 22.6 f 28.1 

SAN FRANCISCO BAY, C A U P B i I A  - highly toxic (67 f 11.8%) to R, atwnim 17.5 k 14.2 
I - moderately toxic (33.8 f 4.7%) to R. nbronfus 10.4 f 13.4 - least toxic (18 f 6.6%) to R. abroniua 28 f 215 

- si@imtly bxic (42.9 f 19.2% mortality) to R, abronius 14.65 f 13.9 - not toxic (18.4 f 66% ~nortality) to R, abroniusr 30.3 f 22.4 

- highly toxtc (92.4 f 4.5% abnormal) to bivalve larvae 50.7 f 29.3 - moderetely toxic (59.4 f 91.3% abnoml)  to bivalve larvae 22.1 f 19.4 - least toxic (23.3 f 7.3% abnwmal) tu bivalve lame 13.7 f 14.8 

- elpificantly toxic (55.7 f 22.7% abnormal) to bivalve larvae 22.8 f 22.1 - ma toxic (31.9 i 15.5% abnormal) to bivalve larvae 22 f 18,7 

72 WAUKBGAN HARBORl WIGCONSIN highly toxic 
(66.3 f 4.25 % martallty) to H. atfeca 

n BLACK ROCX HARBOR, COWECTICUT - 2 0 %  mortality to N. ofmu 

5(i SOUTWBRN CALIFORNIA - Mew concordance with eigdficant mortall!y (51.7%) 
to G, japonica - Mean mncordancenat eigdcantly toxic (23.2% mortality) 
to G. fapodca 

74 SHEEOYGAN RIVER, WISCONSIN - significant mortdity to M. rosmbm$i 2.7 f 0.2 

39 DUWAMISH W B R ,  WASHINGTON - 0 to 10% mortality to P. pugto in 96-h bioaseaye 

39 N B W R T ,  RHODE ISLAND - 0% moPtalily to P, pugb in 96-h eluMate biwesap 

39 STAMFORD, CONNBCTICUT - 10% mortality to P.pu,qio in 96-h eluMate bloessaye 

13 



Refercncee BLologlcal Apprurdtes Concentmtione (ppmr) 

C ~ O c c m n c e  Anrly~m 

39 NORWALK RIVER, CONPJBCKUT - 0% mortality to P. pgfo in 96-h elutriate bloasaayn 

39 LX33 ANGELBS, CALIFORNIA - ~ 5 0 %  mortality b P. pugfo in 96-41 20% elutrfate Mmc~esays 

TRINBTY RIVER, TEXAS - significant rnortallty to Daphnfa m a p  - non-toxic to D. r ~ g ~  

60 GEORGBTSWN OCBAN DREDGED MATERIAL DISPOSAL SITE, 
SOUTH CAROLINA - no efftxb on bnWc community abundana or epedea richness 

62 BALTIMORE HARBOR, M A R . W D  - most toxic to mummichop surd spot in 48-hour bioclrwaye 91.9 f 78.6 - least toxic to mummichop and spot in @hour Molrssays 

60 DUPACE RIVER, ILLINOIS - low numLwr of ta#a (6.7 f 2.5) - high number of taxa (15.8 f 21 

61 WSWAUKRE W R ,  ILLINOIS - low nunber of tp#a (8.4 f 0.5) - high number of tam (16.3 f 4.6) 

Elquillbdum Parrtttionhg Approach 

17 BPA acute mahe BP threshold (W% nX) 

RPA chronic marhe EP threehold (404% 'K)43) 

Rsferencca Backgsound Appmach Concentcationas (ppm) 

68 Great take@ harbors sediments 

43 New Xngland interim high contamination level for dmige mlterial w20 

20 BPA/ACOB Pupt Sound Interim Criterlm (mtral basln backpund) 123 
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Table 4. affects ran@?-low and efecte range-median value8 fop araenlc cond 16 
concentrations uued to Batmine these vduee arranged in mcendlns order, 

Concentrsltlon (ppm) End Point 

San Francisco Bay, Califamla bioassay COA 
ER-E 
EP chronic @4% TOC 
hn Frandsco Bay, California bioawy COA 
San Frmcieco Bay, Cal!fomia BET 
Pupt Sound, Washin on AET - benthic 
C a m m e n m t  Day, 'i: ashington bioassay COA 
C o m m e n m t  Ba , Washington bioassay COA 
aP Acute @4+ TCX! 
BR-M 
Puget Sound, Waehlngton ART - benthic 
Baltimore Harbor, Maryland bioassa COA 

C Ki Pugt Sound, Washtn on ART - amp pod 
Commencement Bay, ashington bioassay COA 
Fupt Sound, Washington ABT - oyster 
Puget Sound, Washington ART - MlcrotoxTM 
Puget Sound, W a n  on bloaseay COA 
Commencemt Bay, 6 aehlngton bloasmy COA 



chemical ernalysee determined that the milmento had contamlnante other then cadmium 
that could have influenced the biological mewurea 
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'Mttle Odzily Creek were hifly contamhate61 with copper; cadmium d i f k d  llttle between 
(tb4c and nonutoxic earn l i n ~  atutlone4 Sedlmena, fmm Cubatao River, Brazil were highly 
;ebtitqtjPiaPiaw idih elhe J a 8  other than cadmium All af the data deecrlbed above we~e not 
iSdi&br&l ifurher in tb  tian an of HR4 and BR-M values, (Table 83).  

The degree of confidmce in the BR-L and ER-M valurte for cadmium should be considered 
as very high. Data ere available from many approaches, from multiple methods for some 
ap roaches, and rth are relatively conetatent, An overall apparent effects threshold P Y co ndded with the B -t value. 

Table S. Summmy of eediment ~ffeck, dab avdlmbte far ocPllmlwrm. 

Reference8 Biological Appxorchea Concenbatlo~ (ppm) 

Apparent Effects Thrreshold 

1 1986 PUGE'T WUM) AHT - R, a&rwdug am Mpod bloaseay 6.7 - oyster m e  8. g i p )  blwmy 9.6 - benthic community compoldtion 5.8 
- M ~ ~ Q ~ o x T ~  h i 0 ~ 8 ~ y  9.6 

20 PSDDA GUIDELINES (based upon Puget Sound JWI") - -vning level concentration 0.96 - mx,imum level criterion 9.6 

tb SAW PRANCIGCO BAY, CALIFORNIA AET - bivalv~ larvae bioassay 1.7 - amphipad Mommy 1.2 
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-- 
TolBk 8, Cmhlum (&antlnueQ 

Rsfsaenese BldqtcaaB Apprroachce C~necenOraoianr (ppmP 

C ~ c c ~ a r c e  A d Y 8 e 8  

4 3  f 11.4 

- high sped- richnes~ (963 f 223/0.P q. m) - &mk epdee rfchneee (72 f 3.3/0.1 n) - Imv e p h  rlchne88 (512 f 8.6/Q.l sq. 3 
- hi@ total abundance (88,9 f 35R/Q.1 q. m) - moderate boOal ahdmhnre (75.6 f 12.7/0.1 q. m) - low total ahndonce (57.6 f 136/0.1 aq. rn) 

39 LQ§ ARICELES HARBOR, CBLIFQINA - 250% mortality to P. puglo (20% elutrlate bioaeaay) 

48 SAM DIEGO BAY, ~ L I P O R N M  - ,9796 survival of P. stamfm - 9 7 %  survival of M. elongata - >97% survival of M. armaceodenfata - ~ 9 7 %  survival of C. sfigmaeue d M. elongata 
66 - W2% survival of C. sMgmacus, A. sculptlr, and A. tom - 284% eurvivd of N. arenacedmlatu, curd M, muta  

55 LIlTUt GRIZZLY CRPlIBK, C l h W P O ~  - eipificant mortality to D. m a p  

72 WAUKEGAFJ HARBOR, ILELWOIS - highly toxic (66.3 f: 4.Z% mYtalIty) b N. aztm 

79 MUUSON-RARITAN BAY, M W  YORK - negative rate of growth in nematode, C.gemanica 18.6 f 8.9 - positive rate of g~owth In amnaWar, C.germanka 

n BLACK ROCK HARBOR, C O ~ B ~ C U T  - 100% morrality to polychaete, Al. drem 

74 SHE!B(I'x .;AN RXVBK, WIXONSIN - significant mortal! !y iD prawn, M. rosmber@i 

39 MEWPORT, RHQDB ISLAND - 0% morbuty to P, pu* 

$9 STAJMPORD, CONNECTIrn - 10% mortality to P. pu8b 

39 NOWWALK, b30NNBCIICUT - 0% mortality to P. pug& 



Table l6. Cadmium (conthud) 

Referenokfi 18liolo@lcal Appraachea Co~canbssO1cans (ppm) 

rC~2) lccmacte Analpea 

40 CI -tATAO RNHR, B W I L  - !&hour EC-50 with D. simillis 

54 lCBWEENAW WATaRWAII, MICHIGAN - elpificantly todc to D. mgna - mt tQxic to D. *;(I - wan mnc. ~1 ihi& toxic (notthem) diments to D. mglna - mean cow. in lecaet toxic (eouthen: d m e n t s  to I), m a p  

55 PHILLIPS CHAIN OF LAKUS, WISCCINSIN 

S TORCH LAKE, MI[CMGAN - ei@flcant mortality to D. magna and Hextagenfa op. 

75 TRINITY RIVER, TEXAS - significant mortality to D. magw - law rnortalty to D. m n p  

60 GHORGaOWkl OCEAN DREKHD A4ATENAL DJSPCBAP, SITE, 
SOWH CAXQLIMA - no dfects upon benthoe q&ea richnese or abu1M1m 

44 NEW YORK WmR, mw YO% - ~ 1 0 %  mortality in adult N. d r m ,  M, mereenaria, and P. pug& 

62 BALTIMORE HARBOR, M A R W D  - most toxic to murmn\td\ogs (5.1 f 3 5  TLm) s t (5.9 f 3A TLm) 22.8 f 19.8 - lmt tmL to mux6umichDgs (43.2 3 31.1 T~mKpot (24 k 56 TLm) 

60 DWAGE RJVER, I L ~ Q l ( S  - least nuder of bnthic macroinveptcbrate taxa (6.7 .f 25/site) - Itight number of benthic macroinvertebrate taxa (158 f 2/dbI 

60 #ISWWAUKEE RNBR, ILLINOIS - laest number of benthic mcroinvertebrate tewaa (8.4 f O3/eite) - highest number of benthic macroinvtebratt? taxa (16.3 f .6/rlte) 

BqoiMbrriw PdUsNing 

17 BPA acute &ne BP threshold (@4%TOCl 
I 

4 BPA chronic marbe EP threshold (W%XX) 

Splkad-sedlnasnrt Btocureayo 

70 Significant reduction in eurvlval of P. afinia in 4%- d M w y  

8 LC30 of R. abradrce in 1M biaawy (n=BI 
EC50 of R. abmnitu tmqpnc@ in l0.d Moaesay 
BC50 of R. abrorliusl reburial in 1M biommy 

, 

20 
I 

, 



Tabb 8, Cadmnium (contlnafd) 
3 '  

Reference8 Bf ologid ApproecRers Concemkrationr (ppm9 

Spiked-erediment Il0iolpeaay8 

281 LC30 for R. rbroniue in 1M lbioatwy (Yaqutna Bay) 8.8 
LC50 for R. abronita in 1W &loamy Cwhidbgr blouPr0) 10 I 

1 

45 LASO f 95% C.L. for R. abmdrcs (fresh) 104 btosswy 8.7 (8.1 - 9.4) 
LC30 f 95% C.L, far 8. & d u e  juvenile& 8.2 (9.6 - 8.9) 
LC3Q f: 95% C.L. for R. abrlnim adults 113 (10.6 - 1 2 4  

9 LC30 for R, abmnius mtrvid, 1O-d (n = 5 x 11 dilutioars) 
EECW for R, abronius reburial, 1M (n = 5 x 11 dilutions) 
RC54) for R. abroniua reburial, 4 4  (n = 5 x 6 dllutiuns) 
LC30 for R abrodw amlivd, 4 4  (n = 5 x 6 dilutions) 

22 No observable mortality or behavioral effects ta M. airem in 28 riayri 40 

11 23.22 deed and 86% avoidance, 56 8. abmnius, 72-h, 2choice 
ttysrlment. 

444% avotdance, 4 R. abroniuo , 72-h, 2-choice e x e t  

27 LC76 for R. nbmdw in 72-h Moatmy 
LC981 for E. odl lw in 72-h bioamy 

73 LC5a for R. abmmw exposed to foundry sando, 104 bioassay 
(Sverall LC250 for R. nbroniw e x p d  to wid (MS-1) 

Wefezenc~~ Backb uupd Agpraecla Cancentratlono Ipgm) 

68 Grest Lakes h b o r e  chesification of mn-m,Uuted sediment 

43 New England interim contamlnration Yevel for dredge material >7 

20 BPA/ACOE Pup? Sound Interlrn Criteria (cmbrd h i n  background) 0.7 

23 Rotterdam Harbor sediment quality &sdfications - Claw 1 (Eilightly conhdru~1.e8) - Class 2 (moderately contamlmtd) - Clam 3 (conmnated) - Claw 4 (heavily cont-kd) 

Ref crencec: 

I. ~ellererab,l986 40. Zftgam er d., 1987 66. Salazar and S a w ,  f!lM5 
2. Pfli Envirwunenual Swim, 19813 43. NBRBC, 1980 67. I k b C h t ,  1979 
4. IBolim el d. ,  1985 44. Rublnstaln ct 01.. 1983 88. BslIlmick ct of., 1981 
8. WI*smar et al., 198s 45. W i  er d., 1988 70. S d l i n ,  1984 
9. Swartz et d. ,  1985a 48. S a h m  cr d., 1980 71. Sirmnm et al., 1984 
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Teble 6. EIP8ecta rm~c-low ancf &cte rangemedian values hf sadmiurn an8 36 
concentratians ueed to Betemtare theec values mangedl in asemdlng order. 

Concentrations (ppm) b d  Point 

Southern California arthropods CQA 
Southern California species Plchnees CQA 
BR-& 
hget 9ound, Washington AET - benthic 
Southern California bioa~eay COA 
SSB with 8, abronks 
SSB with R. abronius 
Fu t Sound, Washington AET - benthic 
S S F W ~ U ,  R. abronius 
Southern California echinodenne COA 
SSB with R. abronius 
Puget Sound, Waslhgton AET - amphipad 
SSlB with R. abroniue 
SSB with E. sendllus 
SSB with R. abronius 
SSB with R. abmnius 
SSB with R. abronius 
SSB with R. abronius 
BR-M 
SSB with R. abronius 
Puget Sound, Washington AIR - oy8W 
Pu t Sound, Washington AET - MicrobxM 
S S ~ W ~ U ,  R. obronhu 
SSB with R. abronius 
SSB wiih R. abronilas 
Trinity River, Texas bioawy COA 
SSB with P. a 'nis 
SSB with R. a 7 ronius 
CA,numencement Bay, Warshlmgton bimssa CQA 
Hudson-Raritan, New Vork biwseay CO 
SSB with R, abro~rius (4-da ) 

l 
Baltlnwrr Harbor, Ma landl bioassay COk 
SSB with R. abrontus ?' Q-day) 
P~los  Vwdm Shelf, California bioassay COA 
Paloe Verdes Shelf, California benthoe COA 
BP chronlc rnarlne @4% 

gton Mmseay COA 



The remainin data (Table 8) suggest an ER-L of about 80 ppm chromium, roughly the 
tower 10 gercenti f e of the data. Massachusetts Ba sedimenm with low species richness had 
a mean chmmtum content of 81 ppm as cornpardto a mean of 27 ppm in -plea that had 
high species richness. Trinity River sediments that were significantly toxic to Dnphnia 
magnu had a mean of 72.6 m, as compand to samples that w e  not toxic that. had a mean 
of 18.1 pm. Southern Ca Pp ifomia samples that were significantly toldc to Grandidierclln 
jnponin, L d  a mpan of 81.4 ppm, as compand to no*-toxic eamples with a mcan of 73 ppm. 

The data suggest an ER-M vdue of about 145 p m, the 50 percentile value of the data 

ir B (Table 8). This vdue is sup tld by significant to dty of Shebo gan IUver sediments (l28 
pprn) end low louthem W omi. arthropod abundance (145.8 ppm{ 
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Table Y. Sumnary of w(Ummt &eds data c a v ~ l s  for cbmmtw 

1IDiolloglcal Appma&w ieonceatrotionm (ppm) 

Agputat Wsda Thmshold 

1 N  PUGBT SQUND ABT - R abronius amphipod Moamay 
-benthic ~0mmWty compsltion 

Cosccwmncnee A d y e e e  

60 COMMENCBMENT BAY, WASHINGION - highly toxic to R. abronius (15.7 k 3.9 dmd/20) 19.7 S 11.3 - mode~ately toxic to R. abrontue (5.2 f 1.1 dead/20) 17.7 f 7 3  - leaat toxic to R. abronlus (25 f 0.9 ded/20) 16.2 f 8,l 

- highly toxic (44.5 f 19.0% abnormal) to oyster larvae - moderately toxic (23 f 23% abnormal) to oyster larvae - leest toxic (15.1 i 3.1% abnoml) to oyster larvae 116 f 3.7 

29 LAKE W O N ,  WASHDIGTON - 95% mortality to HI. aztecu 

39 DUWAMISH RIVER, WASHINGTON - &lo% mortality to P. pugio 

67 STRAPT OF GEORGIA, B.C., CANADA - slgnlficant increw in burrowing time (El?@) of M. balthfca 60 - elgnilicant !M-h avoidance behavior among M. balthica 

77 FRASBR RIVER, B.C., CANADA - sediment devold of feral M. brlth&a - sediment populated by feral M. balthfa 

S A N  FRANCISCO BAY, CAtIPORNIA - highly toxic (67.0 f 118% mortality to R. abronfus 141.8 f 86.5 - moderately toxic (33.8 f 4.7% mortality) to. R. abndus 163.3 1: 116.7 - least toxic ('1tiA f 6.8% mortaUty) to 8. abroniw 195 f 93.9 

- significantly toxic (42.9 f 191% mortality) to R. abronfuar 154.9 k 102.1 - not toxic (18.4 f 6.8% mortality) ta R, rtbmdw 202.6 f W.3 

- highly toxic (92.4 f 4.5% abrnomY) to bivalve larvae 975 f 66.7 - moderately toxic (59.4 f 113% abnormal) b bivalve larvae 164 f 93.4 - least toxic (23.3 f 73% abnormal) to blvdve kuvae 88.2 f 82.7 

- eignificantly toxic (55.7 f 22.7% abnormal) to bivalve larvae 133.7 f M.2 
I - not toxic (31.9 1: 15.5% abnormal) to Mvalve larvae 150.2 f 85.9 

50 PALOS VBRDBS SHBLP , CALIFORNIA - "major degradationn to macrobenthos (20,2sp/O,lrn q.) 469.3 f 172.9 
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tlrPIble g, ~CWomriw.@i 4CantJnned) 

Bislf&icd Appwm&m Cor~mntrmti~zw (pipail 

% S O m C A m w A  - elgnificmtly to& (S1.6!5% mortality) to G. japrttfcc $I& k f 15 - not toxic (232% mortality) to G. jupnfce 73 5 1WA 

$3 - hlgk echhodennabumhnce (191.3 f 7Q.i/QtI sq. m$ 29.6 f 15.6 - mOtDetr0be cxhtnderm abundatw (56.2 f 23/0.1 q. m.) 326 f 17.5 - bw eahlnodenn aWance  (6.1 f 7.2/0.1 q. m) 2013 f 349 

- high @a richmew (963 & t:.3/05 q. m) 628 f 1395 - rndwate ~peeles ricP\nlwul(n! f 38/0.1 a) 3.1 f 36.3 - low species richeee (513 f t3.6/0.1 sq. 3 156.6 f 320.9 

39 COS APJGBLES HARBOR, CALIFORNIA - >50% mortality to P. pugb (20% eluMate bioassay) 

66 - -2% survlvcal of C. stiflam, A. sculpts, a d  A. t o m  - a% eurvivcal of N, arenaoevrodenlata and M. muta 

55 Il1TL.E GRIZZLY CBBEK, CACALIPORNLA - s1gnUfcant morWlty to 0. magna 

72 W A W G A N  HARBd,R, ILLENOIS - highly toxic (663 f 4.25% moPtnUty) to H. azfeua 

60 DUPAGJI RIVER, ILLINOIS - least number of benthic maaofnve*rate taxa (6.7 f 23) 59,7 f 28.7 - highest number of benthic macrolnveete taxa (15.8 f 2) 34 f 5.9 

61 IUSR'WAUKBB RIVER, ILLINOIS - least number of benthtc maaoinvertebrrate taxa (8A f 05) 43.4 f 225 - highat number of benthic xumoinvertebrate tcuun (16.3 f 4.6) 29.2 f 9.1 

54 WBWBENAW WATERWAY, MICHIGAN - significantly toxic to D.  mag^ 10.8 f 19.6 - not toxic to D. mgnn 36.3 J: 21.9 - mean concentration in MghIy toxic (northem) 
dimente (to D. mg~)  101.6 - mean aoncatratlon in least toxic (wuthwn) 
&-@ [to D. ~ l l l g ~ ~ l )  29 
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TdVlbt7. @hf@@um (conttaPcd) 

Biologlcrl ApproaSrcr Concentrationo (ppm) 

Co-ascumnce Andpee 

3s TORCH LAKE, MICHIGAN - IHl@fimt mortality to D. magm and Hwuagmfa ep. 180 

55 P)rlILLIPS CHAIN OF LAKES, WISCONSIN - 8lll;nlltcant mortality to D. rnrlgna 980 - low mrtBUty to D. magna 3315.4 f 236 

74 SHEBOYGAN RIVER, WISCONSIN - significant mortality to prawn, M. waembngii 128*4 

79 HUDSON-IWUTAN BAY, NEW YORK - negative rate of growth i nematode, C. gcrmanb 160.3 f 85.4 - positive rak of growth in nematade, C. gnmanim 144.6 f 88.6 

71 BLACK ROCK HARBOR, CONNBCllCUT - 100% mortality to polychaete, N. mrens 

82 MASSACHUSETTS BAY, MASSACHUSBTIS - high benthoe a ee richne88 (mean = 93.6 f 9.4) d? 27 f 11.1 - modenrk ben s species richness (mean = 58.2 f 10.5) 60.9 5 27.5 - low benthos aped- richnes8 (mean = 31 f 65)  81 f 296 

39 NEWPORT, RHODB ISLAND - 0% mortality to P. pug& 19.9 

39 STAMFORD, CONlVECIlCUT - 10% mortality to P. pugfo 86 

39 NORWALK, COIUNBCI1CUT - 0% m~rtrpllty to P. pug& 67.5 

64 GBORGBTOWN WEAN DaBDCBD MATERIAL 
DEPOSAL SITE, SOUTH W O L I N A  - no e W  upan benthoe epedee tlchnees or abundance 2.46 

75 m m  W E R ,  TEXAS - significant mortality to D. mugmi 72.6 f 60.6 - low mortality to D. mgna 18.1 f 16.8 

62 BALTIMORE ~ B O R ,  MABYLAND - most toxic to mummichogs (5.1 f 35) 5) t (5.9 f 3.4) 3"' 1646 f 1628 - least toxic to mummlchog (43.2.1: 31.1) an spat (24 & 5.6) 335 f 179.7 

Ref esences Baclc~~u,und Approach Concentrrtiona (ppm) 

43 New England interim high contamination level for dredged material ,300 
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Table 7. Chramiaun .(continued1 

Backgxound Approach 

23 Rotterdam Harbor sediment quality classifications - Uass 1 (elightly contaminated) - Clam 2 (moderately canWnated) - Qasle 3 (cont@mtad) - Class 3 (heavily contaminated) 

Rtterencea: 

2. ?TI Environmental Sewicc9,1988 56. Andawn d aJ,, 1988 72. Ingen#,U and Nelsan, In pma 
12. Pavhu and Weeton, 1983 60. Illhob BPA, 1988a 74. Tatem, 1986 
23. Jansan, 1987 61. ,U BPA, 19flIlb 75. Qaah et al., 1980 
29. Yake et of., 1986 62. TaaB et al., 1979 77. M&n%% 1982 
39, Lee and Uariani, 1977 fA. Van b l a h  et al., 1984 79. Tieljtn and lee, 1984 
43. WRBC, 1980 66, Satavlt and Salaulr, 1985 80. Tsaa Tech, 1985 
48, Salazav ct al., 1980 67. Mdkwx, 1979 82. Oilbat et al., 1976 
SO. Swam et al., 1986 68. Bahnick ef al., 1981 83. Word and Mcams, 1979 
54. Malwg ct al,, 1 W a  71, Simrnera ct al., 1984 * Vartwa, ploiwl am tax1 
55. Mlueg ct al., 1984b 

Table 8, Effects rmgorlow cPnB effects rage-median vlalueca far c9uomhm and 21 
concentrations, used to detewaine L e e r  values arranged in wcendhg order. 

Concenkataone ippm) HnB Point 

Southern California arthropod abundance COA 
Southern California benthos COA 
Hudson-Raritan Bay, New York estuary toxidty COA 
Torch Lake, fdichigan bioaesay COA 
Southern Califomla echhodm abundance COA 
P u p  Sound, Washington, ABT - benthic 
Puget Sound, WasWngto~,, ABT - amphipod 
Black Stock Harbar, Connecticut, bioassay COA 



Table a (ecsnoiautid, 

Concen&atlons (pgrn) Yina Pow 

Pal08 Verder, Shelf, Womita ,  ben- COA 
Phillip Chain of Uea,  Wteconsin, Mocaeetay COB 
&ltimom Harbor, AAorgrlad, bioaemy COA 

"..- 

Saltwater animala we acutely ecneitive b cop r in water at coconcmtions m g i q  from 
5.8 m to MK) , myside indicate amitivity rduonic lifecycle studlee at 77 ppm, and freBRBter meiP~e at mmnh~P~ns ss low 167 pp (BPA 1986). 
and Iawb (1979) pmpoeed a marine water qwllty standan! of 5 ppm. 
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Table 9. 8- of apadhmt &r&e dprta rvotlbble far copper. 

Bialogitol Appmocheu ConcenOnatiom (pps) 

A p p m t  Bffecta Thhtehold 

1986 PUGEl' SOUND - R. abronjw amphipod bloaeeay - oyeter larvae (C. @p) bioaeeay 
-benthic community c o m e t i o n  - Microtoxm Moaeeay 

1968 PUGET SOUND A8I' 

20 PSDDA GUIDELINES heed upon Puget Sound ABT) - memhg lwel conaentratlon - rrnaximum level Criwrp 

Co-Occurrence M y s m  

80 C Q ~ E N C B M E N T  BAY, WASHINGTON - hl@y toxic (15.7 f 3.9 dead/UI) to R. abmdus 2820 f 4881 - modeaetely toxic (5.2 f 1.1 dead/20) to R. abronlw - leaet toxic (23 f 0.9 dead/20) to R. abroniw 85.1 f 69 

- highly toxic (448 f 19% abnormal) to oyster larvae 918 f 27m - moderately bxlc (23 f 2.3% abnormal) to oyster larvae - least toxic (15.1 f 3.1% abnormal) to oyster larvae 

26 PUCEl' S O W ,  WASHINGTON - Mghly toxic to R abtonfw (95% LBL) 1260 f 3251 - modmably toxic to R, abronfus (~875% survival to >95% LPL) 138 f 124 - leaet toxlc to R abmnfua (>875% eurvival) 

29 LAICE UNION, WASHINGTON - 95% mortellty to H. mtua 

39 DUWAMISH RIVBR, WASHINGTON - 0.1096 mortaltty to P. pugio 
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Table 9. Capper (conblnued) 

Ref ercneer BiolagPd Appao1~11er Conc~ntarmtionaa (ppmn) 

Co-Bceurrcnce W y e e e  

67 Sl'RAii OF GEORGIA, B.C., W A D A  - significant increase in bumwing time (EEO) of M. kltMcs 67 - sl@ficant 24-h a.tfoidam behavior m n g  M. balUlfm 190 

77 PRASBR RNER, B.C., CANADA - d l m t  devoid of feral M. balthtcs 135 f 57 - sediment populated by feral M. bnlthh 28 f 16 

* SAN PRANCISCO BAY, CALIFORNIA 
- highly toxic (67 f 11.8% mortality) to R. abnrnius $Sf63 - moderately toxic (33.8 f 4.7% mortality) to R abmnitur 64f40 - least toxic (18 f 6,6% mortdity) to R. abronius 72f 41 

- significantly toxic (42.9 f 19.2% mortality) to R. abmnius mf47 - not toxic (18.4 f 6.8% mortalllty) to R, abronfw Zf4N 

- highly toxic (92.4 f 4.5% abnormal) to bivalve larvae 88 * 33 - moderately toxic (59.4 f 113% abnompal) b bivalve larvae 76 f 51 - least toxic (23.3 f 7.3% abnormal) to bivalve Imae  35 f 17 

- slgnificturtly toxic (55.7 f 22.7% nbnonnal) to bivalve larvae 68 f 48 - not t~'X1c (31.9 f 15.5% abnormal) to bivalve larvtra 47 f 26 

55 LJ'ITLE GRIZZLY CREEK, CALIFORNIA - significant mortality to D. ntngna and Newgenia sp. 1374 f 809 

56 SOUTHERN CALIFORNIA - si@icantly toxic (51.65% mortality) to C. japonica 181 - not toxic (23.2% mortality) to C. japonica 62 

83 - high echinoderm abundance (191.3 f 70.1/0.1 sq. m) 12 f 6 - maderate echinoderm abundance (562 f 23/0.1 eq. m )  13 f 14 - low echinoderm abundance (6.1 f 7.2/0.1 sq. m) 97f I77 

16 f 14 
15 f 18 
71 f 155 

- high speclee richness, (96.3 f 223/0.1 sq. m.) 31f 60 - moderate species richnees ( 72 f 3.3/0.1 q. m) 15 f 15 - low a@es rlchmm ( 51.2 f 8.6/0.1 eq. m) 73 f 166 

- high total abundance (88.9 .f 35.U0.1 eq. m.) 147 f 232 - moderate total abundance (75.6 f 12.7/0.1 sq. m.) 20 f 22 - low total abundance (57.6 f 13.6/0.1 eq. m) 21 f 39 

49 PALOS VERDES, CALIFORNIA - significantly toxic to R. abroniua 592 f 126 
- not toxic to R. abronius 251 f 227 - major degradation to macrobenthos (20.2 ep/O.P m q.) 502 f 126 

39 LOS ANGELES HARBOR, CALIPORNIA - >50% mortality to P. pugio (20% eluMab bioassay) 147 
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B14wlforl Approrhee 

65 a296 eurvival of C. atlgmaerrs, A, aculpta, and A. t o m  - 286% .auuntlval of N. armaceaudcnkrta and M, Msuta 

72 WAVKBGAN HARDOR, ILLINOIS - M&ly toxfc (663 f: 4.25% mottality) to H. astm 

60 DUPAGE RIVER, ILLINOIS - laat  number of benthic mcrainverttilxste tsxa (6.7 f 2blelte)t 77 f 39 - highat nlnmber of benthic maaolnvertcbrate taxa (158 f 2/site) 62 f 25 

61 HSHWAUUE RNBR, ILLXNOIS - leaat number of benthic macroinvertebrate taxa (8.4 f O.S/site) 45 f 53 - higlheet number of benthk maminvatebrate ttua (163 f 4.6/elto) 195 f 6 

74 SHBBIOYGAN RIVER, WISCONSIN - significant mortsllity to prawn, M. rosenbetgil 

55 PHILLIPS CHAIN OP LAKES, WISCONSIN - eignfficant mortalltty to D, mgna (n 1) - low mortality to D. magM (n = 5) 

S4 ICEWEBNAW WATERWAY, MICHIGAN - eigdficantly toxic to D, magm - not toxic to D. maw - mean concentration in Mghly toxic (northern) sediments 
(to D. m@W) - mean concentration in leaet toxic (southern) eedimnts (to D, magna) 24 

macrobenthoe taxa richness 

35 TORCH LAKE, MICHIGAN - significant mortality to D. magna and Hexagenia sp. 

69 MISISISSIPPI RlVBR 
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Table 9. Copper (mntlnued) 

Refaurencee Biological Approachea Cmcenbatktm ( p g d  

CeOcau~rranca A n d y ~ a ~  

HUDSON-RAMTAN BAY, MBW YQRK 

39 mmPOEU), CONNECIICUT - 10% mortality to P. pugio 

62 BALTIMORE E.MBQR, MARYLAAJD - mat toxic Q mummichop (Tern 5.1 P 35) and 
emt CTLm5.9 f 3A) 1WM f 948 

64 GEORGKI'OWN OC13AN QF1EEED MATERIAL DISPOSAL SITPI, 
SOUTH CAROLINA - nu effects upon benthos speclee richness or a- 1 

41 NQRWaGIAii FJORDS, NORWAY - 50% reduction from d m u m  in HwlWs benthic epedes I 
EqrniUbrium PaPBiMonhg 

17 EPA acute marine EP 17~rcshoM (444% TQC) 216 

4 EPA chronic marine EP kbshold (@4% TOC) 136 

$p&eCSsdlmcent Bioiaerp~p 

TUALATEN PUVBR. OREGON 

32 PUGBT SOUND, WASHINGTON 
-rnforburrowingtlmeof clam, P, swm 
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Backpsmd Aplpmrher Concen6raLOong (ppm) 

43 New England interlm Mgh contanhation level for d d g e  material A00 

20 EPA/ACOB Pu@ Sound Interim Criteria (central MIn lu&;round) 

23 Rotterdam Harbor sediment quality cbificattone - Clam 1 (slightly contaminetedl) - Clam 2 (mio8emaelgr eonWmted) - Class 3 (contpminattlrt) - Clam 4. (heavily contamhat&) 

Ref erencsas: 

1. B O W  cr al., 1% 48. Salazar ui d., 1980 68. Bahnick el d., 1981 
2. H'I1 Bnariranmend Smdca, 1988 49. Swam; er d., 1985 69. lMarklng er al., 1981 
4. Bolton et al., 1985 50. Swartz er al., 1986 71 Simmm dd., 1984 
32. Pavlou and Weaim, 1983 53. CaLnrr st al., 1984 72. Ingadall and Nelscm, in pns  
17. Lyman et al., 1987 54, Maleug et al., 19Ma 74. Tatem, 1986 
20. U.S. ACOE, 1988 55. W u g  st al., 1984b 75. Qasim et al., 1980 
23. Jansen, 1987 56. An- el al., 1988 77. McG~eet, 1982 
245. DeWitt et d., 1988 60. I l k &  EPA, 198L 78. Kraft and Sypnbwsld, 1981 
29. YsLa ct al., 1986 61. Ilhois EPA, 1988b 79. Tiil)sn mi Lee, 1984 
32. F%elpa e$ uf., 1983 62. Taai at d., 1979 80. Teaa Tech, 1985 
39. Lee and W, 1977 64. Van Dolah et al., 1984 82. Oilbart at ul., 1976 
41. Rygg et al., 1985 86. ~ a a i l ~ ,  1985 83. WdandEvlearnql979 
43. NFJRBC, 1980 67. Mc&az, 1979 * -V*UB, p b  8e6 

113 



Plnd PahC 

1Wlsseachueetb Bay benthos COA 
Sublethal SSB with Macoma 
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L 
i Along with other &vem dfacb, lead can modify tha function and sWldure of kidney, 

&om, the m t m l  nt?rvouls system, end the bpabpoietic syetern (Bider, 1988b). Adverse 
effect$ uf;m & p W  nepPoductlon bar bectn o b a m d  at comtratione In water m low ee 1 
p p ,  oqpmPead compounds are gemally more W c  than Irtoqpdc form, adverse dfccts 
uevually ascur at mncmtralom r -m 13 to 9.9 ppm w a t q  a d  mulm snlnals m y  
be more nerriettmt to ef'fecte of lead b freshwater species (Eiolor, 19Mb). 'I%! MI d 
marlne water qwlity standatd for Cdfomia wae 8 ppn in water (Kapow n d  d s ,  Rm). 

A relative1 large amount of hta exists for lead a d  m&sures of eHMs in sediments 
(Table 11). Ah' and BP values a= svalLble. Matehlng blologlcal and chemical dst. hnn 
man sOudieeo nned In areas such ae Pupt  Sound, Co-t Bay, Son Fmdsco Bay, 
mu 3$. Cali E?“ rnb, HPldaon-Raritm estuary, a d  Trinity Rlve~ are avd?,able. However, no 
single-chdccpl, SSB data are available. 

No d@mt to#ldty was olwrvecil in eedimnts from the Duwamish River, Stamfod, 
N~rwalk, and Newport at lead cancentralone lap to 277 m. Sen Fkandeco Bay sediments nPP that were significantly to& to amphipods had very 11 e difference in lead concentratlone 
compared to that were not Poxic. Total benthos abundance and some categories of other 
mseeu~ee of Itwnthic comxnudtiee off sotathem GaPifornia were not in concordance with lead 
concentratim. The minimum lead concentration alwodated with toxidty of Waukegan 
Harbor sediment6 was below the debedion limits of 32 ppm Lead conoenbrations did not ! 

differ ~ h b O y  among stations sampled In the Cubatao River, Brazil. The Little Grizzly 
Creek system toxicity tests suggested little concordance between toxicity and lead 
concentrations. Theee data were not c o n e i d d  further in the estimation of ER-L and BR-M 
values (Table $4). 

The xni~mum concentration above which effects were observed was about 27 ppm; 
si ificant toxicity to Daphnfa magna was .reported at this concentration (Table 12). 
&waukm River macroinvertebrate taxa ricium8 was lower in sediments with 8 mean lead 

of 110 ppm or greater and always 

The dqgree of confidence in the ER-L and ER-M values for lead should be considered as 
moderate cnnd hi h, ~ c t i v e l y .  A relatively large amount of datn exlst to relate sediment 
concentrations w f tR measures of effects, and both values are supported by am11 clusters of 
data. However, the chemical data are not s iated to indicate the roportion that is in 
organic a d  inorganic forms, there are no data, the available &ta indicate a fairly 
wide ranize in concentrations associated with effects, and the overall apparent effects 



AppmE Wwtu %&uold 

1 19$6BU6WISOUNDABT - 8. abmnirur am M@ Moaeeey - optm lsrvao (1. @p) bloury 
-benthic cornunity mpdtlon - Mmttlxm bbmmy 

2 1 9 M W C E T S O ~ A B T  - R. rpbmnfur a m e h i d  bloaeeay - oyster larvae ( gas: bioaeay 
-benthic cornunity mposltton - Mimtoxnw' bioaaMy 

20 PSDDA GUIDELINES b s e d  upon Bug& ABTj - emdng level commtration - meudnnum level criteria 

* SAlV W C I S C O  BAY, CALEPOIRNILA M T  

Co-Occwmnca AncIIyaee 

80 COMMBNCBMBNT BAY, WASWMGK)N I 

- highly toxic (15.7 f 3.9 Qernd/PO) to R abtuniw - moderately toxlc (5.2 f 1.1 dad/20) to R. a W m  - least toxic (2.5 f 0.9 dead/20) to R. abronlus 

- highly toxic (44.3 f 19% a b w d )  to ogrsbm CBIrvae - moderately toxic (23 f 2.3% abnormal) to oyeter larvae - least toxic (15.1 f 3.1% abncrmal) b oyster larvae 

26 PUGBT SOUND, WASHINGTON - highly toxic to R. abronim (959bLBL) - mod. toxic to R. ahnilre (47.5% survival to ~ 9 5 %  LPL) - least toxic to R, abrodus (~875% suwival) 

29 LAKE UNION, WMHINGTON - 95% nlortmtity to H. aztcca 

39 DUWAMISH RIVBR, WASHINGTON - &lo% B'I?OM~Y tQ P. )7U& 

67 W OF GEORGIA, B.C., CANADA - significant inmm in hrmwlng time (ET50) of M, baltlrfa - significant 24-h avoidance behavior among M. baltkica 

77 FRASER RIVER, B.C., CANADA - sedhant devoid of feral M. balthh - sediment popdata! by feral M. balthfca 
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--Jm=' 
*  BAY,^ 

(47% 1 1 1 8 % ~ t y ) b D W . ~  Mi80 
bDDdc(3Ulf431baspatrdity)tcpR~ akw 
8 ~ ~ % ~ t y ) b D R ~  9 2 %  

- d w b & ( 4 2 9 f  192%wolatrrfitg)bR.&~b I k 61 
- r r o t d m r i e ( l & I i & % 9 g M t y ) b J e ~  54 i% 

-h iwtmrlc(P28f  4 3 % ~ b o ~ ~ z l ~ l a r v ; s e  1cBrw 
-hddybPDdsm~f 1 1 3 % a h ~ 1 d ) t ~ ~ h v v r e  63 r 8 
- l s e a t ~ U 3 3 ~ 7 3 9 5 a r b r t r l K m ; l l ~ t o b i ~ ~  S k l Y  

- e l w W ( 5 5 . 7 i  227%td~k0md)bbjvsrhrem 59 k 63 
- n o t ~ ( 3 1 . 9 f : 1 ~ ~ ~ ~ b o ~ h a t v a r t  u r 33 

7 - s 4 3 d i m t n t q \ l a t i t y W ~ C % n Q ~  sW 
- s s & r m n t @ t y ~ ~ d e i ~ ~  2130 

Sb LlrrLEC;IUZZLYcRREK,CUPOWNIA - 9igMcant mmtdity b D, m p w 8 n d H ,  liRhtta 3 2 i  18 

56 w m C A I l P O m  - s i @ b d y  toxic (n.658 mmality) to C. jqmlcisrr 73 r 42 - raot CZ32% R , m o o t n l l t y )  to G. 46r9 

83 - @ x h m k m  ahmhce  (1913 t 7TLl/(X1 sq. a) 12 c 13 
- ~ a e e e f i r h r a d a m ~ 6 4 6 2 ~ t : / a l s q . n 3  10 r 9 - bw t?chh&m abundiumcc (6.1 r 72/0.1 sq. n) 64 c 118 

(148 r a / a l  q. m) 12 z 9 
i72 i 33/0.1 y. m) 13 2 10 

053 k ISJ/O.I 4. m.1 ui~m 
- high spedw rlcims~ (963 t rU/O.l gq. m.1 2332% 
- & t e ~ ~ ( R i 3 3 / a l q . m )  11 k 8  - bw spedes ric)lrrese ( 512 i U l d l  4.. a) 51 2 111 

- high total rbur- (8S.9 i 35.4/0.1 a) 95 t 1% - modeme Dtrl a- 05.6 t l23;8.1 sq m.1 13 r 10 - low tatal abraradwa (57.6 f 13.6/&1 q. n) 17 r 24 

49 P ~ V E R D E S , c A I l p c . " ' u I A  - hrajor depcbtion" to rmat&&a (20.2 sp /O .  1 a q.) 312 = 23 
39 US ANGELES HARBOR C B L I P O M  - %SO% xmtdity to P. pu@o (20% ehrwhte Massay) 4 1 

72 W A U K E ~ J  HARBQR n w s  - highly rojdc (583 A 4 3 %  m~Wty) to ti. &LOB d2 

Bb) DUPAQ BTVE;$ ILLrNOIS - bsst n u m b  of benthic an;ar~oinwstdmhe tam (67 f 25/s#?) 144 c 110 - ~W&T d benthk: manoin-& (158 4 2/&3 57 a 
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61 KISHWAWB RIVBR, ILLINOIS - leaat number of benthic ~ i n v e r k b r a t s !  t i u  (84 f OB/eite! 31f 26 - highmt number of benthic m m i n v ~ m b  taxa (163 f 4.6/slbe) 21 f 11 

54 KEWIBENAW WATHRWAY, MICHIGAN 

- mean concentration in highly todc (northern) sediments (to Do magnu) 27 - mean concentration in least toxic (southern) adments (to D. mgm) 10 

55 TORCH LAKE, MICHIGAN - d@cant mortality to D.  mag^ and H. limbah 110 

47f 17 

79 HUDSON-RAMTAN BAY, )NEW YORK - negative rate of growth in C. germanlca 321 f 195 - poertive rate of mwth in C. g m n h  145 f 132 

39 NEWPORT, RHODR ISLAND - 0% mortality to. P. pug& 

62 BALTIMORE HARBOR, W W D  - most toxic to mummlchoge Crtm 5.1 f 33) a - least toxlc to mumrnichqp CIZm 43.2 f 31.1) and spot CIZm 24 f 5.6) 213 k 131 

64 GEORGETOW OCEAN DREDGED MATERIAL DISPOSAL 
SITE, SOUTH CAROLINA - no effecfa upon benthoe species richnese or abundnnre <Ob 



~dbl-&;af ~&d4(agtkrucBl 

BIol@cal Approaches 

Q ~ c m m n a  b m l y l e e  

40 CVrnATAO llnm, IBk4ZK 
** 2d;h BaO with D. 8fmilfAl 

43 NORWEGIAN plORZX, NORWAY - !XIS 16rpdudon from maximum in X u r ~ s  benthic apedm 
divelleity Ma 

Ikquilibrium Ppaltiomfng 

17 RPA &cute matine BP UueshIdl (a% MC) 
4 EFPA chronic marlPle EP Uveehold (@4% M@) 

Badcpwd Appwach Concmtratlono cgpm) 

68 Great LalresHarbore - claeelfication of non- llutedl eediments - dadfisl;(ion of ~eratelyrlluted sediments - claeaification of heavily p uted sediments 

43 New Ingland lntertm high contannlnation level for dredge metem v 0 0  

#) BPA/ACOB Puget fjound interim criW 
(central b i n  background) 

23 Rotterdam Harbor edment quality claeaifications - Clam 1 (slightly contamlmted) - @less 2 (rnoder~tely contanhatedl1 - C1m 3 (contaminated) - Class 4, (heavily contemixuted) 

Referenceer 

1. Bellor el al, 1986 41, Rygg, 1985 68. Bahniok st al., 1981 
2. Irll Environmenrjrl Sarvicc8,1988 43. NBRE?C, 1980 71. Simmwl et d., 1984 
4, Bolm el al., 1985 49. Swartz el d., 1985 72. lngemll and Mdson, in preea 
7. C h p m  st d., 1987 JO. Swam st d., 1986 74. Tatan, 1986 
12, hvlou and Weston, 1983 54. Malcug a d., 1984a 75. Qash er al., 1980 
17. Lyman et d., 1987 55, M h ' i  el d, 1984b 77. M&az, 1982 
20. U.S. ACQB, 1988 56. Andemowet d., 19W 79. and be, 1984 
23. J m n ,  1987 60. Illhob BPA, 198th 80. Tetra To&, 1985 
26. DeWitt st d., 1988 61. Illhob EPA, 19881, 82. Ciilbwt el ul., 1975 
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~aljli$d! ~ ~ ~ ( c o n ~ u e d ~  

S.#f er~BJ~!i!  

Y;@Mt&, 1986 62. Tad st al,, 1979 83. WoadandAhm~, 1979 
i9i  CWen;blu 1977 64. Van b l a b  rt ale, 1984 * -Vorbue, p b w  ass tmt. 
40, ag i$o l~ t  d.* iw 67. m, 1m 

PlaBlo U, Wkcb range-lew and effectu range-medh vduce far lecd md 47 
concemtratlloxu wed Os dctcnnlawc theae vmluee m q e d  tn oecclndingl order. 

End Point Concentrations (ppm) 

26.6 Kcweenaw Waterway, Michigan bioaeeay COA 
29.0 Keweenaw Watenvsr Michigan Wolpeeay COA 
30.6 Wshmukee River Iltnoi~, b L m  alA 
32.0 M. krlthica burrowing ETX COA 
35.0 Norway benthoe COA 
3 M  1BB-E 

Southern Californle bioassay COA 
74.0 M balthicta biaasetay avoidance CQA 
81.7 Fraser River B.C., Canada benthoe COA 
89.6 Black Rack Horbor, Connecticut bimeeay COA 
95.7 San Franclaco Bay, California Mwseay COA 

104.5 San Fmdsccr Bay, California bioaeeny COA 
1104 IBR-M 
110.0 Torch Lake, Michigan bimesey COA 
113.1 Commencement Bay, Washington bioassay CQA 
120.0 San Francfa Bay, California AET 

2130.0 San Frameisco Bay, California Mad significant effects COA 
132.0 13P chronic marine @4% TOC 

40 
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Table 52 tconttnued) 

Concentratione (mnn) End Point 

Mcrcupgr 

No toxicity wae observed in Moaesaye of sredimenta from the Duwamlsh River, Stamford, 
Norwalk, and New rk with mercury concentratione up to 0.3 ppm Very emall gradlent8 in 
mercury concentre fr one were oberved in dau from Sari Ppanciebx, Bay, muthem California, 
Klahwaukee River, kweenaw Waterway, M~eeachusetts Bay, and Mnity River. Theee 
data were not considered in the estimation of BR-L and BR-M valuee (Table &7). 

greater (Table B-7). 
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Reterencccr ~ i o l w i d  A ~ ~ ~ c I u ? ~  ConrenbrraOiorro (ppm) 

Apparent Hffscts Thahold 

1986 PUGRI' SOUND ABT - R abmiw amphipod bimaay - oyater larvae (C. 'oioaseay - benthlc aommunity a;.mpgeltfon - Microto~W bi~a-y 

19M PUGET mUND Am - R. abronlua am hi bioaslwy - qwtm hrvae g) bioamay 
-benthic ~~mmunttycompostfbn - Mlmtoxf10 bioaresay 

20 BDDA GUIDHLlNR8 upon P u p  Scvund AETj - acreenhg level combation - mxtnnum level cribria 

Co-Qcct~arcnce Analyses 

80 COMMHNCEMM BAYl WASWINGTON - highly toxic (15.7 f 3.9 &ad/20) to 3. abroniw 11.2 f 22.8 - moderately toxic (5.2 f 1,1 hia8/20) to R. abmnilas - leaat toxic (26 k 0.9 dead/20) to R. a k n t u s  

- highly toxic (44.5 f 19% abnormal) to oyatcr larvae - moderately toxic (23 f 2.3% abnormal) to oyaber larvae - Peaat toxic (15.1 f 3.1% abnormal) to oyster larvae 

26 PUGET sm, MTMHINGmN - highly toxic to R. abrodw (95%LPL) - mod. toxic to R, abronim (476% survival to ~ 9 5 %  LPL) - leaet toxic to R. ab todw (>87.5% euwlval) 

29 LAKE eTNION, WASHINGTON - 95% mortality to H. a z t a  

39 DWWAMlSH RNBR, WASHINGTON - @lo% mortality to P, puglo 

67 STRAIT OF GEORGIA, B.C., CANADA - significant inmaee in bum,Wang time (E'EQ) of M. ballhicur - elgnificant 24-h avoidance behavior among M. ba l thb  

77 FaaSER IRIVBR, B.C., CANADA - sediment devoid of feral M. bslthica - sediment populated by feral M. balUlias 
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Table 19. M m w y  (cmtkrued) 

Illiologlcal Approinches Cancentrattum (ppm) 

C o - O c ~ a c c  Andyam 
* $AN FRPLMCIISCO BAY, CAWFOIWIA - highly toxlc (67 f 11.8% mortality) to R abwnius - moderately toxtc (33.8 f 4.7% mortality) to R, abwnlus - leaat W c  (18 f 4.6% mortality) ts R, abwnfus 

- dgnificantly toxlc (42.9 f 199% mrtality) to R. abmfiilrs - not toxic (18.4 f 6.8% mortality) to R. abrodw 

- highly toxic (92.4 f 4.5% abnormal) to bivalve larvae - moderately toxic (59.4 f 113% abnormal) to bivalve larvae - least toxic (23.3 f 7.3% abnormal) to Mvslve lmae 

- slgniflmUy toxic (55.7 k 22.7% abnormal) to bivalve l m a e  - not to& (31.9 f 156% abnormal) to bivalve larvae 

55 LIlTua GRIZZLY CREEK, CALIPOW - eignificant mortality to D. 1110gna and Hexpgenfg ~ p .  

56 gOUTHBRNCALIFORN1A - elplficantly toxic (51.6!5% mortality) to G. japonian - not toadc1(23.2% mortality) to G. japonb 0 3  f 0.02 

39 Lo6 ANGBLES EIARBOK CALW0RNI.A - >50% mortality to P, puglo (205% eluMate bioassay) 

48 SAN DIBCO BAY, CALIFORNIA - >97% survival of dm, P. etminarr - ~ 9 7 %  survival of mpid, M. elongafa - r97% survival of C. siigmeua, and M. elongata 

66 - 282% aurvival of C. rrtig~nancs, A. aculpta,, and A. toma 

72 WAUKEGAN HARBOR, ILLINOIS - highly toxtc (663 f 4.25% mortality) to H. azteca 

60 DUPAGE RIVER, ILLINOIS - least number of benthic macroinvertebrate taxa (6.7 f 2.5/aite) - highest number of benthic mamlnvertebrate tam (15.8 f 2/aite) 

61 KISHWAUKEE RNBR, ILLINOIS - least number of benthic macrolnvertebrate taxa (8A f 0.51aite) - highest number of benthic macroinvertebrate tam (163.1: 4.6/oite) 0.1 .1: 0.1 

74 SHEBOYGAN RIVER, WISCONSIN - elgniflcant mortality to prawn, M. roseplbngli 

PHILLIPS CHAIN OF LAKES, WI9COMSIN - stgnlficant mortaHty to D. nupw (n = 1) - low mortality to D. magna (n = 5) 



l(riQle iB M&cwy GconOOaibad) 

bfologlcol Ilppmmher ConsanI=e(iam (ppm) 

C ~ c c u m l u c t  Aballyoea 

53 TORCH LAKE, MICHIGAN - significant mortality to D. mgw and Hawgenia ep. 

$2 M M S A W S B n S  BAY, MASSACHUSB'FIS - high $ e n h e  epedea rlchnees(93.6 f 9A) - d e r a t e  benthoe specice rlcPlneee (58.2 f 105) - low benthos species r&hneee (31 f 6.5) 

79 HWN-RAFUTAN BAY, NEW YO= - negative rate of growth in C. germanfur - poeitlve rate of growth in C. gmnanica 

44 NEW YORK FURBOB, M W  YOW 
40% mortality to M drene, M. rnercmatfa md P. pu&; 
lM-UreB 

39 STAMFORD, COWCTICWT - 10% mrtrplity to P. pugio 

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

39 NEWPQRT, MODE BLAND 
0% mow@ to P. pug& 

62 BALTIMORB HARBOR, MARYLAND - m t  bxIc  to mummichoge CrZm 5.1 f 35) And e t (TLm 5.9 f 3.4) - lemt toxk to munanlchog (IZm 43.2 t 31.1) &pot (- 24 k 56) 0.4 k 0.1 

64 GEORGB'IDWN W A N  DREDGED MATERIAL DISWAL SITB, 
SOWd CAROLJNA - no effects upon benthos species rlchw~:r or ab- 

75 TluNImwERTEm - significant mortsllity to D. m a p  - low IXlOdf ty  t0 De mQM 

40 CUBATAO RIVER, BRAZIL. - 28-h BC50 with D, similb 
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f q i Y b  *-Uc ~MmxitpUciintlnur;d) 

lRafm6r~rsls Blologld Appmackr Co~contraOfom (ppm) 

Hqluillbrlum Pdl* 

17 gpA acute nasrlne BP threekoild (@I% 'NX) 0.6 

4 BPA chrontc nwir~e EP threh1d (a% mc) OX13 

Sp&ed.I~dllnrt~nrt Biososayr 

63 

2.15 - 335 

18 kC50 of R abmdlre in 1M M m y  13.1 

I 

Ref ercncela 

43 New England interim high contPmlnntion level for dredge meterial >lS 'i 

1 , ,  20 BPA/ACQB Puget Sound Interim OitePia (central bmh background) 0.15 

Refexencea: 

1. BNer l r ~  d., 1986 43. NERBC, 1980 67. IbICOlbCX, 11979 
2. PI1 Ek1virom15ud SBNicea, 1988 44. RuWnstein et d., 1983 68. Bnbniclt et d., 1981 
4. Balm sr d., 1985 48. Salazsr et d., 1980 8. Mnddng et d., 1981 
12. Pavlw and Womn, 1983 54. Mabw sr d., 1984a 72. Ingamll and Malaon, in pmm 
17. Lyman at d., 1987 55. IuWug et al., 1984b 74. Tatem, 1986 
18. S w m  et d., 1988 56. Aadgsoa et d., 1988 75. Qaeh et al., 1980 
20. U.S. A m ,  1988 60. IUlmls BPA, 19811s 77. -, 1982 
23. Jansam, 1987 61. lllinois Wir, 1988b 79. 'PPajea and k 1984 
26, h W i a  er at., 1988 62, SBai ci el., 19% 80, %W T*, 1083 
29. FImrkb @I el.. 1986 63. biqpiumn ct d., 1976 82. QilbaPi st d., 1976 
39. 1Lsle !qmInit 1.977 64, Van blah er d., 1984 @ -Va&w, plmw we text 
40. -at ol., 1987 66. Sabm ~IXI S W ,  1985 
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, 

TalS1ZI#i. ~ ~ p l o ~ ~ ~ ~ ~ $ M a ~ ~ t ~ m W a m  *silttee for rmrarmug and 98 
coditritlom~ qdb-detenuind &we v a ~ c c  unmgcd h meding d m .  

Concenttaflons (ppm) Red Poho 

EP Chronic M a .  @I% 'IW 

A moderate amount of data are available for sedimenb to estimate effects thresholds 
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'Fable IS. Summary of sediment effects dab avipilable for nickel. 

Reference6 Bfologid Approachae Concentrationo (ppm) 

Agpewnt W e c b  Thneehold 

1 i986 PUGm SOUND ABT - R. abmnfue amphipi bioasaay - oyster larvae (C. gigas) bioaasay - benthic community con~posltion - MicrobxTH bioaaeay 

2 1988 PUGET WUND AET - R. abmnim amphipod bioassay - benthic community composition 

20 PSDDA GUIDELINES ( b a d  upon Puget Sound - srreentng level concentration - maximum level criteria 

e SAM FRANCISCO BAY, CALPPORRIM ABT - bivalve larvae bioaeea l - R, abmnius amphipdl loaseay 

Co-Occurrence Amalpee 

80 COMMBNCBMBNT BAY, WASHINGTON - Nghly toxic (15.7 f 3.9 dead/20) to R. abroniw 41 f 32 - Rlodmtely toxic (5.2 f 1.1 dead/201 to R. abwnfue 20f 13 
- least toxic (2.5 f 0.9 dead/20) b JL sbronius l 6 f  7 

- highly toxic (443 f 19% abnormal) to oyster larvae 30f22  - moderately toxic (23 f 2.3% abnormal) to oyster larvae 17f  8 - least toxic (15.1 f: 3.1% abnonnall) to oyster larvae 122 3 

47 



G M - a  Amly~ao 

29 WI]KBWNION,WASMQV61\DN - 95% wo*lty to H. aztm 

39 DWAMBH RIVE$ WA9HINGTON - &1Q)96 mortality to P. pardo 
W FRASRR RIVER, B.C., CANADA - sediment devotdl of ferall M. baltlricu - eecatmMeRt poplaw by fwd M. bdfb 

* SAN ~~0 BAY, C A ~ ~  - hifly toxic (67 f 118% mortality) to R. ahdue  - mc+deaa&ily toxic (33.8 f 4.7% mrWQr) to R. abrnfdw - lmt toxic (18 k 6.6% mir4aMty) to W. a W w  

- significantly toxic (42.9 f 19.2% mortality) to 8. abwdwl - not toxic (184 f 68% mteM9y) to R Abtoniw 

- himy toxic (92.4 f 48% abnormal) to bivalve h m e  - rnodeaetdy kndc (594 f 11.3% snbnomnaU to Mvalve h w e  - Iemt t9& (233 f 73% abnormal) to bivalve h i a e  

- significantly toxic (55.7 f 22.7% cpbnod) to Blwdve lame - not W c  (31.9 f 155% abnod) b Mvdw h a e  

49 PAWS VBRDBS, CAWORMA - "major d q p d a t i ~ n ~  to hwhnthosl(202 q/al m q.) 

55 LRauc GRIZZLY CBBIIK, CCAWPOWA - signlbicant mortality to D, n l a p  end H. lLBPts 

!% S O U ~ C A U F O R N P A  - significantly toxic (51.G% mortaUIty) to C. joponfca - not toxic aa2% mrQaBity) to G. japoniaa 

39 LQS ANGBLBS W 1 B e ) R ,  CALWRNLA - >SO% mortality (0 P. pu& (20% elubiate Woareeay) 

72 WAUdCXGAN HARBOR, ILLJNOIS - Mgl4Jy toxic (663 f 4.25% mr)-Aty) &o H, arrtnca 

74 SEIR'ilQYGAN PWFR, "W§COXdSIP? - dpifimt aw.tallty to prawc ?&. mm:Bet@i 

55 PPrZZ,LXS 43MN OF LAKES, WECONSIN - d@ficwm\t lMWbUi@ b D. ?W@M (n = 1) - low mor9aMtgr t-o D. msgm (n s 5) 

KKfrVEENAW Wr2l%RWAY, MCHIGAN - -na~y toxic to D. - mt t ox i c  -9 0, lDUlgm - Inem mmtr&fjm in M@y to* ( m M )  sdmen9s (to D. m& P a 9  - man coxmtratS~n in least toxic (wuOharPI) eeCeiments (to D. m a w )  29 

I 





J t .* **aJ$~t&:f~#f;~~q~~~~$~Q!y$y$~ 7/?xf%qq3~%,~4P4FY447fi"'jK*$~fln-*"1' I-" t 

Table 15. Nick1 (g(~ntbued1 

Babarencece B-dB Appmlarb Coaceslepat.lsnsa (ppm9 

23 Rottedam &&QR rPecaima\t quality cladhQom - Clam 1 (slightly contamtnated) 015 - Clam 2 (mxlmoely conbmhted) 3566 - Clam 3 (contadnatal) 6MPO - @law 4 '(heavily eontenrina(ted) *80 

Rcferemcaa: 

1. Bellar el d 1986 43. MERBC, 1980 71. S W  er al., 1984 
2. E'lZ En*nmatal Services, 1988 49. S w m  et al., 1985 72. In- and Ne)so$ b p 
12. hvlou and WesrOn, 1983 54. WIalzug er al., 1984a 74. Tam, 19N 
20. U.S. ACOB, 1988 55. Maleug et al., 1984b 75, @dm ei 1, 119M 
23. Janscn, 1987 56. andason ec d., 11988 77. MCQ~GCI, 1982 
29. Yab et d., 1986 412. Tad ei d., 1975) 80. Tam Tab 1984 
39. Lee and Mdani, 1977 64. Van blah N tal. 1984 82. 0ilk;rt et al., 1976 
40. Zalte#o er al., 1987 68. BWck er al., 1!Wl a -Various, p h m  r#sa ml 

Table 16, !Bff&cb rage-low and effects rangemed8an vPueo fw d&e1 md 88 
conceatr&(Ulom uared to detemba theas vduee m m ~ c d  OPO mcmdln~ order. 

ConcenaPaQiom (ppm) &d Point 

21 Mnssachum Bay benthos COA 
28 h$eC Sound, Washington, AET - MicrotoxTM 
30 BR-L 

97 Baltimore Harbor, Morprlandi, bioassay CQA 
100 Keweenaw Rlver, Michigan, Woaesey COA 
PO9 Keweemw  rive^, Michigan, Mlloaasay COA 
110 Sheboypn River, Wisconsin, bioassay CQA 
150 Torch Lake, Michi bioassay COA 
350  lips -in of EL, wiamnsin, ~oasssy COA 

.- 
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to freshwater or tern may occur at 
~ 0 m t t 8 ~ ~ ~ ~ ~ ~ w a t o r ~ ~ i h o u l d  mt 

The p10poaod - ~ U O ~ B .  8IWht! *B@P 

A relrtively emall amount of data exist for relatin the concmtrdtione d eilvw in 
lecumantwa mesum of effecta (Table In. DBtidtive A h a  for Rapt So& mtlM not be 
ce"lcrIss.te8 for many of the biological end In@ mi, therefore, reported an @eaoolI.thn 
vaiium c ~ ~ ~ c u m n e s  wlyeea were gnned with d.h hOxn CO-dt Bay, BM 
Pra:nciecm by, and routhern llifornfle Sublethal mte of snl&nDMs horn the Strait of 
Qeorgb ware prfonnwi with Mwoma bsStMaa. 

of confidence In the silver BR-L and BR-M values should be c o n e i d 4  ars 







E(nd Psfnt 

Pugat Sound, Washington, Mosleso COB 
M. Imlthh avoi- Moamiy 
Seur Francisco Bay, Cdlfornlra Bloamy COA 

Becauee of a lack of data, no consensus values can be determined for the concenhrrtione of 
tin in eedlmenta that are asaodated with biological effects. 



z ~ ~ ~ . ~ ~ ~  :benthoe +wen, obeerved a t  the ch~getown, bu th  Carolina &re sal mite. 
1@Q~im&i4j~.-Wf?%n bxldty .M dne c~mbnations w u  ap-t in ,Wts 4S!?&1batao 
j81-a NO o p ~ r d a n ~ ~ b e m  ctal8ab- of h t h o e  and m m t n t i o m  
wav$j '"' ;ma fw wuthwn Cdlifornia. A relative1 poor correIrotion W W ~  88pe~ieb 

*c cmcentnstlom in NOW- qorJs wu, nported. A lshtivew a- &' .--a 
! -&dI 't liJ ;zbc connentrations were rqwYbed for sediment8 from the Kiehwalaltee River, 
&36f6i A rdlrtivB1y p o ~ r  correlation batween M, badtklm bunowlng Mme and dnc 
ratttetWdons wae wpmbd. ReInatld p r  c o e o e ,  between toxic1 to mphlpods andl 
dnc c o ~ t r a t l o ~ ~  was apparent in & data from $an Rand8co Bay. eee data wsre not 
~oneidered h the e@tlmation of BR-L and 5R-M wlum (Table B-10). 

K 

The dsagee of confidence in the ER-L and BR-M valuee for zinc should be considered aa 
relatively hi h Both of the veluee are supported by a consistent clueter of data derived 
from more & one data set and/or approach, The available data etron y su 
s u b ~ e ~ ~ ~ l  and other sensitive measures of effect8 occur at ztnc concentrations o f a b o u S k t Z  

m and that effects almost always occur at or above zinc concentradons of 260 ppm. 
owever, several of the Puget Sound ABT values and the two EP thresholds su eat that W 9 thmeholde tor effects occur at concentrations much higher Uan the BR-I, and ER-M ve ues. 

Table 19. Summary of w d h ~ t  effects data avallablt for zlnc, 

Referenccr BfologicaS Approaches Concentrations (ppm) 

1 1986 PUGBT S O W  AET - R abmnius am htpod bioassay e - oyeter larvae ( . glgas) bioaasay - benthic community composition - WcrotoxTM bioassay 

2 1988 PUGBT SOUND ABT - R. abronius am hipod bioassay e - oyeter larvae ( . gfgue) bioaeeay - benthic community cornpoddon - MlcrotoxTM bioassay 

20 PSDDA GUIDELINES (based upon Buget Sound ABT) - screening level concentration - maximum level criterion 



Table 1% Z h  dcontlnaed) 

!Rebsgutnesm llliolqjicpl Apamactnm 

A p p m  WItW Thmrhold 
@ SAPJ FRANC- BAY, CAEIltaOm ABT - bivalve larvae blomm G - 8. abrodw amphipod oaesay 

C~Occlurmmre AmaIIyme~ 

0Q C O M M I J N C B M ~  BAY, WASHINGTON - Mfly toxic (15.7 f 3.9 deaA/U)) to R, abrordtur 981 f 1373 - moderately toxic (5.2 f 1.1 dead/20) to R. abnmlua 211 f 342 - 1-t W e  (25 f 0.9 dead/20) to R. abmnlw 1Wf 79 

- highly toxic (445 f 19% abmnnal) to oyster larvae 387 f 783 - moderately toxic (23 f 2.9% l a b n o d )  to oyeter larvae 185 f 335 - leaet toxic (15.1 f 3.1% abnormal) to oyster hrvae 107 f 122 

26 PUGBT SOW, WASHINGTON - non-toxic (>87.5% survival of R. abmnlu) 114 f 52 - moderately toxic (473% to 295% LPL to R. abrodrrs) 195 f 166 - N@ly toxic (95% LPL to R, abronius) 707 f 955 

29 LAKB W O N ,  WASHINGTON - 9596 m~rterlity to H. s ~ t e ~ a  320 

39 DUWAMISH RIVRR, WASHINGTON - 0.10% m0Wlity to P, ~ U @ O  72 

77 PRAsBR RIVER, B.C.,CANADA - aedlment devoid of Me balthh 169 f 53 - sedfment populated by M. balthh 65f 19 

67 SIWW OF GEORGIA, B.C., CANADA - elfleant inmase in burrowing t h e  (BT50) of M. ballhkea 109 - etgdicant 244 avoidance behavior among M. balthiua 172 

* SAPI FRANCISCO BAY, CALIFORNIA 
- highly toxic (67 k 11.8% mortality to R. abronlus 187 f 115 - moderately toxic (33.8 f 4.7% mortality) to R. abronius 146 f 73 - least toxlc (18 f 6.6% mortality) to R, abronlw 171 f 91 

- significantly toxic (42.9 f 19.2% mortality) to R. abroniurr 158 f 87 - not Ooxlc (18,4 f 68% mortality) to R. sbrordurr 177f % 

- highly toxic (92.4 f 4.5% abnormal) to bivalve larvae 205fW - moderately toxic (59.4 f 11.3% abnormal) to bivalve hrvae 172 f 92 - least toxic (23.3 f 7.3% abnormal) to bivalve larvae 89 f dl 

- signihcmntly toxic (55.7 f 22.7% abnormal) to bivalve larvae 154 f 91 - not toxic (31.9 f 15.5% abnormal) to bivalve larvae 136 f 78 

50 PAL05 VERDES SHELF, CALIFORNIA - "major degradation" to macrolwnthoe (20,2sp./O.lm. sq.) 739 f 139 

5 

I 

I 



- M A  total abundance (88.9 f 3SR/0.1 m. m) I 

74 SHEBOYCAN RIVER, WISCONSIN 
.il - elgnfficant rno-ity to prawn, M. roaevlbwgii ' , :. 290 f 10 

72 WAU#BC 3 4  HARBOR, ILLINOIS - highly toxic (663 f 4.S% mortality) to H, ozfeco 

61 KlSWWPiUIGElB RTVBR, ILLINOIS - least number of benthic macroinvertebrate tam (8.4 f Ob/elta) 107 f 31 
Mgheat number of benthic macroinvertebrate  taw^ (163 f 4b/eite) % f 52 

54 IfgWBENAW WATERWAY, MICHIGAN 

- mean &bentratton in least toxic (southern) eedlmta to 



Refmncam B i ~ I q h p l  Approache@ 

C o g ~ m l c e  An@mes 

ss mmuucak1kc~~ - significant morta1ity to D. magna and H. Nmbate. 

75 'x'iwum IWm, nw - dgdficrant mortatlt,~ to D. m a p  - low mortality to D. magma 

39 NEWPORT, RHODE I S W  - 0% mortality to P. pug& 

n BUCK ROCK H ~ R ,  CONNECTICUT - 100% mortality to polychaete, N. drm 

39 faFmRD,coMNBCTICUT - 1096 mortality to P. pugfa 

39 NORWALK, CONNECIICUT - 0% mortrpllty to P. pug& 

79 HT,JDSOEJ-RARITAN BAY, NEW YORK - negative rate of growth in nematode, C.gennanlca - positive rate of growth in nematode, C.gmnnnicP 

64 GEIQRGEIOWN OCBAN DRlBffiBD MATRRIAL 
DISPOSAL SITE, S U T l r 3  CAROLINA - no effects upon benthos frpedea richnew or abundance 

40 CURATAO RIVER, BRAZIL - 24-h BC-50 with D. sbillts 

41 NORWBGIAN WORDS, NORWAY - 50%  reduction^ from m u  in Hurlberf'a benthic epwiee diversity index 80 

Equilibrium Pdtlonllr~g 

17 EPA acute martnib EP threshold (Q94%TOC) 
4 EPA chronic marine EP threshold (GMSb'IWl 

Spiked-Sediment Bioaesays 

11 54.7% dead out of 53 R. abtonius in 72-h bioassay 
67.2% avoidance, out of 59 R. abmiw in 72-h,2=cbice experiment 51 
66.7% avoidance, out of 45 R, abmnlus, in 72-h, 2-choice experiment 188 
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4 .  

18 LC50 for R. abmnius in "r bioassay 276 F. 
i 

63 Activity behavior of Pontopords aigntftcmtly d e c r e d ,  540y c#goeun? 59-12A 

27 Le(15 for Zn and LC76 for Cd, R. dronftre, 7'2-h b i o a ~ y  79 
LC08 tor Zn and LC98 for Cd, R. ubtoniua, 72-h bloaseay 76 

-- 

Ref rucnces Bakgrowd Approach Concentrntions (ppm) 

- ClasstHmtlon of heavily p6lfuted aedimnta >UIQ 

43 New angland tnterirn high contamination level for dredge material MI0 

atario ~inistrv of the Environment Wac ~mjl  ~uide~ines  IOO 

20 BPA/ACOE Puget Sound Interim Crlterla (central basin background) 105 

- Class 2 (mdhehteliy contamirurted) 370-1160 - Clnea 3 (contaminated) Y 
I 

- Class 4 (heavily contaminated) ~2330 I 

I Ref arencce: I 
1. B e b  et al,, 1986 40. Zagam et al., 1987 68, Balrnick er al,, 1981 
2. PTI Environmental Serwices, 1988 41. Rym, 1985 71. Simmae ct al., 1984 
4. Bolton ct al., 1985 43. NBRBC, 1980 
11. (Mccbn at at., 19848 SO. Swam el d., 1986 74. Tatem, 1986 
12. Pavlou and Wmlon, 1983 94. hialeug el al., 1984a 75. Qasim el ul., 1980 I 
17. Lyman et al., 1987 55. W e u g  ct al., 19Mb 77. Mc(3reer. 1982 
18. Swam st al., 1988 56. Anchon  et al., 1988 79. Tieljen and Lee, 1984 

26. DeWlta et d., 1988 62. Taai et al., 1979 83. Wad and Meams, 1979 
27. Oakdsn et al., 1984b 63. hdqnuson ct 01.1976 * Various, PLonst see text 



they may haw! s relatively m h m  role h cauein~ biofogical cfkb such acute mWty 
relative to other c o o c e u q  c0lb-k 

Table 2l. S- of eedirwsnt efdccte data invdlabPe far B ~ r .  

Rederetncsa Blloghd Approachera ConcentxaMspae 6ppb) 

Apparent W e &  'FBureebald 

1986 PUGBT SQURlD JUT - 8. abroniua amphtpd bfoaeeay - Qy8W larvae (C. gigas) bioassay 
-benthic community c~mpeltion - McrotorrM bioassay 

1 9 1  P U G E  ~~ ART' - R. abronlus amphipod H o m ~ y  - oyeter larvae (C. @gas1 bioaesay 
-benthic munity~~rnpawltfon - McrotoxT~ bioamay 

20 BDDA GUIDB'ILl[hlES (baeed upon hgea Sound AET - ecreening Iwel concentration - maximum level uitetlon 

@a-Occurrence Aninlysea , 

80 COMMENCEMBhlT BAY, WASHINmN - highly toxic (15.733.9 dead/2O) to R. abrom'us - moderately toxic (5.2kl.l d&/20) to R. abronius - least toxic (25f0.9 dcad/20) to 8. abroniw 

- highly toxic (rllg.5&19% abnormal) to opW larvae 368 f 695 - moderately toxic (2332.3% n b m d )  to oyster larvae - lewt toxic (15.1f3.1'16 abnormal) to oyeter larvae 

26 PUGET S O W ,  WASHINGTON - highly toxic (~95% W L  to R. abrontrrs) - moderately towic (475% to >95% LPL to R. abronius) - non-toxic (287.5% atPrvival of R. abmnius) 

29 LAKE UNION, WA~HWGTON - 95% mortality to Bi. nzteca 

§AN FRANCISCO BAY, CAUFORNIA - highly toxic (67 f 11.6% mortality) to R. dronius - moderately toxic (33.8 f 4.7% mortality) to R, abrodus - leaet toxic (18 f 6.6% mortality) to R. abronlus 94 f 147 

- eignificantly toxic (42.9 f 19.2% mortality) to K. abmnfrrs - not toxic (18.4 f 68% mortality) to R. abroniue 

- highly toxic (92.4 f 4.5% abnormal) to bivalve Imae  164 f 100 - moderately toxic (59.4 f 113% abnormal) to bivalve larvae 116 * 232 - least toxic (23.3 f 7.3% abnormal) to bivalve lame 
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83 - low echinoderxn a-ance (6.1 f 72/0.1 aq. m) 1300f2700 - moderate e c l M m n  abudanse (56.2 f N0.1 eq. m.1 Nf5Q - high whhodem abundance (1913 f nl.1/0.'11 q. m) 20f 20 

- low a r t b o d  abuncimm (353 f 158/0.1 w. m) 

- high eped& richnew (%3 f 223/0.1 q. h) 
- low total abundance (57.6 f 13.6/0.1 aa. m) 

66 SAN DIEGO BAY, CALIFORNU - 282% survival of C. sdlgmaet68, A. scuipta, A. fonsa 25 - 286% survival of A. sculpta, Pf. a r e d e n t a t a ,  M. wuta Z!5 

60 DUPAGE RIVBR, ILLINOIS 
-least number of benthic macrohvertebrate taxa (6.7 f 25/site) 190 k 214 - highest numk of benthic macroinvertebrate taxa,'(158 f 2/site) . 31 f 19 

61 WSWAUKHE RIVER, ILLINOIS - least number of benthic mcrohvertckipte bus (8.4 f O.5/site) 128 f 264 
-, Mghest number of benthic macrohverkebrcate taxrn (163 f 4.6/eik) 7 k 6 

- -,--,- -- - low MicrotoxrM toddy  ( a v k g e  sdjO of 368.1 f 101.7) 
- 

h-774 - 

69 MISSISSIPPI RIVER - 80 to 100% survival (92 f 6.3) of G. ,weudoJimnaerie - 25% eurvival of mavflv Wcxaxntira m.: n = 1) 



1 li HUDSON-RiWTAN BAY, NEW VORK 

82 ~ A C W U 9 ~  M Y ,  MASSACHUSBflTS - low benthaa medm rkhnem (31 f 65/O.P ecr. a) I !if5 
m) Sf§ 

m BLAcK1PDC#~~m]MNBmCUT - alflficant toddty to A abdih in 1 W y  biomy 17W 

- negptlve rate of p w t h  in nematode, C.gm~l~nisP 638 f 512 - podoive mte of gnrnvth in nnnmabde, C.gmnaPrfca 290f !HI2 

44 NEWYORKHARBOB - dm m~rtality to M of~m, M. mmtmtla,  P. prgfo m 

- moat toxlc to rnwmnkbp CIZmS.1 f 351, epot (TIA3.9 f: 3A) 1100f 800 - lmt toxic bD mummichop CPLm4139 f 31.1), spot C s L d  f 5.6) 180f 160 

- 

5 Freehwater d m e n b  @ 1% TOC 2.9 
Marine aedlmento 63 1% XX 42.6 

- Claeeification of heavily polluted eedfmente 2 1 ~  

- - 

on V guideline for plIutlon clamificsnaion of ~ I m s n l s  10=10d#10 
USGS ert levels to flag 15.20% of sample8 analyzedl 20 

64 ! 

14 Marine eedlr~lente 8 1% TOC - 36.6 

E c p ~ i l l b d ~ ~ ~  B t d C i ~ ~ g  

4 BPA chnic  marine BP threshold (@4%TOC) (hexaCB) 280 

Spiked Sedlhant Bloasuroye 

18 LC50 for R. abmntus in 1M Moeesay 1W 

65 significant toxidty to R. abroniw in 104 bioaseay 10W)f 300 

43 New Ettgtand interim high antamhation level for Qdg materia1 1000 

Ontario Ministry of the hvironment W g e  SpL1 Guid?\ines 50 

20 . BPA/ACOE Pug@ Sound Interim Criteria (central b i n  hclcpund) 380 



I. Balllzs cr I, 1986 24. Raw et d., 1988 64. Vm DoW et d., 1984 
2. F'll ?kdca, 1988 26. DeWb et d., I N 8  65. ~~ et 4, 1988 
4. Bolton kt d.. 1989 29. Yab es d, 1% 66. Sahzsr rmrf Smlazm, 1985 
5. Neff el d., 1985 43. NERBC, 1980 68. B&& et l, 1981 
7. CRapsnan st ad., 1987 44. R u m  cr d., 1983 69. Marking cr al., 1981 
12. Pe,vh W m ,  11983 56. An&m et d., 191  75. @dm cr d, 1980 

20. U.S. AWE, 1988 61. Illinois R P i  198Ilb' . 82. OUbwt es &, 1W6 
23. Jaman, 1987 62. Tenl w al., 1979 83. W d  and Mamu, 1979 
* -Varlolur, plcaae see text 

Table !&Z Wrcb range-l~w and effecte rmgerned1lan vdum fox PCBs a d  34 
eomcentadorua wed ta detePnnke ma: vduae mm8od in mcendlng order. 

2.9 Frmhwabr SLC 
36.6 Raarim SLC 
42.6 Marine §LC 
!HI EX-E 
58 §am IPrandsn, Bav. California AET 

140 Cb-mmm-t Bav.~m~hineton biomav COA 

280 
368 C o - m t  Bay, Washington biaassay COA 
&MI PBR-M 

Southern California benthoe COA 



Tdble 1% (con9krued) 

Concentratlone (ppb) Bnd Point 

loo0 * 1100 
SSD with R. abronflce (PCB6 mixed with hydrocarbone) 
Puget Sound, Washington AElT - oyeter 

1100 Pu t Sound, Wmhington ART - benthic 
1110 Ba r timore Harbor, Maryland bioassay COA 
1100 Southern California epedee rlchnem CQA 
1300 Southern Califomla echinoderm abundance COA 

3SWQ Waukegan Harbor, Illlnoi~ blolassey COA 
1141300 Waukegan Harbor, Illinole bioassay COA 

1 

DDT and Mstabolltee 

66 



Tdbla 23. S~nmraimy af cedheat efh* dab available for p,ptsDDT, 

Bi Jsgfcal Appmafheo Concentaatfonl~ (ppb) 

A ~ B P u \ ~  laffih~b = ~ h d d  

1986 PUOET SOUND BET - R, abmnlua amphipod b i o m y  - oyster larvae (C, gig&) bloaasay - bamthlc ammlanlty composition 

1988 PllGET SQUWP) ART - R, abroniw amphipod bioassay - oyster larvae (C. g f p )  bioassay - benthic cammunlly romposition 

C~Qccwfence Analysam 

SAN FRANCISCO BAY, CALIPORIUIA - highly toxtc (67 f 11,82 mortality) to R, abronius - moderately toxic (39,8 f 43% martollty) to R, abroniws - leaet toxic (18 f 6.6% mortality) to R. abtonlue 

- slgnirtcantly toxic (42.9 f 19.2% mortality) to R. abmnfue - not toxic (18.4 f 6.8% mortality) to R. abronlua 

49 PALCIS VERDES, CALIFORNIA - fiignific~ntly toxic to R. abronius (n = 2) - not toxic to R. abmnius (n = 1) 

64 GEORGETOWN OQeAN DREDGED MATERIAL 
DISPOSAL SITE, SOUTH CAROLINA 

-no effects upon benthos spedee richness or abundance 

Bquillbrluna Partitloxdng 

17 EPA acute marine EP threshold (43 4% TOC) 
EPA ohronic rmPrlne EP threeitold (@ 4% TOC) 

EPA chronic marine EP threehold (@ 4% TOC) 
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TsbPc W, Bffects xwe-low and effecb rarye-median value@ f a  p,pV-DDT and PIE 
loonccntratlom ueed to detennhe thew valuee arranged in aeccnding order. 

- 

End Palnt 

1.0 BR-L - 
1.6 

I 
BP chronic eafe level 

3.9 Puget Bound, Weehington, ABT - amphipod 
6.0 QP chranic marine 49 4% TQC 
6,4 EP chronic marine @ 4% TCX 
6.6 Sm Pranclsco Bay, C 
7.8 IE1RwM 

EP acute safe level @ 1% TOC 
EP acute marine @ 4% TOC 



Tutbkc 15, Summary af sediment effecta data avcrilabla! far DDR 

Rcferanaee BPolcpg;lcd Approaches ConcenOraDione (ppb) 

Appatent Wfmb Threshold 

1 1986 PUGBT SOUND AET - R, abronius amphipod btoaseay - benthic community composition 

2 i9M PUGKT SOUND AET 
- R. abronius mphipod bioassay - benthic community composition 

* SAN FRANCISCO BAY, CALIFORNIA AET 

Co-occusrence h l y l ~ e s  

* SAN FRANCISCO BAY, CALIFORNIA - hlghIy toxic (67 f. 11.8% mortality) to R. abronius - moderately toxic (33.8 f 4.7% mortality) to R. abmnius 
1 - 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'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 22.7'56 abnormal) to bivalve larvae 2 f 3 - not toxic (31.9 f 15.5% abnormal) to bivalve larvae 
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/ - 90% & 5.8% survival of mi&ee (C, tentans), 4 4  b t o k y  

64 GBORGffKlWN OCBW DREDGED MATERIAL I 
Bqulllbtlum Partitioning 

4 \ EPA chmdc h n e  BP threehold (@4% 'IW) 

17 BPA acute marlne EP thwehold (a% TOC) 

a5 Safe level based on aedimcnt/water partitioning coefficient, 
amte water quality criteria 7 W  

13 99 percendle chronic mwlne pem\lssable (eediment/water 
d t i o n  coeffidcnt) 27 

1. Ballor ct al., 1986 13. Psvlou el al., 1987 50. Swartz el ul.. 1986 
2. PTI Bnvironrr~antal Services, 1988 17. Lyman et al., 1987 69. Marking el al., 1981 
4. Bolton et al,, 1985 25. Fsvlou, 1987 64. Van Dolah et ol., 1984 
5. Ncff et al., 1986 49. Swartz er al., 1985 * -Various, please see text 



Table 26. We& nngf-low and effectm aqe-mediarc value19 for p,p9-DDE and l!3 
C Q ~ C Q ~ & ~ ~ ~ O M  ured 80 determine timeat valuer arranged in eurcendlng ondu: 

@oncentae%ions (gpb) Bnd Point 

BP acute marine 8 1% TOC 

Table 27. Summary of sedimenl effects data available fm DDD. 

Referencee Biological Approachee ConcenOratlons (ppb) 

Apparent Effecb Thte1101d 

1986 PUGET SOUND AET - R. nbronius amphipod bioassay - benthic community compsltfon 
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Ref erencte Biological Approrcht~ Concentrotlono (ppb) 

Apparent Wfeatm Tlwuhold 
5 I 
i 

i 
2 19819 PUGBT SOUNI4 BLET - R. abwnius amphipod bioaaruny 

I 
: ~t -benthic community cornpodtion 8AN FRANCISCO BAY, CALIFORNIA, AET 
I - bivalve larvae biomria Z - 8, sbtoniuu amphipod ioaaeay 

- d 6 r a t e l y  toxic (33.8 f 4.7% mc;rtality) to R. abrodus If1 - least toxic (18 f 6.6% mortality) to R, nbronius . , 1. f l 

- significantly toxlc (42.9 f 19.2% mortality) to R, abrqrJu8 I f 2  - not toxic (18.4 f 6.8% mortality) to R. abmnlus 2 f 0.1 

- significantly toxic (55.7 f 22.798 abnoml) to bivalve larvae 13 f 21 - not toxic (31.9 f 15646 abnormal) to bivellve llawee 13f 9 

49 PAL09 VBRDES SHELF, CALIFORNIA - slgrcificantly toxlc to Ro abronius (n = 3) I( - not toxic to R, abroniusr 324 f 3873 

- no effects upon benthos ~pcdos rlchneee ar abundance 

~quilibrlum Pdtionirrg 

17 EPA acute marine EP threshold (@ 4% 13000 

4 EPA chronic marlne EP thrcel~old (@ 4% TOC) 13000 I 
13 99 percentile chronic marine pennimble (BP 1% TOC) 6 

95 percentile chronic marine pnnirwable (@I 1% TOC) 22 

25 Sediment safe level based upon sodime'nt/water parl2tioning 
coefficients and acute water quality crtterla (QO 1% TOC) 3250 

1. Bella et al., 1986 13. Pnvlou GI d., 1987 49. Swnrtz et al., 1985 
2. PIl Environmental Services, 1988 17. Lyman el al., 1987 64. Van T4i,lah et al., 1984 
4. Boltan el al., 19135 29. Pavlou, 1987 * -Various, glcasc semr b x ~  



TaIb;la.,2B. lWebte rangjelm and effects mge-medim vvaluee~ for p,pv.l[)DD mil 7 
conccmhaUone used to datcnnhe @ m e  valuea, ~ q c d  in ascending orda. 

IBR-L 
Pupt Sound, Waehington, ART - benthic 

centile chronic marine @ 1% KX 
ap Pug& 9g p und, Washington, ABT - benthic 
BR-M . 

kile chronic madne 43 1% TQC 
Washlngton,.MT - amphipod 

BP Acute Safe Level @ I %  TOC ' ' 

BP Acute Wne @ 1% TCK 

Data avaflablo with which to evaluate total DDT Ca summation of all the quantified 
ieomore) include those kom muthm Callforda bloaseays and benthic cornmunitlee; DuPage 
River benthic cornmunillee; Trinity River bioaamys; SSDs performed with Ne~du Plrens, 
Crangon septemspinoea, El allella aztecu, and R, abronlus; and varlous applications of BP 
approache8 (Table 29). d! e DDT W 0  for the C. ecptme noea aedixncnt bioaaeays wao 
reported a# ug/L in the date table and u g / h  in the text (Mc c!ww and Metcalfel 1980); I t  was 
aseumed that the unite of u /kg were correct and they were used in the pneent document. 
Them was no concordance 6 etween mcpn DDT concentretlons md both ht h and moderate 
btd abundance and htgh and moderahe spcciee richnc~s among southm 8 allfornla benthic 
communltim, w, these data were not ueed in the estimation of ER-L and ER-M values (Table B- 
18). ?'he lower 10 percattle of the remainin data (Table 3Q) suggeet an ER-L value of about 
9 p b, a value poorly mpported b two 0f-dc~dsdvrd thresholds (1.38 and 3.29 ppb) and a 
h a  R water $LC (1.9 p b). The ER& value equivalent m thc 50 percontlle of the available 
data le about 350 pp ! , a value eupported by observations of moderate abundmcae of 
a r r ~ o ~ s  in eouthm Callfornla sePilmante ( m a n  350 ppb) and low taxa rlchmm in DuPa 
Mver maerobenthoca (man 222 ppb). The mriee of SSBs with H4 nzteca demonstrate t E@ e 
Im rtance of or nic carbon in regulating bloavaihbillty, and, therefore, toxlctty of 
~ r n e n t ~ a ~ B a d a t $ ~ ~ ~ .  Them was no overall uppaant threehold in concentration of total 
DDT above which effects wan! usually or always obecrved (Table B-15). The degree of 
confidence in the ER-L and ER-M valuee should be corrsidered as moderate. A moderate 
amount of data ere available and they are from all the major approaches, however, there L 
very Httle clustering of the dab. 

Table 29. Su-w of eedhent effects data svdlable fos 6b.l DDT. 

Ref e~enceer Blolo~ical Approaches Concentrations (ppb) 

20 FSDDA GUIDELINES m e d  upon Pugel Sound AET) - screening level concentration 6.9 - maximum level criterion 69 

56 SOUTHERN CALIFORNIA - significantly toxic 81.7% mortality) to G. japonica 68U2 - not toxic (232% mortality) to 6. japnicn 
(includes Palos Verdes sample) 1018i2424 

- not toxic (21.3% mortalitv) to G. iamnicu 



RsPc~encas Blologiai Approaches Concen&atlo~ (ppb) 
i 

60 DUPAUR RTVHR, I L L ~ O I S  - least number of benthic macralnvmbratc trwa (6.7 f 2J/dta) - highest number of benthlc macrotnvertcbrate tPuca (15.8 f: 2/sit0) 20 k 18 

1 National Sccracanlng Law1 Cancenhratlans 1 

6 BPA interim m i n e  sediment quality dteria bawdl upon BP @ 

35 hth1 thwhald In freshwnter based on Koc cocfflcientrs 45.9 

Spiked-Sediment Bloassnp 
i 

42 ,LDSO for cricket nymph, G. pennsylaanicus In 18-h bioassay 67232 

34 LC30 for N, uirens in 288.h bioaasay (no deaths) 16!W 



i Table 29. D1D'r (contsnued) 

I 

RaPcrmnces Blologlcml Appwwhss @oncermOrakiona (ppb) 

12 USES alert level8 to &g 15-20% of eampleg alnalyzed 20 

20 BPA/ACOH Pu@ kund htesfm Critmfa [central bnein backpund) 5 

23 Itotterdm Harbor aedirnent auaiih clneelficatione 

5. Nan at d., 1986 20, U.S. ACOE, 1988 43. NERBC, 1980 
6. BPA, 1988 23. J n n ~ ~ n ,  1987 56. A n d m  at al., 1988 
12. hvlou and Weau~n 1983 34. WBcLaw cr d,1982 75. Qaelm rt ad., 1980 
13. hvlou crr al., 1987 35. ~ o r s d M c ~  1980 83. Waarll and hdmm, 1979 

Tabla 50. W s c b  range-low and effect8 range-median vduelp for total DDT and 21 
concenlbrstions used to detamhr tlheee valuee arranged Ln aacendtng order. 

Trinity Wver, Texas, bi;amay C O ~ '  
Calculated freshwater EP threshold 
Southem Callfomie echinoderm abundance COA 

Marine SLC QD 1% TOC 
Marine SLC 63 1% TOC 
Overall LC50 for R. abronius bloasvay 
SSB LC30 H. aztwr bioassay @ 3% XIS 



Table 30. daoratinuced) 

In bioaaaaye of mrlne fish and macroinvertebraG8, 96-11 LC308 of 0.077 to 1W ug/L 
(ppm) h v e  been obeerved for Hndane in aaltwater (Mayer, 19871. Date with which to 
awciate lindane concentrations In eedfmenis with measures of effects ore rceh.lctad to 

76 



fi Bquilibtltlm PatlMonllng 
1. 
7 
I 6 BPA interim marlne aedtnronl quality criW @ 1% TOC 187 
I 
7 

4 BPA chronic marine BP Uueslmld {PB 4% TOC) 12 
d 
I 25 &dlmwt a& love1 bPad upon sod&nnt/water ~ t i o n i n g  
r' Coefflcionts and acule water quulity miteria (@ % 'KC) 3.1 
1 

Bcfe~encse Baclgr011nd ir'pproach Concentmatlane (ppb) - 
12 USGS alert level to flag 1!5-2096 of sanrplea analyzed u) 

20 PSDDA guidellnea (traeedl upon onslytical capabilltiw) 5.0 
I 

1 

Reberenoes: 
I 

4. Botmn et al., 1085 20. U.S. ACOH, 1988 64. Van blah et al., 1984 



Blnlogicd ApproiacItrs 

Appvent i3ffr.b ~ h a h o ' l d  

Co-occurrence Analyses 

Not deteated 
Not detected 

- eignificantly toxic (55.7 k 22.7% abnibnomul) to bivalve larvae - not toxtc (31.9 f 15.5% abnormal) to bivalve larvae . 



- no effects upon benthos spies klchnm or abundance 

BquflibPfum ParLlttaning . 

39 Lethal thmthold in freshwater basad on Koc coeffifidente 17.4 

Spiked Sadbent Bioaeaays 

34 L W  for N. drem 55800 

35 LCSO for C scptemgn'nosa 120 

Rederenree Background Approach Concentrotions ippbb 

20 PSDDA guidelines (based on analytical capability) 
a m d n g  level concentrations 5 .O 

12 USCS alert levels to flag 15-20% of samples analyzed 20 

Ref csences: 

12. PavPou and Weston, 1983 60. Illinois EPA, 198Be 



San Frandw Brl, Califomla bioassay COA 
EP freahwater lethal threshold 

. . 



LEGS alert levels' to fiag 1520% of mmp1,les analyzed 

, . . ,. . . . 

Ref srancaa: 

5. Neff et al., 1986 20. US. ACQE, 1988 
12. Rvlou ancl Weston, 1883 29. J a m ,  1987 
13. Favlou d al., 1987 42. Harris, 1964. 





PabIe 85. DleldMm (continued) 

Befecences Bialoglcal Approaches ConcentraOlans (ppb) 

Spilced Sediment Biomaays 

34 LC50 for N, m'rem 1 3 W  

35 LC50 for C. mtemsDinosu 4.1 

Wfersnaee Backpound Approach Concentratlone (ppb) 

20 PSDDA guidelines (based on analytical capability) 5.0 

28 12 U S S  alert levels to flag 15 to 20% of samples analyzed 

43 New England interim high contamination levels for dredge material 100 

gi- RRPRRRNCES 

12. ~ a v l o u  and Weston. 1983 60. Illinois -EPA, 1988a 

t 34. McLeese et al., 1982 75. Qasim et al., 1980- 
* Various, please see text 

1 
/ 

Table 36. Effect8 range-low iond effeate range-median values for dleldrim and 14 
concentrationu used to determine theat values manged in ascending order. 

Concantratlone (ppb) End Point 

0.01 EP 99 percentile chronic marine 
0.02 HRvL 
0.02 EP 95 percentile chronic marine 
0.21 Freshwater SLC @ 1% TOC 

10.3 Ssn Franeieao BG, California bioaesai COA I 

11.9 EP freshwater lethal threshold 
16.0 DuPage River, llllnois benthos COA 
57.7 EP interim marine criteria 
199.0 HP interim freshwater criteria 
13Wil.O SSB LC50 for N, virens 



Mdrln 

The 48-h BCSOs for aldrin tested with pink shrimp (Penueue duor~rum) and blue crab 
(Callfnectcs sapidus) were 0.32 and 23 ug/L, reepectively; and the 48-h LC.& for epot 
(Ltlaetmue mnthunre) and mullet (Mugil cephslus) were 3.2 a d  2 ug/L, mpectively Wyer, 
1987). The criteria to protect freshwater and marine aquatic life are 3.0 and 13 ug/E, 
weptively (U.S. IBPA, 1986). 

determined from them. The remaining dab from four uses of the BP approach drndtate a 
range of threeholdo from 4.3 to 21 pb dw. The EPA chronic marine conmtpation of 21 pb 
would b v e  been 5.2 ppb ( q u a  to the concentration reported by Pavlou. 1987). Jan 

.. I 'F 

P 
aseumption of a 1 percent IOC content had been made in the dculation. There do not a 
to be any empirlul data to compare with thesc pralkled mnntrations, w BR-L and 
values were not determined. 

Table 37. Suimary of esdiment effects data available for dcPria 

References Biological ApgaacQee Concenbrsltions (ppb) 

Apparent EfiscOe Threshold 

* SAN FRANCISCO BAY, CALIFORNIA AET 
- bivalve larvae bioaess i! >1.9 
* R. abronius amphipod ioassay >1.9 

C:o-occurrence Amlyesa 

~t SAN W C I S C O  BAY, CALIFORNIA 
- highly toxic (67 f 11.8% mortality) to R, abronius 0.3 f 0.5 - moderately toxic (33.8 f 4.7% mortality) to R. abronlus not detected - leaet toxic (18 f 6.6% mortality) to R. nbronius detected In one sample 

- significantly toxic (42.9 f 19.2% mortality) to R. abroniua 0.1 f 0,4 - not toxic (18.4 f 6.8% mortality) to R. ahrodus 1.0 f 1.3 

- highly toxic (924 f 4.5% abnormal) to bivalve larvae not detecled - moderately todc (59.4 f 11.3% abnannall to bivalve larvae 0.2 f 0.4 
- least toxlc (23.3 f 7.3% abnormal) to bivalve larvae 0.5 f 1.0 

- eignificantly toxic (55.7 f 22.7% abnormal) to bivalve larvae 0.1 f 0.4 - not toxic (31.9 f 15.5% abnormal) to bivalve larvae 1.0 f 1.3 

Equilibrium Pautltlonhg 

13 95 percentile chronic marine 9 9 i y b l e  (sediment/water 
partition coefficient) 8.4 

99 peraentile chronic marine pcrmiwb1e (eediment/water 
partition coefficient) 4.3 

4 EPA chronic marine BLP threshold @ 4% TOC 21.0 

M 



Refuencer B i ~ l o g i d  Approaches Conccntratio~ (ppb) 

BquiUbrium Partltiodq 

25 Sediment aafe levels based on sediment/water partitioning 
coefficients and acute water qunlity criteria O 1% TOC 

Ref ercmcas Bockgto - Appmach Cancemtratione (ppb) 

20 PSDDA guidelines (based on analytical capability) 

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

Ref erencee: 

4. Bolton d al., 19B5 20. U.S. ACOE, 1988 
13, Pavlou et al., 1987 25. Pavlou, 1987 
* Various, please see text 

The ER-L value (0.02 ppb) is not supported by any empirical biologicel evidence from 
laboratory or field stoldlea and the degree of confidence in the value ehould be con~idered as 
low. The ER-M value (45 ppb) is supported only by the LC50 from a SSB (47 ppb) and not by 
ddence  from tmts of mixtures, as would be experienced in the Held; therefore, the degree of 
confidence In the ER-M should also be considered es low. 
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Q0~~0,ccurrence An01y'ara 

75 TIUNITY RIVER, TEXAS - ei&rdfiwt mortality to D. magw - )OW mortality to D. m a p  

M GEOR6BrnWN WAN DREDGED MATBRlAL 
DISPOSAL SITE, SOUTH CAROLINA - nD eff& upan benthos species richness or abundance 

Bquilibdim Partitianin8 

13 95 percentile chronic marine permissable (sedfment/watcr 
partition coefficient) 

99 percentile ahrantc marine pennlssable (sedlment/water 
, partition cocffident) 

6 EPA Interim d n e  sediment quality criterie 1% TOC 

95 LC50 for C. septernspikmi 

89 LC50 'for H. azteaa lip 3% TOC 
LC50 for W. azteca 8 6.1% KC 
LC50 for H. azteca 8 11.2% TOC 

BaekgroulPd Appmslch Concentrations Iypb) 

6. EPA, 1988 . 
M, Ravleu and. Weston, 1983 

64. Van Dolah et al., 1984 
75. Qasim et al., 19861 
89. Webeket ef, al., 19fN : 



Table 39, Hftecta rpnsclow nnd effecte ranpmfedlerm valuee for endrln and 13 
concentrotions uard to determine theno values axrangedl tn aecondfng order. 

EP 99 prcmtile chronic marlne 
0.02 BR-E 

EP 95 percentile chronic d n c  
El' interim marine criteria 8 1% TOC 

SSB LC50 C. septemspinoaa 
BP chronic diment/water marine QP 1% TOC 

321 .O EP chronic sediment/biota nnarlne I 1% TOC 
SSB LC50 with H, azteca @ 3% TOC 
SSB LC50 wtth H. azteca @ 6.1% TOC 
SSB LC50 with H, azteca @ 11.2% TOC 

28000.0 SSB LC50 with N. virens 

Mixex 

i 
Acenaphthene 

determination of ER-L and ER-M values (Table B-19). Alm, the southern California bioasea 
data showed no concordance with the acenaphthene concentrations. Becaurre of or srr .ai' 1 
gradient in the ace~pthene  concentxitione in Black Rock Harbor tlediment9, those data aleo 
were not used further. The samples from both Commencement Bay and Eagle Harbor that 
were moderately toxic to amphipods indicated a ec~all elevation in acenaphthene 
concentrations over those that were least toxic; thus the data were not u& for ER-L and ER- 
M determinations. 
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The degree of confidence In the ',..-L and ER-IM vdues should be corclrkdereal a low. 
WMle an ovenall apparent effect8 threehold oocure at the RR-L ooncwntration, thew i o  
mhtlvely poor dusterin of the data, the data are moatIy from rts of Pu et Sound, there 
are no itnglsehedcal8ijs d a 4  and the concentrations ~ v B t r o m  # e % ~  xmthod~ are 
not consistent with thaae determined in t a b  of flelld-eollected sediments. 

Table 40. Bummazy of sedinncnt effects data available ios acenaphthene. 

Bcfcrencee Biological Approachee Concentrations (ppb) 

Apparent Effects Threshold 

1986 PUGET WUND AET - R. abroniua amphipd bioaway - oyster larvae (C. gigus) bioaaeay - benthic community composition - MicrotoxTw bioassay 

1988 PUGET SOUND AET 

20 IJSDDA guidelina (based upon Puget Sound AET) - s m d n g  level concentration - maximurn level criterion 

SAN PRANCISCO BAY, CALIFORNIA AET - bivalve larvae bioassay - R, abronius amphipod bioassay 

Co-Qccwence Analysee 

SAN PRANCI!XO BAY, CALIFORNIA - highly toxic (67 f 11.8% mortality) to R. abronius - moderately toxic (33.8 f 4.7% mottaUty to R. abroniw - leerst toxic (18 f 6.6% mortnllty) to R. abronius 

- significantly toxic (42.9 # 19.2% mortality) to R. abronius - not toxic (18.4 f: 6.8% mortality) to R. abraniua 

- hlghly toxic (92.4 f 4.5% abnormal) b bivalve larvae - moderately toxic (59.4 f 11.3% abnormal) to bivalve larvae - least todc (23.3 f 7.3% abnormal) to vivalve larvae 

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

80 COMlbiENCEMENT BAY, WASHINGTON - highly toxic (15.7 f 3.9 dead/20) to 8. abronius - moderately toxic (5.2 f 1.1 dead/20 to R, abronius - least toxic (2.5 f 0.9 dead/20) to R. abronius 

- highly toxic (44.5 f 19% abnonnal) to oyetet larvae - moderately toxic (23 f 23% abnonnal) to oyster larvae - least toxic (15.1 f 3.1% abnormal) to oyster t w a e  
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66 SOUTHEFW CALIFORNIA 

58 BLACK ROC# HARBQR, CONNECTICUT - significant toxicity to A, abdita in 104 bioassay 30 

4 EPA chronic marine EP threshold (49 4% KX) 66000 I 
6 RPA interim f~ahwater sediment quality crlteria b e d  upon EP 

(@ 1% TOC) 7330 

25 Sediment safe level baeed upon &hent/water artitlonlng il coefficients and acute water quality criteria ( 1% TOC) 23000 

Sadimnt safe level based upon eedlment/water * 

coetitciente and chronic water quality criteria (@ 1% TOC) 

43 New England interim high contamlnatlon level for dredge material 580 

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

20 EPA/ACOE Puget Sound inbrim criteria (central basin background) 5 

23 Rotterdam Harbor sediment qualihr classificutions 

References: 

1. Bellnr et al.. 1986 25. Pavlou, 1987 

--- - -  

21; 5-m et ai., 1989 * Various, pl&se see text 



Oancrnlrations Qpgb) 

BP acute marine threshold @ 19,.TOC , 
Eagle Harbor, Washington bioaasay COA ., ' 

BP chronic mrine hrmhold @ 4% TDC 

Anthraceae 



RQle~oncar 

1986 PUGKF SQUMD AET - R. abrwnius amphipod bioawy - oyster larvae (C. gigas) biyssay - benthic community coznpsdtiorr . . - 1MicrobxTM blocassay 

1988 PUGET WUND AET 
- R. abronius amphipod bioassay - oyster larvae (C. gig& bioassay - benthic community cornpodtion - MicrotoxTM bioassay 

20 PSDDA GUDBLKNES (&ad upon Puget Sound MT) - screening level concentration - m i m u m  level criterion 

S A N  FRANCISCO BAY, CALIFORMLA AET - bivalve lawae bioassay - R, abronius amphipod bioassay 

Co-Occurrence Anralyses 

80 COMMENCEMENT BAY, WASHINGTON - highly toxic (15.7 k 3.9 dead/201 to R. abronius 476 f 549 - moderately toxic (5..2 f 1.1 dead/20) to R. nbronius .26 k 228 - least toxic (2.5 f 0.9 dead/20) to R. nbronius 

- highly toxic (44.5 f 19% a b n o d )  to oyster larvae 363 f 353 - moderately toxic (23 f 2.3% abnormal) to oynter larvae 282 f 207 - least toxic (15.1 f 3.1% abnormal) to oyster larvae 148 f 148 

7597 f 7264 

Yaquh Bay, Or~son  sediment 

29 LAKE UNION, WASHINGTON - 95% mortality ro H. arfeca 

. S A N  FRANCISCO BAY, CALIFORNIA - Mghiy toxic (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% mortality) to R, abronius 110 257 

- significantly toxic (42.9 f 19.2% mortality) to R. abronius 119 f 277 - not toxic (18.4 f 68% mortality) to R. abroruw 



References Biologi sal Approrchar Concentratfans (pgb) 

- dpificmtly toxic (55.7 f 22.7% abnomd) to bivalve larvae 184 f 347 - not toxic (32.9 f 15,5% abnormal) to bivdve larvae 34f 41 

56 SOUWHIPN CALIFOEWEA - slgnifioantly toxic (51.65% morkrllty) to G. fnponica 
-'not toxtc (23.2% mplality) to G. japodca 

47 ELIlaBETn RIVER, VIRCWIA - 100% mortality to L. anthum cxposed to 10% 
Elizabeth River sediment 

- LC30 (24-hr) for L. xanthunrs expod  tu 56% 
Elizabeth River 8edime11t 

- LC50 ( 2 8 4  for L. xanthurus exposed to 25% 
ElizabetA Niver sediment 

Matiorral Screening Level Concentratlone 

'I4 Marine sediments @ -1% TOC: 163 

~~uil i lbdurn Partitioning 

4 EPA chronic marine EP thrahold (@ 4% T8(=) 44000 

13 99 percentile chronic marine permissable contaminant derived 
from chronic water quality criteria @ 8% 'IW 190 

13 95 percentile chronic marine pennissable con~mlnnnt derived 
hram chronic water quality criteria g9 1% TOC 380 

1. Beller et al., 1986 20. U.S. ACOE, 1988 56, An&m et al., l(188 
2. FTl Environmental S e ~ c w ,  1988 21. Swartz el at., 1989 80. 'I'm Tech, 1985 
4. Bolton el al., 1985 29. Yake et af,, 1986 85, C H ~ M  XU, 1989 
13'. Pnvluu el al., 1987 47. Robens et al., 1989 @ Vnrioua, plm% see text 
14, Neff et ul., 1987 

Table 43. Bffecb range-low md effect8 range-medim wduee for snthracene m d  26 
concentratlone ueed to determine theas values wxanged In ~ecaaadlng order. 

ConcentrorCIons (ppb) End Point . . 

24 San Francisco Bay, California ART 
70 Eagle Harbor, Washington b i o m y  CQA 
85 BR-L 
85 San Frandsco Bay ,California bioassay CBA 

163 Marine SLC Q 1% T W  
184 %n Francisco Bay, California bioasecay COA 
1%) 99 percentile EP chronic rnatinc QP 1% 



:C.oncenkratinna (ppb) End Point 

Southern California bioassay COA 
9an Francisco Bay, California bioassay C=QA 
Commi?ncernent Bay, Washington bioassay COA 
Commencement &y, Washington bloassay COA 
95 percentile EP chronic nlarine @ 1% KE 
Commencement Bay, Washington bioassa COA 
%in Francisco Bay. California bioassav 2' OA 
Puget Saund, ~ahkngtorc AkT - ay& 
BR-M 
P u p t  Sound, Washington AET - Micmtoxrw 
San Francisco Bay, California AET 
Puget Sound, Washington AET - benthic 
Puget Sound, Washingtan AET - amphipdl 
hge t  Sound, Washington S T  - benthic 
Elizabeth River, Virginia bioassay COA 
Eagle Harbor, Washingon bioasstay COA 
Puget Saund, Washington AET - amphipod 
EP chronic marine @ 4% TOe: 
Lake Unian, Washington toxicity CQA 
Elizabeth River, Virginia bioassay COA 
Elizabeth River, Virginla Moassay CQA 

Data available for this aromatic hydrocarbon include those from Puget Sound AET; San 
Pranclwo Bay AET and bioassay data; bioassay data from Commencement Bay, Eagle 
H ~ d m r ,  Lake Unian, Columbia Rirer, southern California, and Elizabeth River; mtlonal 
SLCrr; SSBa perfamed with R. abronius exposed to mixtures of h drocarbons; and mrrny EP- 

I derlved values (Table 44). The= were small gradients in h n z o  ?' alanthracene concefitrations 
between San Prancisco Bay sediments that were lcast toxic and moderately toxic ,to 
amphipodst botwcen San Francisco Bay sediments that were not toxic and significantly toxic 

ds, and between Commencement Bay sediments that wcre least toxic and 
moderate amphiPo y toxic to amphipods (Table B-21). In bioasseys of lower Columbia River 
sediments, no toxicity to the amphipod H. aztecu was obscrvd in sediments that had up to 
2200 ppb benzo(a)anthraccnc. These data were not used in fie determination of ER-L and 
BR-M values. 

Effecb are suggested in asmciatiort with knzo(a)anthmccne concentrations as low as 60 
to 80 ppb sediments (Table 45). Tlie lower 10 percentile value of the data is equivnlcnt to 
about 230 ppb, the ER-L value. This value is supported by !3an Francisco Bay bioassay data 
(mean 232 ppb). The 50 percentile ER-M value in the clata is equivalent to 1600 ppb; a 
concentration supported by a San Francisco Bay AET (1100 ppb), three Puget Sound AET 
concentrations (1300, lMX), 1600 ppb), and a threshold predicted by EP methods (1600 ppb). 
With the exception af Columbia River and Eagle Harbor bioassay data, 'effects wcre usually 
observed in association with concentrations above about 550 pgb (Table 8-21). Severe acute 
toxicity was observed or predicted with concentrations of 10 ppm or greater (Table 45). 

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



the a;Rparent effarcts tlhreshold lies within the ER-L/ER-M range. Therefore, the degree of 
comdence in the ERdM value should be constdenxi as moderate. 

Table 4. Summary of sediment effects data available for benza(a)anthracene. 

Ref ler:enw.s; B lolagical Approaches Concentrations (ppb) 

1 1986 P K E T  SOUND AET 
- R. abronius amphipd bioassay 
- oyster larvae (C. gigas) bioassay 
- hnthic mmmunfty composition 
- MicrotoxrM biaassay 

2 1988 PUGE7' WUND GET 
- R. altranius amphipod bioasvny 
- oyster larvae IC. gigas) bioassay - bes~thic community composition 
- MimotoxrM bioassay 

20 PSDDA GUTDELn\FES (based upon Puget Sound AET) 
- m e n i n g  level cot~centm tion 
- maximum level criterion 

* SAN FRANClSCO BAY, CALIFORNIA AET 
- bivalve larvae bioassay 
- R. abronius amphipod bioassay 

> 80 COMMENCEMENT BAY, WASHINGTON - highly toxic (15.7 i- 3.9 dead/20) to H, abroniu.5 
- moderately toxic (5.2 f 1.1 det?d/2C) to R. abrclnius 
- least toxic (2.5 1 0.9 dead/20) to R, abmnius 

- highly toxic (44.5 5 19% abnormal) to oyster larvae 
- moderately toxic (23 f 2.3% abnormal) Lo oyster larvae 
- lca8t toxic (15.1 It 3.1% abnormal) to oyster larvae 

EAGLE HARBOR, WASHINGTON 
- highly toxic (19.1 k 1.7 dcad/20) to R. ubronius 
- moderately toxic (82 4 1.8 dead/20) to R. abronius 
- Icast toxic'(2.6 k 1.4 dcad/20) to R, abronius 
- predicted LC50 for R. abrotiius in 10-d dilution seria 

with Yaquina Bay, Onlgon scdirnunt 

LAKE UNION, WASHINGTON 
- 95% mortality to 3. azteca 

COLUMBIA RI'VER, WASHINGTON/OKECON 
- not toxic (0-1370 mortality) to H. uzfeca 

S A N  FRANCISCO BAY, CALIFORNIA 
- highly toxic (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% mortality) to R. abronius 



Table 44. Benzo(a)anfhraceno! (continued). 

Referencerr Biological Approacheo Concentrations (ppb) 

- significantly toxic (42.9 f 19.2% mortality) to R. abmnius 236 f 313 
, - not toxic (18.4 f 618% mortality) to R. abronius 187 f 359 

- highly toxic (92.4 f 4.5% abnormal) to bivalve larvae 919 f 433 - moderately toxic (59.41 f 11.3% tlbnorml) to bivalvc larvae 122 k 126 
- least toxic (23.3 4 7.3% abnonnul) to bivalve larvae 56 f 26 

- significantly toxic (55.7 f 22.7% abnormal) to bivalve larvae 232 k 337 - not toxic (31.9 f 15.5% abnormal) to bivalve larvae 41 k 20 

56 SOUTHERN CALIFORNIA - significantly toxic (51.45% n\nrtality) to G. japuilica 310.1 180 
- not toxic (232% mortality) to G. japcltlicn €33 * 129 

ELIZABETH RIVER, VIRGINIA - 100% mortality ta L. xnnfhlirus exposed to 100% Elizabeth River 
sediment 35000Q 

., LC50 (24-h) for L. xanthttrus cxpoued to 56% Elizabeth River 
sediment 196009 - LC50 (28-d) for L. xnnti1uru.5 exposed to 2.5% Elizabeth River 
sediment 8750 

Natiorral Screening Level Conccntrations 

5 Marine sediments 8 1% TOC 261 

14 li4ari1-i~ sediments 6) 1 % TOcZ 261 

Equilibrium partirioning I 

4 EPA chronic rnarinc EP threshold (@ 4'5 TOC) 220000 

17 EPA acute marine EP threshold (O 4% 22000C) 

13 99 percentile chronic marine pcrmissable contaminant derived 
from chronic water quality criteria Q'lk TOC 1600 

13 95 pcrccntile chronic ma'rine pcrmissable contaminant derived 
, horn chronic water quality criteria 8 1% TOC 21000 

6 ETA interim mean heshwatcr scdiment quality criteria b a k d  
u p n E P 8 1 % T K  13200 

25 Sedin~ent safc lcvcls based upon fiedirnent/water partitioning 
cocf'ficicnts and acute quality criteria @ 1% TLY 55000 

'Spiked-Sediment Hioaasays 

65 Significant toxicity to R. obronius with mixtures of aromatic 
and chlorinatc4 hydrocart>ons loc#x, 



Reserences: 

1.  Beller el ai., 1986 .17. Lyman et'al., 1987 52. Johnson and Norton,, 1988 
2. Fl[r Envh~nental Smims, 1988 20. U.S. ACOE, 1988 56. An&rson cr a/., 1.98% 
4 .  Bolton et al,,',l$85 21. Swam ct al,, 1989 65. Plcsha et al., 198.8 
5. Neff er a/., 1986' 25. Pavlau, 1987 80. Tetm Twh, 1985 
6. EPA, 1988 " 29. Ynlce et 01.. 386 85. C H ~ M  W1. 1989 

13, Pavluu er a/., '1987 47. Robcns er al., 2989 
14. Neff er'al., 1987 

60 San Francisco Bay, blifonlia AET 
80 Eagle Harbor, Washington bioassay COA 
122 San Francisco Bay, California bioassay 

San Franciaco BRY, Ca.lifornin bioassay COA 
Southern California bioassay COA 

5419 Commencement Ba.y,Washington bioassay COA 
801 Commerlcement Bay, Washington bioassay COA 
919 San Francieco Bay; California bio&ssay COA 
931 C o ~ m c e r n e n t  Bay, Washington' bioassay COA 

1100 %n Francisco Bay, C~lifornia AET 
1300 Puget Sound, Washington AET - MicratoxTM 

' 16(#3 Puget Sound, Washington AET - amphipod 
f6UQ ER-M 
1600 Puget Sound, Waehington AIR - oyster 

99 percentile EP chronic marine O 1% ?W 
Puget Sound, Washington AET - bcn thic 

51 0 Pugct %und,Washin@on AET - omphipod 
5100 Puget Sound,Washington AET - benthic 

Eagle Harbor, Washington bioasssy COA 
Elizabeth River, Virginia bioassay COA 
SSB with R. abronius: mixtures 
Eagle Harbor, Washington bioassay COk 
EP freshwater interim criteria Q I % TOC 
95 percentile HP chronic marine Q 1% TOC 
EP acute marine threshold O 1% TOC 
Lake Union, Washington toxicity COA 
Elizabeth River, Virginia bioassay COA 

22ooSxl ' EP acute marine threshold @ 4% TOC 
350000 Elizabeth River, Virginia bioassay COA 



Data are available for benzo(a)pyrene from Puget Sound BET', San Francisco Bay M T  
and biomsay data; bioassay data from Commencement Bay, Eagle! mbor,  Lake Uaion, 
sautthm Wifornia, and Elizabeth River; national 5LCs for marine sediments; canaerntrations 

rediated by BP methods; and SSBs performed with R. abvonius exposed to a mixture of 
~Ydfmbons  (Table 16). Small sdients in benzo(a)pyrene concentrations were observed in P 'b~oassrsys of a diltltio~r aeries o E ~ g l e  Harbor sediments, in San Francisco Bay sediments 
*hat were highly and moderately toxic to arrrphipods versus those that were least toxic, and 
in San Francisco Bay sediments that were significantly toxic versus those that were not toxic 
to mphipods. Tho= data wore not used to determine the E13-L and ER-M values (Table B- 
221. The data horn Eagle Harbor sddiments that were highly toxic to amphipods also were 
not used, since they did not indicate concordance with bem(a)pyrene concentrations. 

Bffects were observed in association with knw(a)pyrcne concentrationv as Inw as 396 
ppb (the national SLC for marine sediments) (Table 47). The lower 10 percentile value of 
the available data is equivalent to about 400 ppb, an ER-L vahe supported by marine SLCs 
of 396 and 397 and observations of significantly toxic Ijan Francisco Bay sediments tested 
with bivalve larvae (mean of 404 ppb). With the exception of Eagle Harbor bioassay data, 
effects were usual1 obwrved in association with benzo(a)pyrene concentrations of roughly 
700 ppb or more ( J able 8-22]. The ER-M suggested by the data is about 2500 p b ,  a value 
supported by a Puget Sound AET (2400 ppb) and the LC50 derived from birrassays af a 
dilution wries of Elizabeth River sediments tested with spot (2462 ppb). 

The degrec 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 vrllues 
are supported b some convergence or clustering of the data, the clusters of concentrations 
cover a relative t" y wide range. Thc overall apparent eifects threshold (about 700 ppb) lies 
within the ER-L/ER-M range. With very little conflicting evidence, it appears that effects 
are almost always associated with concentrations of about 700 ppb or more. . 

'Table 46. Summary of sediment effects data available for benzo(a)pyrene, 

References Biological. Approaches Conccntratione (ppb) 

Apparent Effecter ~ e s h o l d s  I 

1 1986 PUGET SOUND AE'T 
- K. nbronius nmphipod bioassay 2400 
- oyster larvae (C. gigas) bioassay 1600 - benthic ~amrnunity compusition 6800 - MicrotoxTM bioassay 1 6 0  

1988 PUGET SOUND AET 2 - R, abronius amphipod bioassay 3000 
, - oyster larvae (C. gigm) bioassay 1600 

L benthic community composition 3 6 0  
- MlcrotoxTM bioassay 1600 

20 BDDA GUIDELlNES (based upon Puget Sound AET) 
- screening levcl concentration 680 
- maximum love1 criterion 6800 

* SAN W C I S C O  BAY, CAEIFORNlA fiT 
- bivalve larvae bioassay >I800 
- R, abronius amphipod bioassay 1300 . 



Table 46. ~ekco(a)~~reme (continued) 

! Ref erenccre Biological Approachetl Concentxationrs (ppb) 

80 COMMENCEMENT BAY, WASHINGTON 
- highly toxic (15.7 f 3.9 dead/20) to R. abroniu~ 
- moderately tox.ic (5.2 L 1.1 dead/20) to R. abronius 
- least toxic (2.5 * 0.9 dcad/20) to R. abronius 

- highly toxic (44.5 f 19% abnorml) to oyster larvae 
- moderately toxic (23 k42.3% abnormal) to oyster larvae 
- least toxic (15.1 f 3.1% abnormal) to oyster larvae 

85 EAGLE HARBOR, WASHINGTON 
- highly toxic (19.1 1 1.7 dead/20) to R. abronius 
- moderately toxic (8.2 f 1.8 dead/20) to R. abronius 
- lcast toxic (2.6 f 1.4 dead/20) to R,  nbronius 

21 - predicted LC50 for R. abrorrius in 10-d dilution series 
with Yaquina Bay, @regon sediment 

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

rt SAN FRANCISCO BAY, CALIFOWIA 
- highly toxic (67 f 11.8% mortality) to R. abronius 
- moderately toxic (33.8 f 4.7% mortality) to R ,  abronitls 
- least to:.ic (18 * 6.6% mortality) to R. abroniits 

- significantly toxic (42.9 t 19.2010 mortality) to 8. abronius 
- not toxic (18.4 rt 6.8% mortality) to R. abrarrius 

- highly toxic (92.4 4 4.5% abnormal) to bivalve larvac 
- moderately toxic (59.4 f 11.3% a b n o m l )  to bivalve Inrvac 
- least taxic (23.3 k 7 3 %  abnormal) to hivalvc larvac 

- significantly toxic (55.7 k 22.7% abnormal) to bivalve 1.arvae 
- not toxlc (31.9 i 15.510 abnormal) to bivalve larvae 

56 SOUTf-IERN CALIFORNIA - significantly toxic (51.65%) rcortality) to G. japnica 
- not toxic (23.2% mortality) to C. japnica 

4 7 ELIZABETH RIVER, VIRGINIA 
- 100% mortality to L. xanthurus expo,wd to 100% Elizabeth 

Rivcr sediment 
- LC50 (24-h) for L .  xanthurus exposed to 56% Elizabeth River 

N m e n t  
- LC50 (28-d) for L. xanthcrrus exposed to 2.5% Elizabeth Rivcr 

sediment 

National Screening Level Concentrations 

5 marine sediments @ 1% T W  396 

14 marine sediments @ I% TOC 397 



Table 46. Bemo(alpyrene (continued) 

References BioPogjlcal ~p~roachers Concen trauons (ppb) 

4 EPA chronic harinn EP 'threshold (@ 4% TOC) 18WOOO 

17 ' EPA acute marine EP threshold (@ 4% TOCl 113CMMO 

99 percentile chronic marine permissable contaminant 
derived frcm chronic water quality criteria @ 1% TOC 

95 percentile chronic marine permissable contaminant 
derived from chronic water quality criteria 8 1% TOC 

EPA interim mean freshwater sediment quality criteria based 
upon EP @ 1% TOC 

25 Sediment safe levels based upon sediment / wa ter pirtihoning 
coefficients and acute water quality criteria 450000 

Spiked Sediment Bioassays I 

Significant toxicity to R,  abroniw with mixtures of arorr~tic . , 

and chlorinated hydrocarbons 4100f 60 

Ref ercnce Backgraund Approach Concentrations (ppb organic carbon) 1 
. . i 

Rotterdam Harbor Sediment Quality Classifications 
- Class 1 (slightly contamirlated) ~0.3 OC 
- Class 2 (moderately contaminated) 0.3-0.6 OC; 
- Class 3 (con'tdnated) 0.6-2 OC - 
- Class 4 (heavily contarnihated} ' >2 OC 

References: 

1. Deller cl nl., 1986 17. Lyman el al., 1987 56. Andeaon el al., 1988 
2. P?7 Environmental Services, 1988 20. U.S. ACOE. 1988 65.  Plesha el al., 1988 
4 ,  Bslton el al., 1985 21. Swam d al., 1989 80. Tctm Tech, 1985 
5 .  Neff ct ul., 1986 23. Jenucn, 1987 85. C H ~ M  I-Iill, 1985 
6. EPA, 1988 25. Pavlou, 1987 * Vwious, plcnsc st?.? lexl 

29. Yt~ke er a/., 1986 13. hvlou er al., 1987 
14. Ncff at al., 1987 47. Robcns el al., 1989 



It\a&le 87. Effccb range-low and effects range-median vduzs for benzofa)pyrene 
2nd 2B concentrakians ueed to determine these values arranged in ascending 
order. 

Concentratlon~ (ppb) End Point 

Marine SLC 
Marine SLC 
ER-L 
San Fmncisco Bey, CaSi fornia bioassay C'OA 
%in Francisco Bay, Callfomia bioassay CDA 
Southern California bioassay COA 
Commencement Bay, Washington bioassay COA 
Commencement Ray, Washington bioassay COA 
San Francisco Bay, California bioassay CQA 
Commencement Bay, Washington bioassay COA 
Commencemerrt Bay,Washington bioassay COA 
San Francilico Bay, California GET 
Puget Sound, Washington AET - bivalve 
Puget Sound, Washington AET - Micmtoxm 
P u ~ t  Sound, Washington AET - a r n p h i p l  
Elizabeth River, Virginia bioassay COA 
ER-M 
Puget Sound, Washingtan AET - amphipod 
Puget Sound, Wauhi?.gton AET - hnthic 
SSB with R, ubronius: mixtures 
Eagle Harbor, Washington bioassay COA 
Pug1 Sourrd, Washington AET - benthic 
EP interim heshwatet criteria 8 1% TOC 
99 percentile HI' chronic marine @ 1% TOC 
95 percentile EP chronic marine 8 1% TTDC 
Elizabeth River, Virginia bioassay CCTA 
Elizebeth Rivcr, Virginia bioassay COA 
Lake Union, Washington bioassay COA 
EP acutc sediment safe level 
EP chronic marine @ 4% TOC 

The data available far benxo(c)pyrene are restricted to bioassays of sediments from San 
Francisco Bay, southern California, and Elizabeth River (Table 48). The amount and 
variety of data are insufficient to warrant the determination of ER-L and ER-M values. In 
San Francisco Bay, observations of effects were associated with mean concentrations of 
bcnzo(e)pyrene ranging from 194 L 228 ppb to 624 f 234 ppb. Ln southern California the mean 
concentration associated with high toxicity was 434 f 318, within thc range obsorvod in %n 
Francisco Bay. Toxicity to L. x~rrfhurus was recorded at higher concentrations in bioassays of 
Elizabeth River sediments. Additional data are needed to determine a preponderance of 
evidence of the hnzo(e)pyrenc conwntra tions accocia ted with ad vcrx biological effects. 



%ilk 4fL Summary af eedimeat &ffecb data avalaBle for b.enzdk)pytene, 

lR~#ewncee Biological Ap proachce Concantratiasw Qppb) 

kgpmmt W$ecls Threehold 

e SAhJ FRA.NCLSCB BAY, CALIFORNIA AET 
- bi9,alve larvae bioansay 
- R. ubvonius amphipod bioassay 

* S A N  mANCISCO BAY, CALIFORNIA - highly toxic (67 f 11.8% mortality) to R. abronius 
- naderalely toxic (33.8 f 4.7% mortality) to R. abronius 
- least toxic (18 i 6.6% mortality) to R. abmnius 

- significantly toxic (42.9 f 19.2% mortality) to R. abronius 
- nor toxic (13.4 f 6.8% mortality) to R. abronius 

- highly toxic (92.4 1 4.5% abnormal) to bivalve larvae 
- moderately toxic (59,4 f 21 -3% abnormal) to bivalve larvae 
- least toxic (23.3 f 7.3% abnormal) to bivalve larvae 

- significantly toxic (55.7 5 22.7% abnonnaJ) to bivalve larvae 
- not toxic (31.9 f 15.5% abnormal) to biva ?e larvae 

SOUTHERN CALlFORNIA 
- significantly toxic (51.6% mortalily) to G. japonica 
- not toxic: (U2%.mortaUty) to G. japonicu 

ELIZABETH RIVER, VIRGlhlIA 
- 100% mortality to L. xanthurus cxposcd to 100% Elizabeth 

River sediment 
- L,C50 (24-h) for L, xanthurus exposed to 56% Elizabeth 

Rivcr d i m e n t  
- LC50 (28-6) for L, xanf.hlarus exposed to 2.5% Elizabeth 

River diment  

47. Robarts ct al!, 1989 
56. Anderson et al., 1988 
* Various, please see text. 

Biphenyl 

Data for biphenyl are nvailuble horn bioassays of sediments from San Francisco Bay, 
southern California, Black Rock Harbor, and the Elizabeth River (Table 49). These data 
are insufficient to determine the ER-L and ER-M values in sediments associatcd with effects. 
Mean concentrations ranging from 6.6 f 9.0 to 26.3 f 9.0 ppb were associated with measures of 
toxicity in San Francisco Day sdimcnte. In southern California sediments, significant 
toxicity was associated with a mean concentration of 443 ppb. Elizabeth River sediments 
that were highly toxic to L, xanalrurus had very high biphenyl concentrations. 



WbIe 49. Summary of sediment effects dab  avdkble for biphenyL 

* S A N  FRAI'JCIXO BAY, CALIFORNIA AET - bivalve Larvae bioassay 
- R. abronius amphipod bioassay 

* SPLhT FR.ANCISCO BAY, CALIFORNIA 
- highly toxic (6Yf 11.8% mortality) to R .  abronius . 

- moderately toxic (33.8 f 4.7% mortality) to R, abronius - least toxic ('18 f 6.6% mortality) to R. abronius 

- significantly toxic (42.9 k 19.2% mortality) to R, abrortius 
- rmt toxic (18.4 f 6.8% mortality) to R. abroniw 

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

- significantly toxic (55.7 * 22.710 abnormal) to bivalve larvae Sf 10 
- not toxic (31.9 i 15.5% abnormal) to bival.ve larvae 2f4 

86 SOUTHERN CALIFORNIA - significantly toxic (51.65% mortality) to C, japaniul 4-43 
- not toxic (23.2% mortality) to .C. japunica t5 

47 ELIZABETH RIVER, VIRGIN:A 
- 100% mortality to L. xanthurus exposed to 100% Elizabeth River 

Bctdiment 11501KI 
- LC50 (24-h) for L. ranthurus cx)x,scd to 56% Elizabeth River 

sediment 47600 
- LC50 (284)  for L. wnlhurus exposed to 2.5% Eliwbcth River 

scdimcn t 21Z 

58 BLACK ROCK HARBOR, CONNECTICUT 
- significant toxicity to A. abdita in 104 bioassay 

-- 

References: 

47. Roberts etrt al., 1989 58. Rugcrson et a[., , 

56. Anderson et al., 1988 * Various, plcasc see text 

Data for chryscne are available from studies in which Puget Sound &Ts ware calculated; 
bioassays of sediments from Commcnccment Bay, Eagle Harbor, Lake Union, Columbia River, 
San Francisco Ba , souther11 California, and Elizabeth River ware performed; national liL,Cs 
wore determine& snd various EP-derived thresholds werc calculated (Table 50). Small 
gradients in chrysenc conccnlrations wcrc observed in bioassays of a dilution series of Eagle 
Harbor sediments and in amphipod bioassoys of San Francisco Bay sediments. Also, a small 
gradient in chrywnc concentrations was obscrved botwccn Commencement Bay sedinwnts that 
were rnoderatcly versus least toxic to amphipods. No toxicity was obwwcd in Columbia 



Wvcr aedimcntv that had u to 4100 ppb chrywnc. Thew dab wcre not u w d  to dctcmine 
HR-I. and ER-M values (Tob P c I3-23). 

Thc lower 10 pcrccntilc value of the rrrnainlng data suggest an ER-L conccnhntion of 
about 400 ppb (384 rnur~dcd to 400 ~spb), a valuc supported by B marinc SLC: of 354 ppb (Table 
51 1, Some measures of cffects wcre observed in aswciation with chryscnc concentrations aR 
low a8 a mean of 368 ppb. With thc axcc tions of Eagle Harbor and Columbia River bioassay 
data, effects alrnonl always wcre o b s c r v d  or predicted st concentmtionr of about 9W ppb or 
more. Thc 50 pcrccntilc valuc of thc data suggcst an ER-M of a b u t  2800 ppb, a value 
r r u p p r t d  by two Pugct Sound AETs (hoth 2800 ppb). 

The d e g w  of confidcncc in the ER-L and ER-M values should bc considered as moderate. 
Data are available from a variety of geographic arcus and approaches, but are not tightly 
cl~lstcrrd around thc ER-L and ER-M va1ut.s. Tkrcrc is an overall apparent cffects threshaid 
at about 91x1 ppb, supported by a variety ot o k r v ~ d  and prcdictcd conccn&ations associated 
with effects nnd within the ER-LIER-M range. 

Table 50. Suxrunq of sediment effects data availtble far G:ryse!ne. 
- - 
References Biological Approrachea Co~rcenhations (ppb) 

hppnrent Effects Thvshold 

1 i98h P U G D  SQUND AET 
- R,  abronius amphipod bioassay 
- oyster larvae (C. gigas) bioassay 
- benthic community composition 
- MicrotoxT* bioassay 

1988 PUGET SOUND AET 2 .  - R. abronius amphipod bioassay 
, - .oyster larvae (C. gigas) ,bioaswy 
- benthic cornmud ty composition 
- MicrotoxTM bioassay ! 

20 PSDDA g-uidelines' b a d  upcm Puget Sound AET) 
- screening level concentration 

, - rm~cimum level criterion 

It SAN F'RANCISCO RAY, CALIFORNIA AET 
- bivalve larvae bioassay 
- R, abrvni~ts amphipod 'bioassay 

Co-Occurrence Analyses 

80 COMMENCEMENT BA.Y, W ASHII'4GTON 
- highly toxic (15.7 f 3.9 dead/20) to R. abronius 
- moderately toxic (5.2 f 1.1 dead/20) to R. abronius 
- Icast toxic (2.5 -f 0.9 dcad/20) to R. abronius 

- highly toxic (44.5 2 19% abnormal) to oyster lrrvac 
- moderately toxic (23 2 2.3% abnormal) to oyster larvae 
- least toxlc (15.1 k 3.1% abnormal) to oyster larvae 

85 EAGLE HARBOR, WASHINGTON 
- highly toxic (19.1 k 1.7 dead/20) to.R, abronius 

' - moderately toxic (8.2 f. 1.8 dcad/20) to R. abronius 
- least toxic (2.6 k 1.4 dead/20) to R. abronius 



Table S. Chrysene (continued) 
- 

ReT-erkncm Biological Approaches Concontralions (ppbP 

Cmtt")csufiencc Analyses 

21 - prcdictcd ' ~ ~ 5 0  for R, abronius in 1Od dilution wricns 
with Yaquin~ Bay, Oregon . d i m c n t  

29 LAKE UNION, WASHINGTON 
- 95% mortality to H, a tecn  

52 COLUMBIA RIVER, WASI-IINCTOW /OREGON 
not toxic (0-13% mortality) to H. aztwa 

* SAN FRANCISCO BAY, CALIFDRNIA 
- hfghly toxic (67 f 11.8% mortality) to R, abronius - moderately toxic (33.8 14.7% mortality) to R ,  abranius 
- laast toxic (18 i 6.6% n\ortality) to R. abronius 

- significantlj~ toxic (42.9 f 19.2% mortality) to R. abronius 
- not toxic (18.4 f 6.8% morblity) to R. abronius 

., highly toxic (92.4 1 4.5% abnormal) to bivnlvc larvae 
- moderotcly toxic (59.4 f 11.3% abnormal) lo bivalve larvae 
- least toxic (23.3 2 7.3% abnormal) to bivalvc larvae 

- significantly toxic (55.7 ka 22.7% abnormal) to bivalve larvnc - not toxic (31.9 f 15.5% abnormal) to bivalve iarvae 

56 SOUTHERN CALIFOl<NIA 
- signjficnntly toxic (51.7% mortality) to G. juponica 
- not toxic (23.2% mortality) to C. japonica 

47 ELIZABETH RIVER, VIRGINIA 
- 100% mortality to L. xunlhurus exposcd to 103% Elizabeth 

River d ~ r n e n t  
- LCSO (24-hr) for L. mnthurus cxposcd Lo 56%~ Elizabeth 

Riwr sediment 
- LC50 (28-2) for L. xantkurus exposed lo 2.5% Elizabeth 

t River sediment 
1 

National. Gmeening Level Concentrations 

5 Marine sediments Q 1% TOC 

14 Marine sediments 8 I % 'fW 

EquiHbriurn Partitioning 

4 BPA clxronic marine EP rhreshoid (Q 4 %  'TOC) 

17 EPA acute marine EP threshold (@ 4% TOC) 

13 99 pcrcer~tilc chronic marine pclrmissablc contaminenl derived 
from chronic water quality critcria @ 1 % TOC 

13 95 .ncrccnt.ilc chronic marine permissable contaminant derived 
from chronic water quality criteria @ 1% T K  



Table 51). Chzy~ene (continued) . 

Refiexenees B iulogical Approaches Concentration8 (ppb) 

25 Sediment safe levels bawd upon scdimcnt/water partitioning 
coefficients and acute water quality cri terie 1151200 

Ref srences: 

1. Bdlcr er al., 1986 17. Lynun el  al., 1987 52. Johnson and Norton, 1988 
2, PTI Ei~GinrnenraJ Services, 1988 20. U.S. ACOE, 1988 56. Anderson er dl., 1988 
4. Bolton el a]., 1985 21. S w w  et al., 1989 80. Tetra Tech, 1985 
5 .  Ncfiet al., 19616 25. Pnvlou, 1987 85. C H ~ M  Hill, 1989 
13. hvlou ct al., 1987 29. Y&ce el al., 1986 7 Various, p l w  see text 
14. Nefi eJ a/., 1987 4.7 RobGrt.. et of., 1989 

Table 51. Effecta range-lnw and effects range-medial valuea for cluyaene and 27 
cancentratiane wed to determine thcae values arranged in aarcendlng order. 

Concentrrntions (ppb) End Point 

Predicted Eagle Harbor LGO-amplu pad COA 
Sari Francisco Bay, California bioassay COA 
Marine SLC 
ER-L 
San Frmcisco Bay, California bioassay COA 
Southern California bioassay COA 
Commencement Bay, Washington bioassay COA 
99 percentile EP chronic marine @ 1% TOC 
Commehement Bay, Washington b i o a u ~ y  COA 
Commencement Bay, Washington bioassay COA 
1't:gct Sound, Washinpton AET - MicrotoxTM 
?dn Francisco Bay, Cdifornia bioassay COA 
%in Francisco Bay, California bioassay COA 
San Prar~cixo Bay, Californi~ bioassay COA 
Puget. Sound, Washington AET - bivalve 
ER-M 
Puget Sound. Waslur\gton AIET- amplupod 
95 percentile EP chronic marine @ 1% TOC ' 
Pugel §ound, Washington AET - benthic 
Elizabeth River, Virginia bioassay 
h g e t  %und, Washington AET - amphipod 
Pugct Sound, Washington AET - benthic 
Eagle Harbor, Washington bioassay COA 
~ a ~ i e  Harbor, Washington bioassay COA 
EP acute sediment safe level 
Lake Union, Washington bioassay COA 
Elizabeth Kiver, Virginia bioassay COA 
Elizabeth River, Virginia bioassay COA 
EP chronic marine threshold @ 4% TOC 



Data are available for this aromatic hydrocarbon from determinations of Puget Sound 
ancl San Francisco Bay AETs, ETJderivecl thresholds, and evaluations of bioasvay data horn 
Commericement Bay, Eagle Harbor, and southern California (?'able 521. There we8 -:her a 
small gradient or no concordance bcmeen dihnz(a,h)anthracene concentrationu '.,ri.i toxicity to 
am hipods exposed to San Franciwo Bay sediments. Commencenmnt Bay and Eagle Harbor 
ee 2 iments that were highly toxic to amphipods had lower dibenz(a,A)anthrc?cone 
concentratjons the11 thosf. respective samples that wcre moderately toxic. Therefore, these 
data were not considered in the determination of ER-L alrd ER-M values (Table B-24). I 

Effects in sediments wcre observed in association with mean dlbenz(a,h)antt~race~t~? 
concer~trations as low as 42 f 46 ppb (Tnblc 53). Thc lower 10 percentile of the data is 
equivalent to an ER-L value of about 60 ppb, a value supported by bioaasay data from San 
Francisco Bay (mean 63 f 80 ppb) and fmm snuthcrn Califorilia (mean &56'f 46 ppb). Thc! 50 
percentile of the data suggest an  ER-M of a b u t  260 ppb, a value supported by three Puget 
Sound AETs (230, 230,260 ppb), a San Francisco Bay AET (260 ppb), and Comer~cement Bay 
sediments thnt were highly toxic to oystcr larvae (mean 263 k 413 ppb). Exccpt fcr 
arnphipod bioassay data from Eaglc Elarbor and a Sarm Francisco Bay AET for arnphipod 
bionssays, effects wcre usually ob5h'~ed in asmiation with 'concentrations of about 100 7pb rlr 
more (Table 8-24). The threshold concentrations predicted by EP :nethods wcre consjdcrabiy 
higher than tho= observed with measures of effects in field-collceted samples. 

The degree of canfidencc in the ER-L and ER-M values for dibenz(a,h)znkhrac@ne should 
bc considered as moderate. A relatively small amount of data exisl 4 t h  which tu relate 
chemical concentrations to measures tf effects; therc arc no SSB data; and there was 
relatively poor concordance or small gradients in concentretions among sampiei tha t  were 
toxic and tho= that were nontoxic. However, thcrc w2s a degrec'of convergence arnang the 
data and thcrc appears to be an effects tl\~eshold with~n the ER-L/ER-M rnnge at a b u t  100 
ppb with few contradictory data. 

Table 52. Su.mrnary of sediment effecb data available for diheiuta,h)anthrac~ne. 
- - 

References Biological Approaches Concentratione r ~ p b )  

Apparent FJfecb Threahald 

1 1986 PUGET' SOUND M T  
- R. abvonius amphipod bioassay 
- oystcr larvae (C. gigas) bioassay 
- benthic cornrr~unity composition - MicrotoxTM bioassay 

2 1988 PUGET SOUND AET 
- R. bhraniur; amphipod bioassay 54 0 
- oyster larvae (C. gigns) bioassay 230 
- bent& community composition 970 
- Micro toxTM bioassay 230 

20 E D D A  guidelines (based upon Puget: Sound AET) 
' - screening level concent~mtion 
- maximurn Icvel criterion 

* SAN FRANCISCO BAY, CALIFORNIA AET 
- bivalve larvae bioassay 
- R. abronius amphipod bioassay 



References Biologicd Approaches Concen.tcatiome (ppb) 

COMMENCEhAEW BAY, WASHINGTON 
- highly toxic (15.7 f 3.9 dead/2O) to R. abronius - moderately toxic (5.2 f 1.1 dead/20) to R. abronius - least toxic (2.5 f 0,9 deadl20) to R. abronius 

- highly toxic (4 .5  f 19% abnormal) to oyster larvae - moderately toxic (23 f 2.3% abnormal) to oyeter larvae - least toxic (15.1 f 3,1% abnormal) to oyster larvae 

8 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 dcad/20) to R. abronius 

SAN FRANCISCO BAY, CALIFORNIA - highly toxic (67 f 11.8% mortality) to R. abronius 
. ' -  moderately ,toxic (33.8 f 4.7% 'mortality) to A. abronius - least toxic (18 f 6.6% mortality) to R. abronius 

- slgnif.tcantly toxic (42.9 f 19.2% mortality) to R. abronius - not tdxic (18.4 f 6.8% mortality) to R. abronius 

- highly toxic (92.4 f 4.5% abnormal) to bivalve larvae - moderately toxic (59.4 P 11.3% abnormal) to bivalve larvae - least toxic (23,3 f 7.3% abnormal) to bivalve larvac 

- significantly toxic (55.7 f 22.7'1; abnormal) to bivalve larvae 
- not toxic (31.9 k 1S.5cK abnox~al) to bivelvc larvae 

56 SOUTHERN CALIFORNIA 
I) 

- significantly toxic (51.7% mortality) to G, jnpuniua 66-i 46 
- not toxic (23.2% mortality) to G. japnica 24 f 36 

Equilibrium Partitioning 

23 99 perccntile cluonic marine permissable contaminant derived 
from chronic water quality criteria @ 1% TOC 12000 

95 percentile chronic marine permissable contaminant derived 
from chronic water quality criteria @ 1% TOC , 35000 

25 Sediment safe levels b a d  upon sediment/water partitioning 
coefficients and acute water quality criteria 240800 

1. Bclla el al., 1986 20, Z1.S. ACOE, 1988 80. Tetra Tech, 1885 
2. FTl ~nvironmcntal Services, 1988 25. Pavlou, 1987 85, C H ~ M  Will, 1989 
13. Pavlou et al., 1987 56. Anderson er al., 1988 ' Vnrious,plcasesee~xt 



Clmc~ntrati~ns (ppb) End Point 

San Francisco Bay, California bioassay COA 
ER-L 
San F rmdao  Bay, California bioassay COA 
Southern California bioarrsay CQA 
Commencement Bay, Washington bioassay CQA 
Commenaenent Bay, Washington bioassay CUA 
h n  Francimo Bay, California bioassay COA 
Puget Sound, Washington A.ET - oyster 
hrmt Sound, Washington AET - McrotoxTM 
Pugct Sounu, Washington AET - amphipod 
BR-M 
San Francisco Bay, CnUfornia AET 
Commencement Bay, Washington bioawy COA 
h g e t  Sound, Washington AET - amphi 
Eagle Narbur, Washington biooasay C 9" A 
Puget Sound, Washington AET - benthic' 
Puget Saund, Washington AET - benthic 
99 porccntile EP chronic marinc 8 1% TOC 
95 percentile EP chronic marine (a 1% TOC 
EP acute scdiment mfe level 

Very f ~ w  date arc available with which to relate the concentrations of 2,6- 
dimethylnaphthalene to measures of effmtcr in sediments (Table 54). 'he Snn Francisco Bay 
biumsay darn indicated relatively high toxicity to bivnlvc larvae in samples wikh 83 f 29 
ppb 2,6-dimeth Inaphthalenc; whereas in southern California, sedlmentn with eimilar 
cormntmtitlons ( & f 10 ppb) werc not toxic to amphlpods. Southern California d l n e n t e  that 
were hlgMy toxic to am hipads had concentrations (115 f 276 ppb) that were similar to 
thoee in sediments splkedPwlth hydrocafbon mixtures Ulat were toxic to am hipods (150 f 20 
ppb). There are too few data to warrant determination of ER-L and ER- values for this 
ohcrnical. I 

R 

Table 54. Summary of sediment effects data available for 2,6-dbeU1ylnaphUlalene. 

Co~Occursencr Analyses 

V A N  FRANCISCO BAY, CALIFORNIA - highly toxic (67 f 11.8% mortality) to R .  sbronius 18 f 28 - moderately toxic (33.8 f 4.7% mortality) to R. abronius 10 f 15 
- least i .xEc (18 f 6.6% mortality) to R, abronius 10 f 19 

- significantly toxic (42.9 f 19.2% mortality) to 8. abronius 13f 22 
- n0.t .toxic (18.4 f 6.8% nrortallty) to R, abronius 12 f 20 



References Biological Appramch Concentrations (ppb) 

CwOccurrenee Analyses 

- highly toxic (92.4 f 4.5% abnormal) to bivalve larvae 53 f 29 - moderately toxic (59:4 f 11.3% abnormal) to bivalve larvae 9 f 14 - least toxic (23.3 f 7.3% abnormal) to bivalve larvae 31.4 

- significantly todc (55.7 f 22.7% abnomnal) to bivalve larvae 14 f 22 - not toxic (31.9 f 15.5% abnormal) to bivalve larvae 5 f 5  

!% SOUTHERN CALIFORNIA - dgnificantly toxic (51.7% mortality) to G, japonica 115 f 278 
- not toxic (23.2% mortality) to G. japonica 56f 110 

Spiked Sediment Bioaesays 
I 

65 Significant toxicity to R. abronius with mixtures of aromatic 
and chlorinated hydrocarbons 150 f 20 

Reicrences: 

56. Anderson ct al., 1988 
65. Plesha et al,, 1988 
* Various, pleaw see text 

Fluormthene 

Data are available from studies in which Puget Sound AETs were determined; toxicity - 

thresholds were predicted using EP methods; national SLCs were calculated; SSBs were 
r f o d ;  and bioossays were performed with sediments from Commencement Bay, Eagle 

arbor, Lake Union, Columbia River, San Francisco Boy, southern Califomin, Palos Verdes, R' 
and Elizabeth River (Table 55). Only three of the Palos Verdes samples were analyzed for 
fluoranahene concentrations. There was dther a small gradient or no gradient in fluoranthene 
concentrations between San Francisco Bay sediments that were least, moderately, and most 
toxic to amphipods and significantly toxic versus not toxic to om hipods. There was no Ir ~ a d i e n t  in fluoranthene concentrations betwecn Commencement sy sediments that were 
,east and moderately toxic to arnphipods. Moderately toxle Eagle Harbor sediments had a 
lower mean fluoranthcne concentration then those that were least toxic. 'Ithese data were not 
used to deternrine ER-L and ER-M valuesr (Table B-25). 

Effects in sediments were observed in association with rnean fluoranthene conccntTations 
as low as  382 f 617 ppb (Table 56). Thc lowcr 18 percentile value in tho deh nugpst an ER-L 
of a b u t  6W ppb, a concentration supported by the predicted LC50 derived horn amphi d 
Moaesaya of a dilution aeries of Eagle Harbor sedimonta (6W .ppb) and a marlno K C ,  
concentration assuming 1 percent TO' content (644 ppb). The 50 percentile value In the d a s  
suggest Lan ER-M of about 3600 ppb. This value is supported by a cvonic marine EI'-derived 
concentration (310 ppb), an LC50 detem~ined in a SSB (3301) ppb), an EP-derived chronic safe 
level (3ti00 ppb), a Puget Sound AET (3700 ppb), and e San Francisco Bay AET ( 3 m  ppb). 
Ebfwto were almost always obscrvod in associatiorr with fluoranthene concentrations of about 
lm pb (1 ppm) or more. There were two exccptions ta this ap rent threshold: bioassay 
dab I' mm the Columbia River, in which no effects were observed% sediments with up lo 
2108 ppb fluoranthene; and bioassay data from Eagle Harbor, where there was no toxicity in 
sediments with a mean concentration of 12080 ppb (Table 8-25). 

I 
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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 
support the values; and the overall apparent effects threshold lies within the range of ER-L 
and ER-M values. 

Table S. Summary of sediment effects data available for fluoranthene. 

Ref erencce Biological Approaches Concentriatiom (ppb) 

Apparent Effects Thehold  

1 1986 PUGET SOUND AET 
R. abronius amphipod biomsay 
oyster larvae (C, gigas) bioassay 
benthic community composition 
MicrotoxTM bioassay 

2 1988 PUGET WUWD BET 
R. abronius nmphipod bioassay 
oyster larvae (C. gigns) bioassay 
benthic community cornpsi tion 
MicrotoxTM bioassay 

20 lZSDDA GUlDEtINES (based upan P u ~ t  Sound AET) 1 " 
screming level conccntra tion ' 
maximum lcvcl mlterion 

e SAN FRANCISCO BAY, CALIFORNIA AET 
bivalve larvae bioassay 2ooV 
R. abronius amphipod t i ( ?  .ny >3700 

Co-Occurrence Analyses fl 
80 COMMENCEMENT 13 f p  ASHTNCTQN 

- highly toxic (15.7 9 16/20) to R. abronius 2360 k 3330 
m&6ratcly toxic (5 Jcad/2,0) to R. abronit4s 925 k W 
least toxic (2.5 & O.l* . t c i  /20) to R. abronius 923 f 8& 

- hinhiv toxic (44.5 f 19% abnormnl) to ovster larvae 1655 k 2029 1 
rn~dc"ralcly toxic (23 P 2.3% ikbnoml) 6 oyster larvae lM6 2 &5 
lun~t toxic (15.1 k 3.1%, irbnoml) to oystc~ larvac $181) f 492 

85 BAG LE HARBOR, WASH INGI'ON 
, - highly toxic (19.1 k 1.7 daad/20) to R. abronius 

m&iratcly toxic (8.2 f 1.8 dcad/20) L o  R, abronitrs 8895 1 10337 
least toxic (2.6 f 1,4 dcud/20) to R. nbrarrius 12080 f 51889 

21 - predicted LC50 for R. abronius in 10-d dilution writs 
wt th Yaquina Bay, Oregon, wdirncnt 600 

29 LNCE UNION, WASHRVCTON 
- 95% mortality to N. aztcca 

52 COLUMBIA RIVER, WASMINCTONIOKEGON 
- not toxic (0-1356 mortality) m H. a z l a  



Nafmzllsmoera ~ i o l o ~ i c k  Approaches Coneentratlone t p ~ b )  

Q SAN FRANCISCO BAY, CALIFORNIA 
- highly toxic (67 f 11.8% mortality) to R. abronius 
- moderately toxic (33.8 1 4.7% mortality) to R, abronius 
- least toxic (18 f 6.6% mortality) to R. abronius 

- signfficantly 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 toxic (59.4 1: 11.3% abnormal) to bivalve larvae - lcast 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 

54 SOUTHERN CALIFORNIA 
- significantly toxic (51.790 mortality) to C. japonica 
- not toxic (232% mortality) to G. jupanica 

49 PALOS VERDES SHELF, CALIFORNIA - significantly toxic to R, atrronius 
- not toxic to R,  abroniw 

47 ELIZABETH RIVER, VlRGINIA 
-' 100-A mortality to I.+. xanfhurus exposed to 100% Elizabeth FUvcr 

sediment - LC50 (24-h) for L, nanlhurus expo.scd to 5.6% Elizabeth River 
wdimrnt - LC50 (28-d) for L. xnnlhurus exposed to 25% Elizabeth River 
scdirncmt 

National Screening Level Concentrations 

5 Morinc scdlmcnts Q 1 % TQC 
I 

14 Mn.rinc scdimcnte Q I % 1'012 

Bquil;lbrlum I'artitioning 

17 EPA ncutc marine ETy Ithrcehold CQ 4% 7'K) 

13 99 pcrmnti.le chronic marine. pc!nni&wblc contaminant derived from 
chronic watcr quality criteria 4 1% TOC 

13 95 pcrmntile chronic marinc pcnni~mblc contaminant derlvcd from 
chronic water quality criteria 8 1% I'OC 

6 BFA irrtrri~n mean frcslhwatcr scdimont quality criteria ba& upon 
EP@I%TOC ' ' , . 

25 Soclimcnt safe levcls based upon scdimcnt/watcr partitioning 
coefficients and acute watcr quality criteria 



Table 55. Pluormthene (conunrucd) 

Ref ~ r e n c a ~  Binlogiclal Approaches Concentcatiars icpb) 

Eqailibaium Pzxtiltioning 

25 Sediment safe levels b a d  upon diment/water partitioning 
coefficients and chronic water quality criteria 3 6 0  

Spiked Sediment Bioaslaaya 

65 Sinificant toxicity to R. abionius with mixtures of aromatic 
and chlorinated hydrocarbons 15000 

18 LC50 (1021) for R. nbronius 4200 

19 L C 3  for R. nbrolnius @ 0.2% T K  3300 
L O  for R, abronius @ 0.3% TOC 6200 
LC50 for R, abroniu.9 @ 0.5% TOC 10500 

Reference Backgound Approach Concentratlone 
(ppb organtc carbon) 

23 Rotterdam Harbor Sediment Quality Classifications 
- Class 1 (slightly contaminated) ~ 0 . 4  DC 
- Clam 2 (moderately contaminated) 0.4-1 OC 
- Class 3 (contaminated) 14.5 QC 
- Class 4 (heavily contaminated) >45 Oe: 

Ref erenceu: 

1. Beller ct al., 1986 19. Swcm ct of., 1987 49. S w m ,  et al., 1985 
2. VI1 Envhnmcntal Scrviccs, 1988 20. U.S. X O E ,  1980 52. Johnson and Norton, 1988 
5. Wcff &t nl.. 1986 2 1. Swam, 01 J., 1989 56. Andclson et al., 1988 

I 6. BPA, 1988 23. Jenscn, 19S? 65. Pleshn el al., 1988 
13. Pavlou er al., 1987 25. Pnvlou, 1987 80. l[%n Tech. 19115 
14. Ncff et al., 1987 29. Y&c et of., 1986 85. W2h4 Mill. 1989 
17. Lyman el at,, 1987 47. Roberts ct al., 1989 * Vurious, ~ 1 0 ~ 1 %  w text 
18 Swam ct al., 1988 

Table 56. Effects range-low and cffocts range-median valuerr Por Ruoranthene and 33 
cancenkrmtione ueed to determine theee valuee, arranged in aricending; order. 

E Concf!ntration~ (ppb) End Point 

382 Southcrn California .bioassny COA 
432 Marine SLC 
451 Sar~ Francisco Bay, California bioassay COA 

ER-L 
600 Eagle Harbor, Washington bioassay. COA 
fiQ4 Marine S1.C 
a2 Sari Francisco Bay, California bioassay COA 



Table 56. Qconthued) 

Concentration8 (ppb) End Point 

commencement Bay, Washington bioaasajr COA 
99 percentile EP chronic mnrinc 8 1% TOC 
Commencement Bay, Washington bioassay COA 
Puget Sound, Washington AET - Microtox'M 
San Francisco Bay, California AET 
Commencement Bay, Washin on bioassay COA 
Puget Sound, Wash~ngton A&- oyster 
Sari Francisco Bay, Califorda bioassay COA 
95 percentile EP chronic marine @ 1% TCK: 
SSB LC50 for R. nbmnius Q 0.2% T(Pe: 
ER-M 
EP chronic sediment safe level 

I 1)uget Sound, Washington AET - amphipod 
SSB LC50 for R. abronius 
SSB LC50 for R. abrortius @ 0.3% T T  
Puget Sound, Washington AET - bentlhic 
EP acute sediment safe level 
SSB LC50 for R, abmnius @ 0.5% TOC 
SSB with R. abronius: mixtures 
EP interim freshwater criteria @ 1% T X  
Pugct Sound, Washington AET - benthic 
Puget Sound, Washington AET - am hipod 
EP acute marine threshold O 4% 'T & 
Elizabeth River, Virginia bioassay COA 
Eagle Harbor, Washington bioassay COA 
Elizabeth River, Virginia bioassay COA 
Lake Union, Wasl~ington bioaswy COA 
Elizabeth River, Virginia bioassay COA 

Bluorcne 

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 wcre performed with sediments from Gomnrencement Bay, 
Eagle Harbor, Lake Union, San Franciwo Bay, southern Caiifornieu, Elizabeth River, and 
Black Rack Harbor (Table 57). Data from SSBs with winter flounder (Pscudopleuronectes 
americanus) are available. The winter flounder were exposod to Venezuelan crude mixed into 
sediments placed in a layer in large aquaria for 4 months (Fayne et al., 1988). There was 
little or no concordance between fluorene concentrntior\s and toxicity to am hipods in San 
Francisco Bay. There was a small gradient in fluorenc concentrationo between E ommencement 
Ray and Eagle Harbor sediments that wcre least and moderately toxic to amphtpods. These 
data were not used to determine the ER-L and ER-M values (Table 8 2 6 ) .  

Effects determined with bivalve larvae bidassays of San ~rahcisco Bay sediments were 
observed in association with vory low levels of fluorene (Table 58). These data influenced 
the determination of thc BR-L value of 35 ppb, The SO percentile value in the data suggat 
an ER-M of 640 ppb, a value supported by three Puget Sound AETs (all 540 ppb), a Puget 
s u n d  AET for benthic communities (640 ppb), and high loxidty in Commencement Bay (mean 
707 ppb). Except for the Ea le Harbor anphipal  bioassay date, therc is an overall a parent 6 effects threshold at about 3.0 ppb. However, this apparent thrcshold'ie highly in ucnced 
by only P u g t  Sound and Commencement Ray data and not by other supporting dab. 

R 



The d q p e  of confidence in the ER-L and ER-M values for Pluomne should be considered as 
low and moderate, respectively. Although there are data from several approaches and 
matching effects and chemical data from many geographic areas, the data indicate poor 
convergence mound the ER-L value. The ER-L is supported by data only from Sm Francisco 
Bay and the ER-M is supported by data only from Puget Sound (including Commencement 
Bay). Same of the concentrations di:~hxd from the BF and S5R approaches suggest atat the 
threshold for effwb occurs at much higher conccntratians than indicated by the ER-L and 
ER-M values. 

Table 57. S t a m m q  of sediment efiecb data avdlable for fluorer~e. 

References ltliologicall Approaches Concentrations (pgb) 

I 1986 PUGET S O W  AET 
- R. a'prorvrius amphipod bioassay 
- oystrr larvae fC. &as) bioassay 
- benthic community composition 
- h4icrotoxTM bioassay 

2 1 9 M  PUGET ,SOUND ABT 
- R, abronius amphipd bioassay - oyster larvae (C. gigas) bioassay 
- knthic community composition 
- Microtox TM biaasay 

20 PSDDA guidelines based upon P u p !  Sound AET) 
- screening luvcl concenntra tion - maximum level criturion 

+ S k N  FlZaNCISCO BAY, CALI'FORNZA AET 
- bivalve larvae bioassay 
- R, abronius omphipod bioassay 

Co-Qcaurrcfuce Analyses 

80 COMMENCEMENT 'BAY, WASI-IINGTON 
- highly toxic (15.7 1 3.9 dead/20) to R. abronius 
- modcralely toxic (5.2 f 1.1 dead/20) to R, abronius 
- least toxic (2.5 .t 0.9 dead/20) to R. abr0ni:r.q 

U 

- highly toxic (44.5 f 19% abnormal) to oyster larvae - moderatcly toxic (23 f 2.3% abnormal) to oyster larvae 
- least toxic (15.1 f 3.1% abnonwl) to oyster larvoc 

85 EAGLE HARBOR, WASHINGTON 
- highly toxic (19.1 rt 1.7 dcad/20) to R. abronius 
- moderatcly toxic (82 f 1.8 dead/20) to R, abronius 
- least toxic (2.6 i 1.1 doad/20) to R, abronirrs 

21 - predictrd LC50 for R, nbronius in 10-d dilution scrim 
with Yaquina Bay, m g o n  sediment 

29 LAKE UNION, WASHINGTON ' - 95% mortality to M. ~ z t c c u  



~b S A N  FRANCISCO BAY, CALIFORNIA 
- highly toxic (67 f 11.8% mortality) to R, nbronius 33 f 77 
- moderately toxic (33.8 i 4.7% mortality) to R. abronius 30 f 21 - least toxic (18 1*6.6% mortality) to R. abronius 39 f 49 

-. sienificantly toxic (42.9 f 19.2% mortality) to R. abmnius 29 f: 48 
- not toxic (18d f 6.8% mottality) to R. abronius 43 f 51 

- highly toxic (92.4 f 4.5% a b n o m l )  to bivalve larv~c - moderately toxic (59.4 f 11.3% abnormal) to bivalve larvae - least toxic (23.3 f 7.3% abnnormnl) to bivalve larvae 

- significantly toxic (55.7 1 22.7% abnormal) to bivalve larvae 
- not toxic (31.9 f 15.5% abnormal) to bivalve larvae 

56 SOUTE-IERN CALIFORNIA 
- significantly toxic (51.7% mortality) to G. japonica 
- not toxic (232% mortality) to C, japnnica 

47 ELIZABETH RIVER, VIRGINIA , - 100% mortality to L, rarrthurus expogd to lQQ% Elizabeth River 
sediment 

. - LC50 (24-h) for L. xanlhurus exposed to 56% EHzabetll River 
sediment 

- LC90 (28-d) for L. xanthurus exposed to 25°/0 Elizahcttt R i v ~ r  
sediment 

58 BLACK ROCK H ~ R B O R ,  CONNECTTCUT 
- significant toxicity to A. abditn in 104  bioassay 

National Screening Level Concentrations 

M.arine sediments @ 1 % TC#: 14 - 
; .  
I 

Equilibrium Partitioning 

4 EPA chronic purine EP threshold(@ 4% TOC) 28000 

13 99 percentile chronic marine pcrmissablc contaminant derived from 
chro~uc water quality criteria @ 1% TQC 59 

13 95 percentile chronic marine permissable contaminimt dcrivad from 
chronic water quality critt.xia @ 1% TC#: 260 

25 Sediment safe levels based upon sedimcn t/water partitioning 
coefficients and acute water quality criteria @ 1% ,TOC 7 0 0  

Spiked-Sediment Bioaesaye 

59 Liver somatic cokdition indices elevated in winter flounder 
l1 

220550 
MFO induction in winter flounder livcr significantly elevatcd 176510 

i MFO induction in winter flounder kidney significantly elevated 285290 



Table EV. IPluatcpne Icontimuad) 

References: 

1. Bellea et sl., 1386 21. Swnrtz et d., 1989 58, Rogcrson et c!., 1985 
2. PFI Environmental SoNices, 1986 25. Pavlou, 1987 59. hyne  et at., 1988 
4. Bolton el al., 1985 29. Yake el al., 1986 80. Tetra Tech, 1985 
13. Pavlou er ul,, I987 47. Row er of., 1989 85. C H ~ M  W, 1989 
14. Noff en hi,, 1987 56. An&rson et al., 1988 * Various, pleare sca toxl 
20. U.S. ACOE, 1988 

Table 58. Effectti range-low and effects range=medisan values for flumene and 28 
concankations urred to detmmhe these values arranged in ucending order. 

Concentrations (ppbP End Poht 

San Francisco Bay, Callfornin AET 
%n Francisco Bay, Caltfonda bioassay COA 
ER-L 
Snn Francisco Boy, California bioassay COA 
99 percentile EP chronic marine @ 1% TOIZ 
Black Rock Harbor, Connecticut bioassay COA 
Marine SLC 
Commencement Bay, Washington bioatmy COA 
95 percentile EP chronic marine rlP 1% TOC 
San Francisco Bay, California biuastwy COA 
Eagle Harbor, Washington bioassay COA 
Grnmencement Bay, Washin on bioaasay COA T hpt Sound, Washington AE - mphlpod 
hget Sound, Washington AET - oyster 
Pupt Sound, Washington AET - MicmtoxTM 
ER-M 
Pupt Sound, Washington AET - benMc 
Commencement Bay, Washington bioassay COA 
Puget Sound, Washington AET - benthic 
Puget Sound, Washington AE?' - urnphipod 
EP acute sediment safe level 
Elizabeth Rvsrr, Virginia bioassay GOA 
Eagle Harbor, Washingtori bioasvay COA 
EP chronic marine @ 4% TOC 
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 cnvailiable fur l-methylnaphthalene are from bioaesaye of wdlmenls born San 
Francisco Bay and southern California and arr~phlpd bioassays of sediments spiked with 
mixture of hydrocarbons. Many of the San Francisco Bay samples were not analyzed for 1- 
methylnaphthalene; the small amount of data available indicated poor concordance betweon 
toxicity and chemical concentrations. The mean concenlrlition in southen Lalifornia samples 
that were significantly toxic to amphipods was 192.8 f 461.1 ppb versus 36.2 f 65.6 ppb in 



non-toxic samples. The concentration of 1-methylnaphthalene was 500 ppb in a mlxture of 
hydraaerbons that was toxic to amphipods. There are too Httle data to d e i h e  ER-L and 
ER-M values for this hydrocarbon. 

i 

2methqrlnapht2lalene 

There are =mewhat more data available for 2-methylnaphthalene (Table 59) than for 1- 
methylnaphthalene. They are from determinations of Puget Sound AET; bioaesays of 
aedimenb from Commencement Bay, San Francisco Bay, southem California, and Elizabeth 
River; and amphipod bioassays of sediments spiked with hydrocarbon mixtures. There was a 
small gradient in 2-methylnaphthalene concentrations between San Prancieco Bay samples 
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 sediments that were moderately toxic to both bivalve larvae and 
amphipods had 2-methylnaphthalene concentrations similar to those that were least toxic. 
These data were not usad to determine the ER-L and ER-M values (Table 8-27). 

The lower 10 percentile of the data suggest an ER-L of about 65 ppb, a value su ported by 
high toxicity in southern California sediments {meon 65 k Ill ,ppb) (Table 60! 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 rted by relatively few data and data mainly from Comncement  Day and P" other parts o Pugel Sound (Table B-27). 

Tt~e degree of confidence in the ER-L and ER-M values for 2-methylnaphthalcn should be 
co~~sidered as low and moderate, respectively. They are sup orted by small clusters of data. P There are no sirrgle-chemical, spiked-sediment data, 110 thrcs ~olds predicted by EP methods, 
and the matching biological and chemical d a h  are from on1 a few geographic areas. 
I-Iowever, the apparent effects threshold lies within the ER- t: /ER-M range and is not 
contradicted by obwwations of no effects at greater concentrations. 

I Table 99. Summary of sediment effects data evdlablcr for 2-kethylnaphthalene. 

Apparent Effects Tlueshblld 

1 1986 PUGET SOUND AET - R.  abronius amphipod bioassay 670 - oyster larvae (C. gigas) bioassay 670 
- bttnthic comrunity composition 670 
- MicrotoxrM bioassay 670 

2 1988 PUCET SOUND AET 
- R. abronius amphipod bioassay - oyster larvae (C. @gas) bioassay 
- benthic community composi Lion 
- MicrotoxTM bipassay 

20 PSDDA guidelines (based upon Puget Sound AET) ' 
- screening level ,concentration - maximum level criterion 

* SAN FKANCISCO BAY, CALIFORNIA AET 
- bivalve larvae bioassay - R, abronius amphipod bioassay 



Table 89. 2-rnethylnitphthtalene (continued), 
I 

References Biologicd Approach Concentrations (ppb) 

Co-Occurrence Analyses 

80 COMMENCEMENT BAY, WASIEII WG'TCIW 
- highly toxic (15.7 f 3.9 dend/20) to R, abronius 
- moderately toxic (5.2 f 1.1 dead /20) to R. abmnius 
- least toxic (2.5 f 0.9 dead/20) to R. abrorrius 

- highly toxic (44.5 k 19% abr\ormal) to oyster larvae 326 f 313 - moderately toxic (23 f 2.3% abnormal) to oydter larvae 207 f 169 - least toxlc (15.1 * 3.1% abnormal) to oyster larvae 165 f 121 

* SAN FRANCISCO BAY, CALIFORNIA 
- highly toxic (67 f 11.8% mortality) to R. abronius 32 k 41 
- moderptely toxic (33.8 k 4.7% mortality) to R, abronius 34 tQ 27 
- least toxic (18 f 6.6% .mortality) to 8. abronius 34f 33 

- significantly toxic (82.9 k 19.2% mortality) to R. abronius 31 k 33 
- not toxic (1.8.4 f 6.8% inortality) to R. abronius 39 f 35 

- highly toxic (92.4 f 4.5% abnormal) to bivalve lawae 98 f 41 
- moderately toxic (59.4 f 11.3% abnormal) to bivalve larvae 26 f 23 
- least toxic (23.3 f 7.3% abnorrna!) to bivalve larvae 20 * 7 

- significantly taxic (55.7 4 22.7% abnorm 
- not toxic (31.9 f 15.5% abnormal) to bivalve larvae 24f 4 

al) to bivalve larvae 35 136 

56 SOUTHERN CALIFORNIA 
- significantly toxic (51.7% mortality) to G, japonica 65 1 154 

' - not toxic (23.2% mortality) to G, japonica 1 6 f  33 

47 ELIZABETH RIVER, VIRGINI'A 
- IWZ mortality to L. xanthurus exposed to 100% Elizabeth 

River sediment 31800 
- LC50 (24-h) for L. xanfhur~ls exposed so Sci% Elizabeth 

River sediment 1788 
- LC50 (284) for L. xanthurus exposed to 2.5% Elizabeth 

River sediment 795 . . 

Spiked-Sediment Dioassaya 

(55 Significant toxicity to R. abronius with mixhrree ol aromatic 
and chlorinated hydrocarbons 500 

Rcf erences: 

1. Bellcr el al., 1986 47. Robcrt! cr al., 1989 80. Tctm Tech, 1985 
2, PTI Environmental Services, 1988 56. Andcaon er al., 1988 * Various, please sec text 

20. U.S. ACOE, 1988 65. Plcsha et al., 1988 



Table 60. Effecb range-low and effects range-median values for 2-mcthylnaphthalene 
and IS cancentrations used to datermine those values arranged in ascending order. 

Concenb.ations (ppb) End Point 

h n  Francisco Bay, California AET 
ER-L 
Southern California bioassay COA 
San Francisco Bay, California bioassay COA 
Conlmcncement Bay, Washington bioassay COA 
SSB with X. abmnius: mixtures 
Commencement Bay, Washington bioassay COA 
Puget Sound, Washington AET - amphipod 
h g e t  Sound, Washington AET - oyster 
Pupt k u n d ,  Washington M T  - benthic 
BR-M 1 

Pugct Sound, Washington AET - MicrotoxTM 
Elizabeth River, Virginia bioassay COA 
Pugct Sound, WaBhington AET - benthic 
Elizabeth River, V~rginicl bioassay CC)A 
Pugct Sound, Washington AET - amphipod 
Elizabeth River, Virginia bioassay COA 

There are no data available with which to rclate effects, in sediments to the 
cor~centrations of this hydrocarbon in sediments. ' 

Naphthalene 
. . 

Puget Souncl and San Francisco Bay AET conccntrations, freshwater and saltwater SLCs, 
and three EP-derived concentrations are available for tla hlhalene (Table 61). Also, co- 
occurrence analyses were pcrformcd with bioassay data p rom Commencement 3ay, Eagle 
Harbor, Puget Sound, San Francisco Bay, Lakc Union, southern California, and benthic 
community data from the Trinity Rivcr. Conccnt~ations predicted or projected to co-occur with 
toxicity in dilution series of sediments rrom Block Rock Harbor and Eaglc Harbor are 
available. Data frorn SSBs with winter flounder and spot (Leistornus xanthurus) arc also 
available. The winter flounder were exposed to Venczuelm crudc mixed into sediments 
placed in a layer in large aquaria for 4 months (!'ape et al., 1988). The, spot were held for 28 
days in cages that werc placed upon and slightly immersed in Elizabeth River scdimcnts 
added to large aquaria (Roberts et a\., 1989). 

Naphthalene rcprescnted a small proportion of thc total PAH in Black Rock Harbor and 
Eagle Harbor wdiments that werc tested in dilutiorr _scrics. Rwrc was cither no concordance 
or a small pdicmt  in naphthalcne concentrations among San Frar~ciscc? Bay scdiments tested 
with amphipods. Moderately toxic Eagle Harbor sediments had lower naphthalene 
concentrations than least toxic samples. These data were not used to determine the ER-L and 
ER-M values (Table B28). 

The available data (Table 62) suggest an ER-L of about 340 ppb (the lower 10 percentile 
of the data), a value supportid by modcrate toxicity in I'uget Sound. Thcre is an overall 
apparent threshold in the data at about 500 ppb; cffects have been almost always obscrvcd 
above that concentration in s c d i ~ c n t s .  The 50 percentile valuc in thd data (the BR-M) is 
about 2100 ppb, a value supported by four P u v t  Sound AETs (2100 ppb) and an LC50 from a 
series of bioassays of Elizabeth River scdimcnts tested with s p t  (2375 ppb), 

There is a rclativcly large amount of data and tlwy are from all thc major approaches. 
n ~ e r e  ig a consistent clustcr of data from two dpproaches supporting thc ER-M valuc, but not 

119 



the ER-L value. The ER-L and ER-M values were influenced mainly by Sen Francbco Bay and 
h g e t  Sourd data, respectively. The degree of confidence in these vdues should be caneidered 
as moderate mtd high, respectively. Exctpt for the Cornancement Eky samples least toxic to 
amphipods and the Trinity River bioassay data, the majority of the data indicate that 
effects almost always occur at concentrations above about 500 ppb (05 ppm) napWene. This 
overall apparent effects threshold is suggested by an EP-derived concentration 600 ppb) and 
moderately toxic Commencement Bay samplee (mean 593 f 505 pgb) and lies within the EB- 
LPER-M range 

Table 61. S u m q  of sediment effects data savailebIe for nrslghthdena. 

Reference Biological Approach Concentrationnr (ppb? 

Apparent Efiects Threshold 

1 1986 PUGET SOUND AET 
- R. abronius amphipod bioassay 
- oyster larvae (C, gigad bioassay 
- benthic community composition - Evlicr~tox"~ bioassay 

2 1988 PUGET SOUNDAET . - R, abro~rius amphipod bioassay - oyster larvae (C. gigas) bioassay 
- benthic ~wmmunity composition 
- MicrotoxTM bioassay 

20 PSDDA giidelines (based upon Pupt Sound AET) - screening level concentration 
. - maximum level criterion 

* SA.N FRANCiSCO BAY, CALIFQRNIA NET - bivalve iarvne bioassay 
- R. abronius amphipd  bioassay 

Co-Occurrence b a l y e e s  

571 PUCET SOUND WASHINGTON 
- highly toxic (15-minute EC.50; 0.31 f 0.13) io P. phosphoreum 
- moderately toxic (15-minute EC50; 2.1 f 0.8) to P, phosphoreum 
- least toxic (15-minute ECSO; 8.9 f 3.3) to P .  phosphoreicm 

80 COMMENCEMENT BAY, WASHINGTON 
- highly toxic (15.7 f 3.9 dead/20) to R. abronius 
- moderately toxic (5.2 f 1.1 dead/2O) to R. abronius 
- least toxic (2.5 f 0.9 dead/20) to R. abronius 

- highly toxic (44.5 k. 19% abnormal) to oyster larvae 
- nloderately toxic (23 5 23% 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 dend/?O) 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 

21 - predicted b30 for R. abronius in 10-d dilution'wrieu with 
Yaquina Bay, Oregon sediment 



Table 61. Naphthalene (continued). 

Reference Bfglo~ical Approach Concsnkotlone (gpb) 

LAKE UNION, WASHINGTON - 95% mortality to M. azteca 

S A N  FRANCISCO BAY, CALIFORNIA - Mghly todc (67 f 11.8% mortality) to R. abroniw - moderately toxic (33.8 f 4.7% mortality) to R. abronius - least toxic (18 f 6.6% mortal&) to It. abronius 

- significantly toxic (42.9 f 192% mortality) to R. abronius - not toxic (18.4 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 

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

WUTHERN CALIFORNIA - significantly toxic (51.7% mortality) to C. japonica - not toxic (232% mortality) to G. japonica 

TRINITY RIVER,' TEXAS - low benthic species richness (282 f 1.9) - Ugh benthic epede8 richness (33.3 f 4.0) 

A7 ELIZABE1'E-I RIVER, VIRGINIA - 100% mortality to L. randhurus exposed to 100% Elizabeth River 
sediment 95000 - LC50 (24-h) for L. utnthurus exposed to S6% Elizabeth River 
sediment 5320 - LC50 (28-d) for L. ranthurlds exposed to 25% Elizabeth River 
sediment 2375 

58 BLACK ROCK HARBOR, COWEC'CUT - significant toxicity to A. abdita in 104 bioassay 

National Screening Level Concentration@ 

5 Marine sediments 8 1% TOC 3670 

M Marine sediments O 1% -Ta: 414 

EquiUbrium Pdtioning 

4 EPA chronic marine EP threshold (43 4% TOC) 4 2 W  

17 EPA acute rnarlr.~ EF threshold (@ 4% TOC) 42000 

13 99 rcentile chronic marine p e d w b l e  contaminant derived from 
c R ronic water quality criteria @ 1% T E  500 



Ref ersnce Biological Approach Concentration8 (ppb) 

13 95 percentile chronic d n e  permissable contaminant derived from 
chronic water quality criteria @ 1% T W ,  720 

Spiked-Sediment Bioasaaye 

59 Liver somatic condition indices elevated in winter flounder 7370 
MFO induction in winter flounder liver significantly elevated 6200 
MFO induction in winter flounder kidney signii!cantly elevated 10710 

Total concentration includes sum of naphthalcnc, 1-methylnaphthalene, 2- 
methylnaphthalene, 2,6-dimethylnaphthalene, and 2,3,5-trimethylnaphthalene. 

References: 

1. Reller el 01.. .1.986 17. Lyman ct 01.. 1987 56. Andcrsorr er al., 1988 
2. FIT Environmental Services, 1988 20. U.S. ACOE, 1988 57. Schicwc er al., 1985 
4. Bolton et 01.. 1985 21. Swam er ol., 1989 58. Rogerson et al., 1985 
5. Neff ct al., 1986 29. Yakc er al., 1986 59, Paync el al., 1988 
13. Psvlou et al., 1987 47. Robcrts sf a1.,'1989 80. Tctra Tech, 1985 
14. Ncff el al., 1987 51.  Armslmng ef al.. 1979 8:. C H ~ M  Hill, 1989 

Vwiorrs, plf2w Bc@ text 

Table 6 2  Effecb rangedlow and eifects range-median values for naphthalene and 
28 concentrations used to determine theae values arranged in amending order. 

Concentrations (ppb) End Point 

Southern California bioassay COA 
San Francisco Bay, Califonlia bioassay COA 
ER-L 
Puget Sound, Washington bioassay COA 
Marine SLC 
99 Percentile EP chronic marine O 1% TM: 
Conmncerncnt Bay, Washington bioassay COA 
Commencement Bay,Washingtun bioassa COA 
95 percentile EP chronic marine @ 1% T h 
Commencement Bay, Washington bioassay COA 
Eagle Harbor, Washington bioassay CQA 
Commencc?ment Bay, Washington bioassay COA COA 
hgct  Sound, Washblgton AET- amphipod 
Puget Sound, Washington AET - oyster 
ER-M 
h g ~ t  Sound, Washington AET - benthic 
Puget Sound, Wauhington AET - Micro tax'" 
Elizabeth Ever, Virginia bioassay COA 
Puget Sound, Washington AET - amphipod 
Puget Sound, Washington AET - benthic 



CsnaentPatisns (ppb) End Point 

Marine SLC 
Puget Sound, Washington bioassay COA 
SSB with flounder 
SSB with flounder 
SSB with flounder 
Trini alver,Te>cas benthos COA 
Lake % nion, Washington bioawy COA 
EP acute marine threshold Q 4% TOC 
Elizabeth Rlver, Virginia bioaeaay CQA 
Elizabeth River, Virginia bioassay COA 

Data available for pe lene are from studies in which bioasseys of §an Frmdsco Bay, 7 southern California, and E izabeth River sediments were performed (Table 63). There are too 
f little 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 f concentrations (230. and means o 173, 212, and 175 & respectively). The perylene 
concentrations in Elizabeth River sediments that were toxic to L, xanthurus were much higher 
(means of 1677 ppb and greater). 

Table 63. Summq of mdlnent effects d a h  available for perylene. 

Ref ercncee Biologica1 Approaches Concentrations (ppb) 

Apparent Bffecb lIZrrer~kollds 

* SAN FRANCISCO BAY, CAI-IFORNLA AET 
- bivalve larvae bioassay - R, abranius amphipod bioasaey 

Co-Occurrence Analyeee 

c S A N  FRANCISCO BAY, CALIFORNIA 
- highly toxic (67 f 11.8% mortality) to R, abroniaq .I73 f 124 - moderately toxic (33.8 f 4.7% mortality) to R. abrorzius 139 f 43 
- least toxic (18 f 6.6% mortality) to R. abronius 98 f 68 

- significantly toxic (42.9 f 19.2% rnoridity) to R. abmnius I59 f 92 
- not toxic (18.4 f 6.8% mortality) to R, abronius 85 f 68 

- highly toxic (92.4 f 4.5% abnormal) to bivalve larvae 212 f 39 
- moderately toxic (594 f 11.3% abnormal) to bivalve larvae 132 f: 92 
- least toxic (23.3 f 7.3% abnormal) to bivdve larvae 81 f 78 

- significantly toxic (55.7 f 22.7% abnormal) to bivalve larvae 146 f 86 
- not toxic (31.9 f 15.5% abnormal) to bivalve larvae 32 f 55 



Table .a. Pqllenc lcontinuedP 

Rle%ef&ncee Blfolo,al,cal Approaches CencenbraHone Gpglb) 

% SOUTHERN CALIFOvRMA - aigdfiaantly toxic (51.65'16 mortality) to G. juponica . 175 & 120 - not toxic (23.2% mortality) to G. japnica 82 f 118 

47 ELIZABETH RNER, VIRGINIA - 100% mortality to L. xanfhurus expo& to 100% Elizabeth River sediment 50700 - LC390 (24-h) for L, ranthtarus exposed to 56% Elizabeth River sediment 28392 - LC50 (28-d) for L. ranthurus exposed to 2.5% Elizabeth River sediment 1677 

47. Roberta ef al., 1909 
56. Anderson et al., 1988 
* Variou8, ,please see text 

Data available for phenanthrene are from studies in which Puget Sound AETs were 
determined; SSBs were performed with amphipods and winter flounder; national SLCs were 
calculated; ElJIclerived thresholds were predicted; and bioaseaye of sediments from 
Commencement Bay, Ea le Harbor, Lake Union, %n Francisco Ba , southern California, r Columbia Rivm, and B tzabeth River were rformed (Table Mg San Francisco Bay 
sediments that were least. moderately, an&ighly toxic to amphipods had similar 

hensnthrene concentrations. San Francisco Bay sediments that were si ficantly toxic to 
Eivaive larvae had similar concentrations of phenanlhrene compared to tl? ope that were not 
toxic. Eagle Harbor sediments that were ntcderately toxic to amphipods had a lower mean 
phcnenakhrenlu c o n c e n h n  than tho= that were least toxic. These data were not usedl to 
determine ER-L and ralucs (Table B-29). 

The lower 110 I- t ~ l e  value of the data suggests an ER-L of about 225 ppb, a vdue 
supported by m California and San Francisco Bay bioassay data (means of 222 f 136 

b and 224 f eb, respectively) (Table 651, 'I'he 50 percentile of the data suggest an 
[[-Ad of about ... ou  ppb, a value supported by highly toxic Commencement Bay ssrnples 
(mean of 1379 f 2546 p b) and an EF-derived criterion of 1390 ppb. There is an overall P apparent effects thresho d at about 260 ppb, but there are data from Commel.rcemcnt 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 should be 
considered as moderate. There are data from all of the major ap roaches and them is 
convergence within this range. but the data from a S B  with an amp R ipod suggest that the , 

effeats threshold among sensitive species m y  (MICUP at concentrations much greater than the 
ER-L/ER-M range. The AET lies within the ER-L/ER-M ran e, but is contradicted by 
observatians of no effects at higher concentrations determined in t f ree study areas. 



1 19$6 PUGET SOTR\FD AET - A. abronius amp~upod bioassay .. oyster larvae (C. 818118) bioaasay - benthic community composition - MicratoxTm bioassay 

2 1988 PUGET SOUND AET - R. abronius amphipod bioassay 
- oyster larvae (C gigns) bioassay - benthic ccmpmunity composition - MicrotoxTM bioansay ' 

20 PSDDA guidelines (based upon P u p t  Sound AEa? - scmnlng level concentration - mnximum level criterion 

* ' SAN FRANCISCO BAY, CALIFORNIA AET - bivalve Iarvae bioassay - R, abronius amphipod bioassay 

C c d e c m e n c e  Andynes 

80 COMMENCEMENT BAY, WASHINGTON - highly toxic (15.7 f 3.9 dcadl20) to R. abronius - moderately toxic (5.2 f 1.1 dead/20) to R. abronius - least toxic (2.5 f 0.9 dead/20) to R. abroniws 

- highly toxic (445 f 19% abno~ma,; t~ 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 (2.61 f 1.4 dead/2O) to R. abronius 

21 - predicted LC50 for R, abmnius in 1O-d dilution series ' #  

with Yaquina Bay, Orcgon .sediment 

29 LAKE UNION, WASHINGTON 
- 95% mortality to H. azteca 41 0000 

52 , COLUMBIA RIVER, WASHlNGIYIN/OREGON - not toxic (0-1356 mortality) to H. azfeca 580' 

e $AN FRANCISCO BAY, CALIFORNIA 
- highly toxic (67 f 11.8% mortality) to R. abronius 242 f 203 
- moderately toxic (33.8 f 4.7% mortality) to R. abronius, 228 f. 146 - least toxic (18 f 6.6% mortality) to R. abronius 188 f 197 

- significantly toxic (42.9 f 19.2% mortality) to R. abronius 220 f 163 
- not toxic (18.4 f 6.8% mortality) to R. abronius 199 -fr 205 



T&blc 6% QW- of rredhent rffrtb, dab avallabile far phenah€keaC. p 

- highly toxic (92.4 i 4.5% abnormal) to bivalve larvae 475 k 160 - moderately toxic (59.4 f 11.3% abnomnal) to bivalve larvae 224 k 203 - Im$t toxic (23.3 f: 7.32 abnormal) to bivalve larvae 6 5 k N  

- dgnlffcantly toxic (55.7 f 22.7% abnormal) to bivalve hrvae 233 1 208 - ncrr kc& (31,9 k 15.5% abnormal) to bivalve larvae 159 216 

56 SOUTHERN CALIFORNIA 
- sigdficantty toxic (51.7% mortality) to G. japonica - not toxic (232% mortality) to GC. japonicu 

47 ELIZABETH RIVER, VIRGINIA 
- 1T#1% mortality to L. xanthurus exposed to 100% Elizabeth 

Rver sediment - LC50 (24-h) for L. xunfhurufi exposed to 56% Elizabeth River 
.sediment - L a  (28-d) for L. xlrnthurus exposed to 25% Elizahth River 
sediment 

National Screening Level Concentrations 

5 Marine dAiments @ 1% TOC 

14 Marine sediments @ I % T K  

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

17 EPA acute marine EP threshold (O 4% TOC) 

13 99 percentile chronic marine permissable contaminant dcrivcd 
from chronic watcr quality criteria 8 1% TUC 

13 95 percentile chronic marine permissable contaminant derived 
from chronic water quality critcris @ 1% TOC 

I 

25 Scdixnent safe levels b a d  upon scdimcnt/water partitioning 
corfficients and acute water quality criteria 8 1% TOC 14000 

6 'EPA interim mean freshwater sediment quality criteria 
Q I % T K  1390 

EPA interim mean marine sediment quality aiPeria 
0 l%TOC 

65 Significant toxicity to R. abronius with mixtures of aromatic 
and chlorinated hydrocarbons 500 

59 liver somatic condition indices elevated in winter flounder 340 
MFO induction in winter flounder liver significantly elevated 270 
MFC) induction in winter flounder kidney significantly elevated 429 



Ref erencce BisPoglaol Approaclreo Conice~tmtlons (pgb) 

21 LC50 d1W) with 8. abronius 3686) 

Ref exenace: 

1. Belltretal., 1986 17. Lyman el a/., 1987 56. Anderson er al., 19811 
2. FTl Bnvhnrncntal SeNices, 1988 20. U.S. ACOE, 1988 59. Payne er al., 1988 
4. Bolton el al., 1985 21. S w m  et a!., 1989 65. P l a p  er al., 1988 
5 .  Neffet al., 1986 25. Pavlou, 1987 85. C H ~ M  W, 1989 
6. EPA, 1988 29. Y&e el al., 19M 80. Term Tecli, 1985 
13. hvlou el at., 1987 47. Robm cr al., 1989 ' * Various,  plea^^ scc text 
14. Neff et al., 1987 52. Johnson er al., 1988 

Table 65. Effects'rmge-low &d if fecb range-median values for phenanthreno 
and 34 concentrations used to determine these values arranged in ascen4ing 
order. 

Concentsationra (pgb) End Point 

San Francisco Bay, California AET 
99 percentile EP chronic marine @ 1% TOC 
Southern California bioassay COA 
San Francisco Bay, California bioassay COA 
m-L 
95 percentile EP chronic marine Q 1% TTOC 
Marine SLC 
SSB with flounder I 

SSB with flounder 
Marine SLC 
SSB with flounder 
San Francisco Bay, California bioassay COA 
SSB with R. abroniul;: mixtures 
San Francixo Bay, California AET 
Commencement Bay, Washington bioassay COA 
Commencement Bay, Washington bioassay COA 
Eagle Harbor, Washington bioasmy COA ' 
EP interim marine criteria O 1% TOC 
Commencement Bay, Washington bioassay COA 
ERdM 
EP interim heshwater criteria @ 1% TOC 
Puget Sound, Washington AET - oyster 
Puget Sound, Washington AET - MtcrotoxTM 
Commencement Bay, Washington bioassay COA 
Puget Saund, Washington AET - benthic 
SSB with R. abronius LC50 
P u ~ t  Sound, Washingon AET- amphipod 
Pub-t Sound, Washington AET - benthic 
Puget Sound, Washington AET - amphipod 
EP acute sediment safe level 



Table 65. Cconthuad) 

33603 Eagle Harbor, Washington bioassay COA 
5600Q IDP chronic marine @ 4% TQC 

105So Elizabeth River, Virginia bioassay COA 
220000 Elizabeth River, Virginia bioassay COA 
4lOOOO Lalce Union, Washington bioassay COA 
2363200 Elizabeth River, Virginia bioassay COA 

Data available for pyrene'are from studies in which Puget Sound AETs were determined; 
national SLCs were calculated; EPderived thresholds werc predicted; SSDs with winker 
flounder were conducted; and bioassays of sediments from Commencement Bay, Eagle I-Iarbor, 
Lake Union, San Francisco Bay, muthem California, and Elizabeth River were performed 
(Table 66). San Eranciwo Bay sediments that were significantly toxic do both amphipods and 
bivalve larvae had pyrene concentrations similar to the samples that were not toxic. San 
Francisco Bay sediments that were highly toxic to amphipods had pyrene conmntratiom~ 
similar to those that were least toxic. Commencement Bay sediments that were moderately 
toxic to amphipods had mean pyrene concentrations lower than tho% that were least toxic. 
Columbia River sediments with up to 2500 ppb pyrene were not iaxfc to amphipodor. One each 
of the Puget Sound and San Francisco Bay MTs was rrot definitive. Thew data u cre not used 
to determine ER-L and ER-M values (Table 8.30). 

The degree of confidence in the ER-L and ER-A4 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-LJER-M range, and therc is consistcncy and cluotering 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-LIER-M range. 

Tablie 66. Suxuniarpr of sediment effects data available for pFene. 

References Biological Approaches Canccntrations (ypb) 

Apparent Effects Thresholld 

1986 PUGEZ SOUND AET 
- R. abronius amphipod bioassay 4300 - oyeter larvae (C. gigus) bioassay 3300 
- benthtc community composition >ZOO 
- MicrotoxTM bioassay 2600 



Table 66. Pyrene (contlnusdb. 

References ~ io lo~ic in l  Approachel Conccentrabiom (ppb) 

Apparent Effecb Threehold 

2 1988 PUGET SOUWD:AET 
- 'R, rabronius amphipod bioassay 
- oyster larvae ,(C. gigas) bioamy - benthic cqmunity composition - MicrotoxTM bioassay 

20 EDDA guidelines bawd upon Pup t  Sound AET) 
- ssreening level concentration - maximum level criterion 

* SAN FRANCISCO BAY, CALIFORMA AET 
- bivalve larvae bioassay 
- R. abronius amphipod bioassay 

Co-Occurrence Analyses 

COMMENCEMENT BAY, WASHXNGTOM 
- highly toxic (15.7 f 3;9 dea'd/20) t0.R. abronius 
- moderately toxic (5.2 S 1.1 dead/20) to R. abroniu,s - least toxic (2.5 f 0.9 dead/20) to R. abronius 

- 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 

EAGLE HAiZBOR, WASHINGTON 
- predicted LC50 for R, abronius in 104 dilution wries 

with Yaquinch Bay, Oregon sediment 

LAKE UNION, WASHINGTON 
- 95% mortality to H. azteca 

52 COLUMBIA RIVER, WASI-INGTON/OREGOM 
- not toxic (0-13% mortality) to H. azteca 

* §AN FRANCISCO BAY, CALIFORNIA 
- highly toxic (67 f 11.8% mortality) to 8. abronius - moderately toxic (33.8 i 4.7% mortality) to R. abronius 
- least toxic (18 f 6.6% mortality) to R. sbronius 

- 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 bivalve larvae 
- moderately toxic (59.4 f 11.3% abnormal) to bivalve larvae 
- least toxic (23.3 f 7.3% 'abnorm\nl) to bivalve larvae 

. . 
- significaitly toxic (55.7 f 22.7% abnormal), to bivalve larvae - not 'toxic (31.9 f 15.5% abnormal) to bivalve larvae 

56 SOUTHERN CALIFORNlA 
- significantly toxic (51.7% mortality) to C. japonlca 
- not toxic (232% mortality) to G. japonica 



at.1p-&e~.e&~as Biolaglcd Approaches Concentrations (ppb) 

67 ELIZABETH FWER, VIRGINLA - 1[30% mortality to L. ranthum exposed to 100% Elfinbeth 
River sedirrlent 1350000 - LC5Q 4 2 4 4 ~ )  for L, mwrntfturus exposed to !%% ElSzabth River 
tx??dhent 7 m  - LC30 (28-d) for L, xgnfkum exposed to 25% Elizabeth Wvbr 

d r n e n t  33750 

National Sa~renhg Level Conaentrations 

5 Mahe wdimmts @ 1% TOC 4% 

14 Marine sediments 8 1% TCX: 6fr5 

4 BPA chronic marine EP threshold ((iP 4% TCX) 

17 BPA acute marine EP threshald (@ 4% T X )  

13 99 percentile chronic marine pcrmiwble conhminnnt 
dcdved from chrodc water quality criteria @ 1% TOC 

13- 95 pt?xconlile chronic marine pcrmimable cuntarnimnt 
derived from chronic water quality criteria @ 1% TOC: 

6 EPA interim mcan freshwater sediment quality criteria 
based upon E M  11% TOC 

25 Sediment safe Icvels based upon scdimcnt/wnter partitioning 
coefficients nnd acute water quality criteria 

59 Liver somatic condition indices elevated in wintor flou~~der 
MFCi induction In winter flounder liver significantly elevated 
MFO induction in winter flounder Iddney significantly elevated 

References: 

1. Bcllw et al., 1986 14. N ~ f f  et al., 1987 47. Roberts el al., 1989 
2. IYI'I Bnvironmend Services, 1988 17. Lyman et al., 1987 52. Johnson et ul., 1988 
4. Bolton et al., 1985 20. U.S. ACOE, 1988 56. Anderson er al., 19&8 
5 .  Neffet al., 1986 21, Swam el al., 1989 59. Payne et al., 1988 
6. EPA, 1988 25. Pavlou, 1987 80. Tclra Tech, 1985 
13. Pavlou er al,, 1983 29. Yakc el al., 1986 * Various, pleasc see text 



$able 67, MII& ran~ct.rlow and effects rangemedian vinluetr for pyrenr andl 28 
ccsneentratlans uceed to datermince Ulese valuce mangad h ascending order. 

9SB with flounder 
S9B with flnr~ndcr 
Eagle FYnrbar, Washington bioassay COA 
BR-L 
S9B with flounder 
Marine SLC 
fhuthemr California bioassny COA , 

Marine SLC 
San Pr~nciwo Bay, California bioawy COA 
99 percentile EP chronic mr inc  8 1% TOL: 
Cammccment hy,Washin~;ton binaavs COA 
Ssn Pmnclsm Bsy, California bioassay $0A 
Commencemnt Bay, Washington bioassay CC)A 
Commcncorn~t Bey, Washington bioassay COA 
95 pcrccmtile EP chronic marina Q 1% TCK 
%n Prancihlco Bay, California bioasmy C8A 
ER-A4 
Pupt  %und, Washington AET - Ml~rotnx*~ 
.%n Francisco Bay, Califomin, AET 
Pugat bund, Wa~hingon ABT - oy~lror I 
Pupt Sound, Washington M T  
EP freshwater Intcrim crilcria @ anph8F 1% T 
Pug& Sound, Washington AET - amphipod 
Puget Sound, Washington AET ., benthic 
Elizabeth River, Virginia bioassay COA, 
BP acute sediment ssfc level 
EP chronic marine @ 4% 7 D C  
Lake Union, Washbigtan bicvassuy CQA 
~li'zabeth River, Virginia bionamy COh 
Elizabeth River, Virginia bioassay COA 

No data were located with which to relate 2,3,5-himcthylnaphthalcnc concentrations in 
sediments to measurns of biological effects. 

Total PolynucYear Aromatic Hydrocarbono (PAH) 

The data available for total PBJ-I include those from SSBs and co-occurrence analyses of 
matching biocffrcts and chemical data from variuus invcstigalions in the field (Table 68). 
The SBBa were performed with amphipods, bivalve lame,  and tho ,fish L. xanfhurus. The 
matching dah are from San Fraqcisco Bay, southern Cnllfornia, Eagle Harbor, Puget Sound, 
Commencement @y, Mississippi Sound, Forth Batuary (Scotland), Hampton Roads, Lower 
Columbia River, ~assachusetts Bay, and Hudson-Raritnn Bay. In addition to the COA, the 
Mississippi Sound data from two types of bioassays (amphipod Gammarus mucronatus and 
mysid M y s i d q i s  almyra) wcre evaluated to determine AET concentrations. 

Some of the dab were not used to determine the ER-L and ER-M values (Table 8-31]. 
Ssme of the dab from San Francisco Bay biuasaays performed with amphipads, from studies 
of meiofauna in Forth Estuary, from bioassays of Mississippi Sound performed with mysidv 
and with amphipods, and from moderately toxic Hampton Roads gedimcnb tested with 
shrimp were not uged because they either lacked a gradient in concentration or lacked 



~oncaadance between the btol~~gica3 and the chemical data. One each of the Snn Franci~o 
Bay and Miesimippi %und MTr, weFe not definitive. 

.The cate any of toul PAH ia difficult to evaluate since dffhent individual IPMs have 
h n  4 m M  f edl by different investigators and reported as totarl PA13 (Table B-31). Therefore, 
fht! dab available far evaluation are not necessarily equivalent. Far example, some of the 
dak were rs artred as told PAH or total h dromrbons and the idcnti and number of 
quantified hy $ mcsrbons were not specified. &ong the data seta cwluatex a minimum of 4 
FMi$ and a maximl~m of 21 PAHs ware quantified. However, there is enou~h  similarity 

the data to warrant a cautious review of the roncmtrattane aasocinfed with mcmurcs 
of eeE cats in aedimente. Most investigators raporteci the eume of 13 to 18 individual ""T 
1~ydr01?arbe,m. Nn Pugct Sound ABT. has been reported for the catsgory of total PAH. Alsa, 
since the Crsmmencomcnt Bay data were re r t d  as sums of the~e  two cotagor.fos (low 
nolacular waight and high molecular wolght !? AH), COA werc performed with sums of the 
two mean cancentratians as an irpprodmation of total PAf-f. The BET concentrationv 
dd~rltnined wit* the Misaissippl Sound data also were of questionable value. No definitive 
M T  for thc amphipod bioassay could be detc?nnind; the sam ic with the highest PAH 
cnrr~entration &at WA5 significantly toxic hael 205,OtM ppb PAM. &I, y one othw aam te that 
was sfpifitnntly toxic to mysida exceeded the AET conmhetion of 99,4400 ppb  din the 
$ample. 

Effects were associated with total PA84 concentrations ne law as 890 ppb, the AET 
dotemined fur San Francisco 'Ekl sediment6 tat& with bivalve larvae bloassays (Table 69). Y The lower 10 percentile valuc o the dab Is qulvalcnr to about 4000 ppb (3800 rounded to 
4000 p b), the BR-L cancentration. This value io supported by observattons in San Prancim 
Ray o P the concentration associated with miniinurn mearasurw of biocffccta 138QO ppb) and 
significant toxicity to bivalve larvae (mean 4022 ppb). With several exceptioris, ofbect~ were 
ueually observed in association with total PAH conccntrations of shut  11000 ppb or greater. 
There i s  an apparent d f w b  threshold among the data at nbout 22000 ppb; effects were 
usually observad at higher total PAH concenhations. 7'he 50 percentile value in the data 
suggests an ER-M concontration of about 3 5 0  ppb. Tllis concentmtion Is sup rted by the 
abwrvatlona of low Massachuwtts Buy s err richness (mean of 35000 ppb) an high toxidty 
in Hsmpton Roads d i m c n b  (mean of 3 s" 700 ppb). 

r 
The majority of the data are available from matching biological and chemlcal analy~es 

of Add-collected semples, and, tl~crcfnre, are subject to the weak;nwscs outlined earlier in 
this document. The data from the fcw S9B3 in which individual PAM wore quantified 
indicated very high LC50s (c.g., ~180,OW ppb). Thc individual PAH that ware quantified 
and the number of PAW that were quantified and summed differ& among investigators. 
There are no effects fhreslholds predicted by EP methods available for a category of total 
P M .  Small clusters of data supported the ER-L and ER-M valuce. The total data eel had 
an extremely wide rangc in conccntrations. Because of these problems, the de ree of 
confidence in the ER-L and ER-M values for total PAH should be considered as rc f atively 
low. Hawever, there did appcar to be a relatively clear overall threehold in the data. A 
much more starndardirxd mothod of-rc rting results and mare data are nceded to dekrmine 
thc total PPLH conccnfrations anmiat 6 with mcaswcs of effects in sediments. 

Table 68. Summq of sediment cffecb dab available for total PPLHs. 

References Biological Approaches ConyntrzaHona (ppb) 

Apparent Effects Threshold 

1 1986 PUGET SQWD AET FOR LOW MOLECLLAR WEIGHT PAH - R. abronius am hipod bioassay 5200 - oyster larvae tE pgu.9, bioassay 5200 - benthic community composltian 610 
- MicrotoxTM bioassay 5 2 0  



Table a. Total PAHs 4continued) 

Ref erencs~ ~ i ~ l o $ i c a l  Approaches Concentrations (pgb) 

I 1986 PUGET S C ) W  AET FOR HIGH MOLECULAR WEIGHT PAH - R. abronius amphipod b i o a ~ a y  1800 
- oyster larvae (C. @gal bioassay 17000 - b t h i c  community composition >51000 - McrotoxTM b i ~ a w y  2 2 0 0  

2 1988 PUGET WWND ABT FOR LOW MOLECULAR WEIGHT PAH - R. abroniu~ am hipod bioassay 24000 - oyster h ~ ~ e  (E g'tgcle) bioassay 5200 - benthic community composition 13001) - MicrotoxrM bioassay 5 2 0  

2 1986 PUGET S 6 ~  AET FOR HIGH MOLECULAR WEIGHT PAH - R, abronius arnphipd bioassay 61M00 ' - oyster larwae (C. gigas) bioassay 1 700U 
- benthic community composition 69000 - Micro toxTM bioassay 12WO 

20 - PSDDA screening level - low molecular weight PAH 610 - B D D A  ecmning level - high molecular wcight PA11 1 8 0  - PSDDA maximum level - low molecuhr weight PAW 6100 - PSDDA &mum level - high molecular weight PAM 5'1000 

* SAN FRANCISCO BAY, CALIFOWLA AET I - bivalve larvae bioassay 870 - R, ubronius amphipod bioassay >I5000 

84 MISS15SlTJPI SOUND, MISSISSIPPI AET - AFT for amphipod bioassay >2050QO 
- AET for rnysid bioassay 99400 

80 COMlWENCEhdENT BAY, WASHINGTON: LOW MOLECULAR 
WEIGHT PAH - highly toxic (15.7 f 3.9 dead/20) to R, abronius 6977 k 8437 

- moderately toxic (5.2 f 1.1 dead/20) to R. abroniur; 2031 f 1316 - lecst toxic (2.5 f 0.9 dead/20) to R. abmnius l602f 1411 

- highly toxic (44.5 f 19% abnormal) to oyster larvae 3835 5 4852 - moderately toxic (23 f ,2,3% abnormal) to oyster larvae 2003 f 1405 
- Ieast toxic (25.1 f 3.1% abnormal) to oyster larvae 1019 k 943 

80 COMMENCEMENT BAY, WASHINGTON: HIGH MOLECULAR 
WEIGHT PAW. - highly toxic (15.7 i 3.9 dead/20) to R. nbronius 9794 f 12821 - moderately toidc (5.2 J: 1.1 dead/2O) to R, abronius 6178 k 6438 

-least toxic (2.5 f 0.9 dead/20) to R, abmnius 4865 f 4800 

- kighly toxic (44.5 f 19% abruormal) to oyster larvae 9042 f 9573 
- moderately toxic (23 * 2.3% abnormal) to oyster larvae 5838 .f 4042 - least toxic (15.1 f 3.1% abnormal) to oyster larvae 2686 k 2631 



Tabla 68. Tohall PA& (continued) 
- --- - - -- - 

Biological Approaches Concentrations (ppb) 

Co-rDceu~!encs Analyses 

* SAW HRANCISCQ D M ,  CALIFORNIA - highly toxic (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% mortality) to R. abrotvius 

- significantly toxic (42.9 1 19.2% mortality) to R, abronius - not toxic (18.4 4 6.8% mortality) tn R, abroniurt 

- highly toxic (92.4 f 4.5% abnormal) to bivalve l m a e  - moderately toxic (59.4 f 11.3% abnormal) to bivahlc larvae - least toxic (23.3 f 7.3% abnormal) to bivalve larvae 

- significantly toxic (55.7 1 22.7% abnormal) to bivalve larvae 4022 f 4 N  - not toxic (31,9 f 15.5% abnomcnl) to bivalve larvae 2557 k 3816 

7 - sediment quality triad significant biwffocb - ,sediment quality t iad  minimum bioeffwts 

PUGET SUUND, WASHINGTON 
57 - highly toxic in MlcrotoxTu bioassay 5%30 k 112.530 - moderately todc in MicrotoxTM bioassay 13933 k 17427 - lmst toxic in MicrotoxTM bioassay 763 2 727 

26 - highly toxic (95% LI'L) to R. abronius - moderately toxic (~07.5% survival to ~ 9 5 %  LPL) to R. abtonius 
- least toxic (47.5% survival) to R.  abronius 

52 COLUMBIA RIVER, WASHINGTON - low toxicity (0-13% mortality) to H. aztecn 

84, MISSISSIPPI SOUND, MISSISSIPPI - highly todc (90 f 11.7% mortality). to mysid M. almyra - moderately toxic ( 53.5 f 7.4% mortality) to m sid M, aImyra - least toxic (8 f 8.8% mortality) to mysid M,  a r myra 

- significant mortality (71.8 * 221.4%) to rnysid M. alrnyra 
- low mortality (8 f 8.8%) to mysidd M. almyru 

- highly toxic (76.9 f 214.1% mortality) to amphipod G, rntrcronattds 
- least toxic (14.4 f 5.9% mortality) to amphipod C. zr:rpc(*lntus 

- significantly toxic (80.7 1 23.2% mortality) to amphipod 
G, mucronaSus 

- not toxic (16 k 9.4% mortality) to amphipod G. mucronatus 

79 HUDSON-RARITkN ESTUARY, NEW YORK - negative growth in nematode bioassay - positive growth in r~c.matcde bioassay 

81 FORTH ESTUARY, SCOTLAND 
- low meiofaunal density (112.4 k 123/sample) 

' - moderate meiofaunal density (1334 i 396/sarnple) 
- high meiofaunal density ( 3 5 4 a  1774/sample) 



Table 68. Total PAHs (continued) 

Ref erenace Biologleal Approacheo Concentratlone Ippb) 

82 MASSACHUSE'ITS BAY, MASSACHUSETTS - low macrofaunal spedes richness (31 f 6.5) - moderate rnacrofaunal spies dchnees (%.I f 10.4) - high macrofaunal species rfcheae (93.6 f 9.4) 

31 lWLAMM'ON R ~ A D S ,  VIRGINIA - highly toxic (70 f 20.3% mortality) to P. pugio ehrlmp - moderately toxic (8.8 f 1.8% mortality) to P, pgfo shrimp - least toxic (2.2 f 1.8% mortality) to P. pugio ehrimp 

ELIZABETH W E &  VIRGWIA 
'37 - 56% overall mortality among spot L. xanthum - 100% fin erosion among spot L. mnthurus 

,47 - 100% mortality to L. xanthurus exposed to 100% Elizabeth River 
tlediment - LC50 (24-h) for L. xanthurus expsed to 56% Elimbeth River 
sediment - LC50 (28-d) for L, xanthurus exposed to 25% Elizabeth River ' 

sediment 

56 SOUTHERN CALIFORNIA - significantly toxic (51.7% mortality) to G. japonica - not toxic (23.2% mortality) to G. japnica 

58 BLACK HARBOR, CONNECTICUT - projected coricentrations significantly toxic to A. abdita amphipod 11273 

21 EAGLE HARBOR, WASHINGTON - predicted LC50 concentration toxic to R. abmniw 2580 

Spiked-Sediment Bioassay8 I i 
59 - elevated liver/eomatic indices in winter flounder P. americanus 22Bm - elevated liver MEO induction in winter flounder P. an~ericnnus, 18306Q - elevated kidney MFO induction in winter flounder P, amm'wnnu 29!%60 

28 - Bunker C oil LC50 for R. nbronius 224O000 

30 - low (7.4%) abnormality in oyster larvae (C. gigas) exposed 
. ' 

to ptroleum products ~~ 

1, Beller el al,, 1986 3 1. Aldcn and BUU, 1987 59. Payne el al., 1988 
2. PTI Environmental Senrhws, 1988 37. Hnrgis el al., 1984 79. Tietjen et a)., 1984 
7, Chapman et al., 1987 47. Roberts et al., I989 80. Tetra Tech, 1985 

20. U. S. ACOE, 1988 52. Johnson and Norton, 1988 81. Long, 1987 
l-- &.- 21. Swam et al., 1989 56. Andbcmn et at., 1988 82. Gilbert et al., 1976 

--'"'fi-& -@Witt et ol., 1988 57. Schiewe er al., 1984 84. Lytlc and LyLLe, 1985 
58. Rcgerson ct al.. 1988 * various, see text 

i 
28. Kemp et al., 1986 
30. El V. S, Consultanls, 1988 



F4l$1~~~69. BfPcets uaqgedow oR38 r'ffecb- saggc?nnedi.gn c@srte 'for Mtd .#&HIS and 
BYuon'sedtratione meed [to debemnine @ese tralueg ~in-~iqcendiqg ordec. 

~Qoncerutrations tpph.1 End Pairat 

Ssn Francisco Bay AET--bivalve 
Predictad LC50 Eagle Harbor-amphipod CQA 
San Francisco Bay mode~ately toxic-bivalve COA 
San Francisco Bay triad minimum bioeffects COk 
BR-L 
San Francisco Ba significantly toxic--bivalve COA 
Puget Sound m o!l' eratcly toxic-amphipod COA 
Commencement Bay moderately toxic-oyster COA 
Southern California significantly toxic-amphi 
San Francisco Bay tried significant bloeffccts Fd OA 
Black Rock Harbor slpificantly toxic-am hipod COA 
San Francisco Bay highly toxic-bivalve &A 
Puget Souncl highly toxic--amphipod COA 
Commencement Bay highly toxic-oyster COA 
Puget Sound moderately toxic-Micro toxru COA 
Commencement Bay hi ly toxic-emphi 
Maasachusctto Bay mo p erate spcieo ric l? ess coA CQA 
Massachusetts Bay low species richness COA 
ER-M 
Hampton Roads highly toxic-shrimp COA 
Mississippi Sound significantly toxic-mysid COA 
Hudson-Barftan highly toxic-nematode COA 
Mississippi Sound highly toxic-am hi 
Puget Sound highly toxic-Microtox p Pd OA CoA 
Mlwissippi Sound moderately toxic-mysid COA 
Forth Estua low moiofauna density COA 
Missisri~pi g u n d  AET-myaid bioassay 
SSB wit winter flounder tivcr MFO 
9SB with winter flounder liver condition 
SSB with winter flounder kidney MFCY 
LC50 2,5% Elizabeth iiiver--spot COA 
SSB with LC50 Bunker C oil--amphipod 
56% mortality Elizabeth River--=spot COA 
100% fin erosion Elizabeth River--spot COA 
LC50 56% Elizabeth Rivcr--spot COA 
LC1 OO 100% Elizabeth River--spot COA 

DISCUSSION' 

Review of ER-L and ER-M valuss 

l'he ER-L and ER-M concentrations for each chcmical and chemical. group are summarized 
and listed in Table 70. Also, the ratios between the rcspectivc ER-L and ER-M values for 
each chemical are listed as a measure of the spread or rangc in the chemical concentxtrtions, 
This ratio was generally lowest (average of 4.2 to 1) for the trace mctals (especially 
cadmium, chromium, arsenic, nickel, ~ n d  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 indicetc agreements among the various 
approa~hes  and the various data sets that were evaluated. For example, there is a 
relatively large amount of data available for cadmium generatd from a variety of methods. 
The 'Puget Sound AET concentrations range from 5.1 ppm to 9.6 ppm; the 10-d LC50 



concentrations from W y  SSBs with amphipods range from 5.6 to 11.5 p m; and significant 
toxicity to amphipods and reduced ~ N n o d e r m  abundance in huthern Aifornia sediments 
occumed in samples with mean cadmium concentrations of 5.3 and ,6.2 p m respectively. 
Effects we= not obeemed in sediments with cadmium concentration: of Iess t t-2 about 4 ppm. 
With some exceptions, biological effects were usually observed In association with cadmium 
concentrat.ions of 5 pprn or greater. The reponderance of evidence from these data suggest 
that effeata are likely or orexpected as cad rnr urn concentrations in sediments reach about 5 ppm. 
Also, the effect of adding or deleting data upon the ER-L and ER-M values for cadmum 
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 ER-L and ER-M P va urn was relatively low. For example, the Puget Sound AET concentrations for chromium 
are 260 and 270 pm, whereas effects were observed elsewhere In association with mean P concentrations as ow as 61 ppm and as high as 1446 ppm. Many of the biological measures of 
effects were not in concordance with chromium concentrations, suggesting that chramium had a 
minimid 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 date; whereas, the Puget Sound 
AET concentrations range from 130 p b to 3100 ppb, the %n Francisco Bay AET ran e from 54 

d' E to 260 p b, the chronic marine three old predicted by EP methods is 280 ppb, an d the LC30 
from a SB performed with amphipods is 10800 ppb. The effect of adding or deleting data 
upon the ER-L or ER-M values could be significant for some of the chemicals for which there 
is little consistency or clustering in the date. 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 werc as informative as the 
concentrations associated with measures of effects. Stlldiment bioassays performed with 
relatively highly contaminated sediments from San Diego Bay, New York Harbor, and Ea~le  
Harbor indicated low toxicity; whercas, wdiments from other arcas or tested with other 
spproaches with similar or lower chemical concentrations werc very toxic. Assuming that 
these tests were conducted with proper methods, the data may sug cst different degrees of 
availability of the sediment-sorbed chemicals. Based upon the met ods described, we had 
no reason to eliminate these data. 

f 

Overall, the degree of confidence in the accuracy of the. ER-L and ER-M values should bc 
considered as moderate for the metals group and PCBs and low for the pesticide and PAM 
groups. Much more data are needed to support or refute the ER-L and ER-M values for all 
groups and For individual analytes within the groups. . . . 

Also included in Table 70 is a summary of the subjectively dctcrrnined, overall apparent 
effects threshold for each chemical; the concentrations at and above which biological effecto 
were usually or always observed. The ER-L and ER-M values werc established objcctlvely 
with a priori yelection crlteria, 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, 
apparent effects thresholds were often observed and noted. l'hcse thresholds were established 
with a subjective approach. Tl~ereforc, they were identified and listed as evidence to support 

1 
I the accuracy of the ER-E/ER-M values and as hypotheses to be evaluated with additional 
I 

I data. They were not used to rank the NS&T Program sites. For several chemical analytes 

I (i.e., chromium, total DDT, dieldrin), there was no apparent effects threshold. For many of 
the pesticidee and aromatic hydrocarbons, there were insufficient data to determine a 
threshold, noted as not sufficient data (NSD) in Tablc 70. For many of the analytes, e. ., 
mercury, there were inconsistent data at concentrations above the apparent: effects thresh01 d p  s, 
i,e., data from some studies indicated no effects at relatively high concentrations of the 
analytc, The apparent effects thresholds for most of the trace metalu, PCBs, DDT, and some 
of the aromatic hydrocarbons were very similar to thc respective ER-M values or within the 
ER-L/ ER-M rangc. However, the a parent threshold was outside the ER-L/ER-M range for P antimony and lead. The apparent ef ects threskmld for antimony was 25 ppm, a concentration 
equivalent to the HR-M concentration. The apparent effects threshold for lead (300 ppm) on 



Table 70. Dummry  41 6W-b, ER-lyB, mnd ovwall mpprent dfeate Chmrhaldc eonamtmttono tor w l W  ohnrdcela 
In mdlmaril (dw weight). 

Oti~mlcol ERqL ER-PB 6kL:EM Overall Apporent trubloallvs Dq$rocp 
Analyto Conoontratlon Conoentratlon Rotlo Effuutm ThrorRclQ of CoMdPncw In 

. . ER-UBR*I Valuer 

Antlmony 
Arsenlc 
Ondmlum 
Chromlum 
Oopper 
L a d  
Meroury 
Nlcltel 
Silver 
Tln 
Elno 

Moderatelmoderate 
Lowlmoderate 
HlgYhlgh 
Moderatelmoderate 
HlghlhlOh 
Moderatelhlgh 
Moderirtelhlglr 
Modoralelmoderate 
Moderotelmoderale 
NA 
Hlghlhlgh 

Palyohlorlnated Blphonyle (ppb) 

Total PCtle 80 400 7.6 370 Moderalolmoderete 

DOT and Wmtgbollter (ppb) 

DDT 
WD 
DDE 
Total DDT 

Othor Portlclder (ppb) 

Llndane 
Ghlordene 
Meplachlor 
Dleldrln 
Aldrln 
Endrln 
Mlrex r; 

Polynuclasr Arometla Hydroactbane, (ppb) 

Acenaphthene 150 660 4.3 
Anlhracene 85 880 11.3 
Benzo(a)anthracono 250 1600 7 
Bnnzo(a)pyrene 400 2500 8.2 
Benzo(e)pyr~ne FIA NA MA 
Biphenyl NA NA NA 
Ohrysene 400 2800 7 
Dlbonz(a,h)onlhracene 6 0  260 4.3 
2,6-dlmsthylnaphlhylene NA NA MA 
Fluoranlhene 600 3600 6 
Fluorene 3 6 840 10.3 
1 .melhylnaphthalene NA NA NA 
2-rnett\ylnaphlholeno 6 6 670 18.3 
1 -me!hylphenanlhrene NA NA NB 
Naphlholene 340 21 00 6.2 
Perylonill NPI NA NA 
Phenonllirene 225 1380 8.1 
Pyrene 360 2200 6.3 
2,3,6.trlmelhylnaphIhalenf U9 UA N A ,  
Taal PAH 4000 36000 0.0 

" NSD e not 6 U f l l d ~ l  data 
" NA P na( avelWo 

8 Lowllow 
FlSD Moderalellow 
PLSD Lowllow 
No Moderalolmoderate 

Mu) NA" 
2 Lowllow 

raso W 
No Lowllow 

N58 NA 
NSD Lowllow 
FBSD NA 

160 Lowllow 
300 Lowlmoderalo 
650 Lowlmoderate 
700 Moderatolmodora~e 

- m M 
M30 NA 
DO0 Modoralolmodorate 
100 Moderalelmoderale 
MSD W\ 
I000 Kli$rlhlgh 
360 ~ow/ low 
m Nn 
300 Low/modora\e 
l4Sn NA 
500 Modoralolhlgh 
)SSD NA 
260 Moderalelmodorato 
1000 Modoratelmodornle 
m NA 

22000 Lowllow 



the other hand, was comjlderably higher than the respective BR-M concentration (110 ppm), 
resulting in a somewhat lower degree of confidence in the ER-M value for lead. 

Bvaluatiow of NS&T Psqgram Data 

The ER-L and BR-M concentrations were compared with the ambient concentrations 
measured by both the Benthic Surveillance Project (%letter site location codes) and Mum1 
Watch Project (4-letter site description codes) .of the NS&T Program. The data from the 
N+T Program were awmbled from (uaudly) 2 successive years of measurements at numerous 
sit= around the coastal Unfted States. Overall average conccntrationa, were calculated for 
each analyte measured In sediments from each site. Tlroac, aites In which the average 
analyte concentrations exceded the respective ER-M values are listed in Table 71. Those 
sites in which the average arralyte concentrations excccdd the respective BR-L values, but 
not the ER-M valuee, are licked in Table 72, 

The ER-L and ER-M values for arsenic ware not reached or exceeded at any NS&T 
sampling site. The average ambient concentrations of antimony, cadmium, copper, and total 
PAIH did not exceed the respective ER-M values at'any of fhe sites, 

Among the trace metals, the ER-A4 value for chromium was exceeded by sediments from 
the most sites (25 out of about 200 sites). The average chromium concentration of 2114 ppm 
obmrved in the sedimente from site SAL (located in Salem Harbor, Massachusetts) was the 
highest, exceeding the ER-R-M value b over an order of magnitude. Chromium concentrations 
also were very high ~t sites PAB ? in Sen Pablo Bay, California) and HIM13 (in Humboldt 
Bay, California). Average lead concentrations were hi kest in site OEIH (in the Oakland 
estuary, California), exceeding the ER-M by about twofolf. The BR-M of 1.3 pprn for mercury 
was exceeded by the average concentrations at six sites, including an average of 3.3 ppm at 
site 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 aite BOS (located in Boston Harbor, Massachuwtts) exceeded the 
ER-Ad b Bibout threefold. All but one of the sites thnt e x c c d d  the silver ER-M were located 
in Nort E east esharies or bays. 

The BR-M concentrations for many of the aromatic hydrocarbons were either not exceeded 
by the average ambient concentrations or exceeded at only one or two siteu. Site HRUB 
exceeded inany of Cl~e ER-M value8 for individual PA.H and nearly exceeded the ER-M value 
for total P M .  Site 80S also had relatively high cortcentrations of some PAHs. 

The average PCB concentration in site BOS was about 20 times higher than the BR-M for 
PCB. PCB concentrations also were high at sitc SAWB (located in Sail-it Andrew Bay in 
western Florida). The ER-M for total DDT was exceeded by four sites in southern Qlifornia 
located near each other (PVRP, SPFP, SPB, SPC) and a site (CBSP) in Choctawatchee.Bay, 
Florida. Chlordane concentrations at site CBSP arid at dte OEIH, located in the Oakland 
Inner Harbor, California, were over two-fold higher than the ER-M value. 

The ER-L concentration for arsenic was not exceeded at any of the eitee. The ER-L values 
for many of the metals, notably, chromlum, copper, lead, mercury, nickel, and zinc, were 
exceeded by the ambient concerrtrations st many of the site8 (Table 72). The average 
cadmium concentrations and acenaghthene conccnhations exceeded the r m w v e  ER-L valuee 
at only two sites each. Average ambient concenlrations of dieldrin, total DDT, anthracene, 
benzo(a)anthracene, fluoranthene, phenanthrene, and pyrene at many siks exceeded the 
respective ER-L values. 'K'he ER-L concentrat'ions were sufficiently low far 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 Proearn suggest that the BR-L 
values for these two contaminants are possibly unrealisticnlly low,-since the concentrt~tions at 
such a large number of sites exceeded them. 

Tables 73 and 74 summarize and rank the sites in which the overage analyte 
concentrations exceeded the most ER-M and BR-L values, respectively. Those sites that had 
the greatest numbere of exceedrances were those in which the potential for adverse effects 



w m '  assumed ,s be the highest. The sediment collected s t  the OEIW and XRUB sites 
exceeded ?:1::: most HR-M concentrations (Table 73). Sites HRRB and NYSH Cboth in the 
H1xh1rfkgPitan estuary), UTN (western Long Ialernd Sound), and fiJ(SS also e~ceeded many of 
the ER-M concentrations. 

Site8 BMDI (Boston Harbor), LISI, LIMB, LIHW (all Long Island %und), and CBMP 
(Chesapeake Bay) exceeded the most BR-L concentrations (Table 74). As ex ected, the 
sediments from many more eites exceeded the ER-L concentrations than exceed the ER-M 
values. 

J 
Overall cumulative ranks of the top 30 sites are listed in Table 75. Thew ranks were 

determined b considering exceedancea G: 'both the ER-L and ER-M concentratione. One point J was assigne for each ER-L co~centr~tion exceeded by the sediments at each site. The 
average ratio of the ER-Lf ~ a i u e s  to ahe ER-M values in Table 70 was 4.2 for the metals and 
8.1 fur the organics iexcluding td~tal DD", dieldrin, and endrin). Using these average ratios, 
4.4  point^ were asslgnkd for cach metal ER-M that waa exceeded at a site and 8.4 pointe for 
cach organic ER-M that wae exceeded. Then, the eum of the points for the ER-L and BR-M 
excedances at each aite was determined and used to formulatetan overall rank of the sites. 

Baaed upon this approach, site HRUB ranked hi hest in overall potential for inducing 
sediment-related effects (Table 75), followed by sites b , OEIH, and LITN. Sites LUI and 
LIMR sediments exceeded 20 BR-L concentrations each, but exceeded none of the ER-M 
concentrations. Sites PVRP, SPIT, SPB, and SPC, aU located near Los Angeles, California, 
exceeded relatively few ER-L vnlues, but exceeded some of the ER-M concentrations far 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 Mgh 
concentrations of pesticides. 

The sampling sites with the highest potential for adverse effects are located within the 
WudaonJRaritan estuary, weatern Lon Island Sound, Boston Harbor, Chesa e a k  Bay, New 

B P York Bight, Oakland Inner Harbor of $n Francisco Bay, St. Andrew Ba , Sa em Harbor, and 
in parts of southern California near Los kngcles and San Pedro. ut of a total of 212 
sampling sites, 172 sites exceeded at least one ER-L value. Most of the sites that did not 
exceed ER-L values were located along the Gulf Coast and alon the outer coastal r B the Pacific Coast. Site UISB, located in e very remote portion o Alaska and assumef??gf 
relatively pristine area, exceeded the ER-L values for antimony, chromium, and nickel. 

CBNCLUSLONS AND RBC01MMENDATPONS 

Effects-based national sediment quality criterier are not currently available for all, of the 
NS&T Program analytes. Three major approaches to the determination of effects-based 
wdiment quality standards have been uwd to generate an estimate of the concentrations of 
selected toxicants in sediments that may be associate8 with or the cause of biological effects. 
The three approaches involve the use of equilibrium-partitioning rinciples, s iked-eediment P bioassays, and various methods of evaluating matching biologics effects an l' chemical data 
from analyses of field-collected samples. The resulting scdiment quality values derived from 
all three approachcs were uscd in the present document 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 WOAA d SdrT Program sediment chemical data. By 
using a preponderance of evidence, the influence of any single value in setting guidelines was 
minimized. These guidelines were in two forms: concentratione at the low end of the range 
and equfvalcnt to the median of the range within which biological effects wcre observed. 

ER-L values were determined as the concentrations equivalent to the lower 10 percentile 
of the available A,~lta in which effects were detected. These values represent an 
approximation of the concentrations at which adverse effects wcre first detected. The BR-M 
values 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-L and BR-M values 
were established objectively by determining the lower 10 percentile and 50 percentile points 
in the data. This approach followed that of Klapow and Lewis (1979) in which marine 

I 



water quality standrardrr for California were established. in that efforg, Klrp w and Lewb 
r (19711) evaluated ody  spiked water bioassay date, f.e., they cornpar& agp ts with applee. 

L 

P" 
In the m n t  effort, data from a variety of approaches and front studies omed in areas 
with s P gnfliaantly different pollution histories were evaluated, ~ u i v a  $' ent to comparing 
g a p  am! watehmelons. The necessity to compare grapes end watennelom ie aymptomtic of 
We current statue of knowled e regarding the degree of sediment canttadnation that i a  'I asaoetated with SneaeuPee of bfo ogcal effects. 

ER-L and ER-M were identified for most (31) of the chemical andflee that are 
quantified by the However, no guidelines could be established for some 
anal tes due to la data. For some amlyterr, there wae a very low degree of 1 co d e m  in the accura of the widelines, due mainly to relatively poor conetetency among 2 the data from the va oue approaches and/or due to a lack of data from multiple 
complimentary ap ches. For a few analytes, such as cadmium, there was good consistency 
among the data. from mimy approaches conver ed upon a relatively small nnge in 
concentrations and an overall apparent effects thres 8, old agreed with or was within the 
effects range, and, therefore, there was tn relatively hi h degree in confidence in the 
Informal guidelines. Except for these latter few analytes, t is very obwious that more data 
are needed to reduce the uncertainty in the data. 

f 
Table 71, EB-M c~ncomba8ions for s a d  NShT Program analgrte, NSCT Propm sites 
that exceed the a - M  concentxatiom, geographic locratione, of those dka, md the 
avep!aBc concentxatlons (&y weight) of the malyt at the s ih .  

Site Description Location Concentration 

BBSM 
BHDI 
BHDB 
HRLB 
HRRB 
L,IW 
I'JYSH 
PVW 
PVMC 
SFDB 
SFEM 
9FSM 
SPSP 
TBSR ' 
YXSS 
OEIH 
BOD 
BOS 
HMB 
HUN 
OAK 
PAB 
#AR 
SAL 
sm 

Bcllingham Bay, Washington 
Boston Harbor, Massachusetts 
Boston Harbor, Massachuscf-ta 
Hudson-Mtan Estuary, New Jersey 
Hudson-Raritan Estuary, New Jersey 
Long Island Sound, New York 
New York Bight, New Jeraey 
Prplos Verdes, California 
Port Veldez, Alaska 
San Francisco Bay,. California 
San Frmclsco Bay, Califon~la 
San Francisco Bay, California 
San Pablo Bay, California 
Tomnles Bay, California 
Yaqub  Bay, Oregon 
Oakland Estuary, California 
Bodega Bay, California 
Boston Harbor, Massachusetts 
Humbold t Bay, California 
San Francisco Bay, California 
OaUand Estuary, California 
San Pablc b y ,  California 
Rnrltan Bay, New Jersey 
Salem Harbor, Massachusetts 
San Franci~lco Bay, California 



, . , . , . . .. . .. 

ke@:.423%p ;p:pm) , 

Boston Ha~!t#,r, Msamohusetts 
b ~ t o n  Harbor, Mamrhueefts' 

I Hudson/R&tan Estupq., New Jersey 
' Mudeon/Raritan Estua~y, NBW Jelgey 

Huldson/F&@t~an Estuary, New Jersey 
Long .Island 8aundi New York 
Lnng Island Sound, New York 172.2 
Now York Bbht, New Jersey 

' , Oakland Estuary, California 
Boston Haebor, Massachusetts 
Long Beach Harbor, California, ,1263 
Raritan Bay, New Jersey 1823 
Salem Harbor, Massachusetts. 

PPm 

HRLB Hudson/EZaritan Estuary, New Jemy 1,6 
Hudson /Raritan Estuary, New Jersey 3.3 
Hudeon/Raritan Estuary, New Jersey 2.4 , 

New York ,Bight, ,New Jersey 1 ,8 
Oakland .Estuary, California 2.3 
Raritan Bay, New Jersey 

Bellingham Bay, Washington 
Barber's Point, Hawaii 58.3 
Chesspeake Bay, Ma.ryland 

CBMP Chesapeake Bay, Maryland, 64.7 
j ' Oakland Estuary, California 

Port Va.ldoz, Alaska 
Srrn Francisco Bay, California 
San Francisco Bay, California 
San Francisco Bay, California 1.125 
San Pedro Bay, California 
San Pabla'Bay, California , 

Tomales Bay, California 
Whidbcy Idand, Washington 
Bodqa Bay, California 54.8 
Humboldt Bay, California 60.1 
5an Francidco Bay, California 100.3 ' Oakland Estuary, California, ' 1 M..O 
San Pablo Bay, California 87.8 
San Francisco Bay, California 72.1 
Chesapeake Bay, Ma.ryland , . 

Boston Ha~bor, Mnssachusctts ' 3.1 
Boston' Harbor, Massacrhusctts 3.1 . 

I Hudsori/Raritan Estuary, Noiv Jersey 2i4 
Hudeon/Raiiitan Estuary, New Jersey 4,6, 



Table 7Z, (continued, 

Site Deerription Location Cokurenlration 

L 
i MRUB 

HRRB 
I ' LIHW 
L LITN 
I 
t 

NBMH 
F NYSW 

PVW 
00s 

I 
RAR 

Zinc (2270 ppm) 

CBHP 
CBMP 
HRRB 
LIHH 
NYSH 
OEIM 
RAR 
SDA 

BBAR 
BHDB 
HRRB 
LITN 
NYSI-I 
PVRP 
SAWB 
BOS 
E U  
RAR 
SAL 
SDA 

Hudson/Raritan Estuary, New Jeraey 
Hudmn/RaPitan Estuary, New Jersey 
Long Island Sound, New York 
Long Island !hund, New York 
FdCI~@)g~n!i& Bay, Rhode Island 
New York Bight 
Palos Verdee, California 
Boaton Harbor, Massachuwtts 
REnritan Bay, New Jersey 

Chesapeake by, Maryland 
Chesapeake Bay, Maryland 
HudwnlIRarttan Estuary, New Jersey 
Long Island Sound, New York 
New York Bight, New Jersey 
Oakland Estuary, California 
Raritan Bay, New Jersey 
San Diego Bay, California, 

Buzzards Bay, Massachusetts 
Boston Harbor, Massachusetts 
Hudson/Raritun Estuary, New Jersey 
Long Island Sound, Connecticut 
New York Bight, New Jersey 
Palos Verdes, California 
Saint Andrew by, Florida 
Boston Harbor, Massachusetts 
Elliott Bay, Washington 
Hudson/lParitan Bay, New Jersey 
Salem FIarbor, Massachusetts . 
San Diego Harbor, California 

BHDB 
OEIH 
LITN 

Boston Harbor, Massachllsctts 
Oakland Estuary, California 
Long Island Sound, New York 

DDT (g,p' + o,p'-DDT) (27 ppb) 

CBSP 
HRLB 
MBW 
MBTH 
OSBJ 
OElH 
PVRP 
SPFP 
SAWB 
RAR 

Choctawatchce Bay, Florida 
Hudson/Raritan Estuary, New Jelscy 
Matagorda Bay, Texas 
Moriches Bay, New York 
Oceanside, California 
Oakland Estuary, California 
Palos Verdes, California 
San Pedro Harbor, California 
Saint Andrew Bay, Florida 
Raritan Bay, New Jersey 



Site Wtmiption Location Concentration 

SPB 
SPC 

San Pedro Bay, California 
an Pedro Canyon, California 

BHDB 
CBSP 
waaa 
HRLB 
LIHH 
LITN 
NYSH 

* OEIH 
PVRP 
SPFP 
BOS 
LNB 
SAL 
SPB 
SPC 

Boatan Hrarbor, MassachuaeW 
Choctawatchee Bay, Fiorida 
Hudaon/Rarltm Eehuuy, New Fmy 
Hucirwn/Rarim Bmary, New Jersey 
Long Islandl Sound, Co~lc?ctlcuC 
Long ][eland Sound, Conntxticut 
New York Bight, New Jersey 
Oakland Eetuary, Qlifornia 
Baloe Verdes, California 
San Pedro Harbor, California 
Boeton Harbsr, Massachueetts 
Long Beach Harbor, California 
Salem H h r ,  PAam~~chuwtta 
San Pedro Bay, California 
Sarn Pedro Canyon, California 

ABWJ 
BHDB 
CBSP . 

MRRB 
HRLB 
LITN 
M B I  
WVSH 
NBBC 
OSB J 
PVRP 
SBSB 
SPFP 
BOS 
LNB 
SEA 
SMB 
SP B 
SPC 

Total DDT (23510 ppb9 

CBSP 
PVRP 
SPFP 
SPB 
SPC 

Amaheim Bay, Callfomia 
Boeton Harbor, Massachusetts 
Choctawatchee Bey, Florida 
Hudson/Raritan Estuary, New l e y  
Hudmn/Radtan Estuary, New Jersey 
tong Island Sound, New York 
Marina del Rey, Cdifornla 
New York Bight, New York 
Newport Bleach, California 
Oceanside, California 
Paloe Verdes, California 
Point Santa Barbara, California 
San Pedro Harbor, California 
Boston Harbor, Massachusetts 
Long Beach Harbor, California 
Seal Beach, California 
Santa Monica Ba , California 
San Pedro Bay, 8 alifornia 
San Pedro Canyon, QSalifornia 

Choctawatchee Bay, Rorida 
Palos Verdee, California 
San Pedro Harbor, California 
San Pedro Bay, California 
San Pedro Canyon, Califomla 



Table 7%. (continuorOB 

CBSP Choctawatchee Bay, Florida -18.9 
MRJB Hudaon/Atdtan Betuary, New Jersey 6.8 
LIHM . - . Lan I s h d  Sound, New York 7.3 
OEIH ! 0dant-i Bshrsry, California 14.3 
LITN Long I s h d  Sound, New. York 8.5 

HRUB Hudson/Barltan Estuary, New Jersey . 1983.3 
SAWB Saint Andrew Bay, Florida 1082.3 
SAL Salem M a t h r ,  Maesachwtts PPOQ.6 

HRUB Hudson/Rarltm Estuary, New Jemy 3258.3 

Pluorankheae (23600 ppb) P P ~  

WRUB Hudson/Rarltan Estuary, New Jertley 4616.7 

Flmorene (2666) ppb) * 

Naphthalene d2210dP ppb) * 

PhenmOPlrenc Q1380 ppb) P P ~  

HWUB Hudson/Barltan Estuary, New Jemy 2505.8 

Wsne ~~ ppb) F B ~  

HRUB MudsonlWtrun Estuary, New Jemy 6096.7 

HRUE 
BOS 

H u d a a n / ~ ~  Estuary, New Jemy 830.0 
Boston Harbor, Massachusetts 37743 

Dibenz(a~h)mWuacanc (2260 ppb) 

BOS Boston Harbor, Mausachusem 

Total PAH gpbl* 
- 

* Ambient concentrations at none of the sites exceeded or equaled the ER-M for thew 
chemical analytes. 



%Q%blc 7P. 8R-E m d  EB-M consentrations gar era& NS&T P m p m  andyte, NS&T Pmpm 
siteti at which kt average conccentra9dona exeecded the BE-L cconcsn(h.ertione but not the 
BR-M oc~ncentrahPone, gaopxnphic locatiom of &oee sites, and the average (~on~entr~~om 
[dry we&latl of Le malyte at the elk. 

Site Description Location Concentration ' 

DBSM 
BHDI 
BHIPH 
BHHB 
CBMP 
CBTP 
E m  
HR JB 
HRLB 
HRUB 
HRRB 
LIWW 
LITN 
NBMH 
NYSH 
WMC 
SSBI 
SIWP 
UISB 
W IPP 
BOS 
RAR 
SAL 

I UCB 

' PVW 
SAL 

, CBHP 
CBRP 
DBAP 
DBFTD 
EBFR 
HRJB 
HRUB 
HMB J 
LIS1 
LlHH 
LIMU 
LlMR 
BUZ 
CHS 
coo 
csc 
ELL 

Bellingham Ray, Washington 
Boston Warboa, Mamchumtts 
Boston Hai+b0rI Mal99achusetts 
beton Harbor; M~ttl~sachusetts 
Chesapeake Bay, Maryland 
Comnnencement Bay, Washington 
Elliatt Be Washington 
Hudmn/ &d tan Estuauy, New Jersey 
Mudaon/hritan Estuary, New Jersey ' 

Hudson/Raritan Estuary, New Jersey 
Hudson/Rarltan Estuary, New Jersey 
Long Island Sound, New York 

I 

Long Island Sound, New York 
Narragansett Bay, %ode Island 
New York Bight, New Jersey 
Port Valdez, Alaska 
South Puget Sound, Washington 
Sinclair Inlet, Washington 
Unakwit Inlet, Alaska 
Whidbcy Island, Washington 
Boston Harbor, Mas~~huset ts  
Raritan Bay, New Jersey 
Salem Harbor, Massachusetts 
Upper Chesapeake Bay, Maryland 

Palos Verdes, California 
Salem Harbor, '4assachu.mtts 

Chesa~.aake bay, Maryland 
Coos Ba; , O r q ~ n  
Delaware Bay, Lielaware 
Delaware Bay, Delaware 
Elliott Bay, Washington 
Hudson-Raritan Eshlary, New Jersey 
Hudson-Raritan Estuary, -New Jersey 
Humboldt Bay, California 
h r ~ g  Island Sound, Comr?cticut 
Long Island Sound, blew York 
Long Island Sound, New York 
Long Island Sound, New York 
Buzzards Ea y, Massachusetts 
Charleston Harbor, South Carolina 
Coos Bay, Oregon 
Casco Bay, Mdne 
Elliott Bay, Washington 
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Table 72 (continuedb 

Site Description lLoca tion 

Chromium Qconhued)) 

FRM Frenchman Bay, Maine 
CRB Great Bay, New Jersey 
MOB Mobile Bay, Alabama 
NAR Narra ansett Bay, %ode Island 
NIS ~ w L  und, Washington 
PEN PensacoPa Bay, Florida 
PNB Fenobsco t Bay, Maine 
NBMW Narragansett Bay, Rhodc Island 
PBBI Penobsrot Bay, Maine 
PRPR Point Roberts, Washin on 
SPIT %n Pedro Harbor, Ca iforda 
SIWP 

P 
Sinclair Inlet, Washington 

TBHP Tillamook Bay, Oregon 
UISB Unslkwit Inlet, Alanka 
WIPP MrRid'bey Island, Washington 
YBOP Yaquina Bay, Oregon 
JPNB Neah Bay, Washington 
SD A San Diego Ba California 
SEA Seal Beach, alifornia 
SPB 

E' 
San Pedro Bay, California 

SFC %n Pedro Canyon, California 
UCB U per Chesapeake Bay, Marylaxrd 
W LI Y p  est Long Island Sound, New York 

Copper 4278 a P O  ppm) 

BHDI Boston Harbor, Massachusc?tts 
RHDH Boston Horhr, Massachusetts 
HRLB Wudson/Raritan Estuary, New Jersey 
HRUB Hudson/Rarltan Estuary, Wow Jersey 
HRRB Hudson /lQaritan Estuary, Ncw Jersey 
LINR Long Island Sound, Connecticut 
LIMH Long Island Sound, New York 
LIHU Long Island Sound, New York 
LIMR Long Island Sound, New York 
EITN Long Island Sound, New York 
NBMH Narragansett Bay, Rhode Island 
NYSH New York Bight, New Jerscy 
P V W  Palos Verdes, California 
SPFP San Pedro Harbor, California 
SIWP Sinclilir Inlet, Washington 
QEIH Oakland Estuary, California 
BOS Boston Harbor, Mauscrchuuetts 
ELL Elliott Bay, Washington 
NAR Narragansett Bay, Rho& Ieland 
OAK Oakland Estu~ry, California 
RAR Raritan Bay, New Jersey 
S AL Salem Harbor, Massachusetts 
SDA San Diego Bay, California 
SPB San Pdro  Bay, California 
W LI West Long Island Sound, New York 



ABWJ 
BMHB 

- BBAR 
CBHP 
CBSP 
HRJB 
EICR 
LISI 
LIHU 
LIMB 
MBTH 
WBMH 
NBCI 
PVW 
SAWB 
SFDB 
SFEM 
SFSM 
SZ'FP 
SIWP 
SSBI 
TBMB 
GRB 
NAR 
OAK 
PEN 
SD A 
SPB 
UCB 
W LI 

Mornwy 420.15e8.0 ppmb 

' . BBSM 
BHDI 
BHDH 
BWHB 
CBHF 
CBW 
DBBD 
HHKL 
LICR 
LISI 
LIHM 
LIHU 
LIMR 
MBCP 
MBTH 
NBDI 
NBMH 
NBCX 
PVW 
PBSI 

Anaheim Bay, California 
Boston Harbor, Matisachus63b 
Buzzards Bay, Massachusetts 
~hjksapea~e Bay, Maryland 
Ckrbctawatchee Bay, Fiorida 
Hudean/Barttan Bst~a~y,  New Jersey 
long Island Sound, Connecdcut 
Eong I h d  Sound, ConrtectJmt 
Long Island Sound, New York 
Long Island Sound, New York 
Moriches Bay, Mew York 
Narragansett Bay, Rhode Island 
Narragansett Bay, Rhode Island 
Pslos Verdes, California 
Saint Andrew Bay, Florida 
Ban Francisco Bay, California 
San Francisco Bay, Califomla 
San Frandsco Bay, California 
San Pedro Harbor, California 
Sinclair Inlet, Washington 
South Pup t  Sound, Washington 
Tamper Bay, Florida 
Great Bay, New Jersey 
Narragansett Bay, Rhode Island 
Oakland Estuary, California 
Pensacola Bay, Florida 
Sm Diego Bay, California 
San Pedro Bay, California 

per Chesapeake Bay, Maryland 
eat Long Island Sound, New York 

&ellingham Bay, Washington 
Boston Haubor, Massachusetts 
Boston Harbor, Massachusetts 
Boston Harbor, Massa&us~ tb 
Chesapeake Bay, Maryland 
Chesapeake Bay, Maryland 
Delaware Bay, Delaware 
Hono\ulu Harbor, Hawaii 
tong 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 Bmy, Now York 
Namganaett Bay, Rhode Island 
Narragansett Bay, Rhode Idand 
Narragansett Bay, Rhode Island 
Palos Verdes, California 
Penobscot Bay, Maine 



Site Description Location Concentration 

SAWB 
SBHI 
SFDB 
SPEM 
SFSM 
SPSP 
SFFP 
SIWF 
SSBI 
TBSR 
DAN 
ELL 
GRB 
HIIN 
LUT 
N A.H  --., , 

NAR 
NIS 
OAK 
OLI 
PAB 

BHDH 
CHPJ 
DBAP 
DBBD 
MRLB 
HRUB 
HRRB 
LIHH 
LIMR 
L I W  
FR13R 
SIWP 
BSBI 
TBHP 
BOS 
ELL 
FRN 
LNB 
MOB 
NIS 
OLI 
PNB 
RAR 
SPB 
W LI 

Saint Andrew Ba Floxdda 
San Wego Bay, & Iifornia 
Saua Hrandsco Bay, C3alifarnda 
S m  Francisco Bay, California 
San Francisco Ba California 
San Pablo Bay, &lifornia 
San Pedro Harbor, California 
Sinclair Inlet, Washington 
South Puget Sound, Washington 
Tomales Bay, Califodra 
Dana Point, Cnliforvvfa 
Elliott Bay, Washington 
Great Bay, New Jer~ey 
San Francisco Bay, California 
Lutak Inlet, Alaska 
NaMcu Bay, Alaska 

Bay, Rhode Island 

Oliktok Point, Alaska 
San Pablo Bay, Califarnia 

Boston Harbor, Massachusetts 
Charleston Harbor, South Carolina 
Delaware Bay, Delaware 
Delaware Bay, Delaware 
HudsonlRarltan Estuary, New Jersey 
Hudson/Baritan Estuary, New Jersey 
Hudson /Raritan Estuary, New Jerssy 
Long Island S u n d ,  New York 
Long Island Sound, New York 
Long Island Sound, New York 
Point Robwts, Washington 
Sinclair Inlet, Washington 
South Puget Sound, Washington 
Tillamook Bay, Oregon 
Boston Harbor, Massachusetts 
Elliott Bay, Washington 
Frenchman Ba , Maine 
Long Beach, 2' alifornia 
Mabile Bay, Alabama 
Pu t Sound, Washington 
Oli T tok Point, Alaska 
Penobscot Bay, Maine 
Raritan Bay, New Jersey 
San Pedro Bay, California 
West Long Island Sound, New York 



Site )Dewription Location Combration 

BHHB 
CBSP 
LIMR 
MmJ 
SPFP 
OEIH 
NAR 
SAL 
WLI 

Boston Harbor, Massachusetts 1.1 
Choctawatchee Bay, Florida 1 .O 
Long Island Sound, New York 1.4 ' 
Marina del Rey, California 1 .O 
San Pedro Bay, California 1 .O 
Oakland Estuary, Celiforniti 1.3 
Narragansett Bay, Rhode Island 1.2 
Salem Harbor, Massachusetts 1.8 
West Long Island Sound, New York 1.6 

Zinc 62128'<260 ppm) PPm 

BBSM 
BHDI 
BHDH 
DB.AP 
MRJB 
HRUB 
LICR 
LISI 
LIHU 
LIMR 
NBMH 
PVW 
PVMC 
SDWI 
SFDB 
SFSM 
SPSP 
SIWP 
SSBI 
TBSR 
ELL 
GKEt 
HUN 
LNB 
LUT 
M O'B 
NAH 
NAR 
OAK 
PEN 
SAL 
SEA 
SPB 
UCB 
W L1 

kllingham Bay, Washington 
Boston Harbor, Massachusetts 
Boston Harbor, Massachusetts 
Delaware Bay, Delaware 
Hudmn/Reritan Estuary, New Jemy 
Hudscin/KarItan Estuary, New Jersey 
Long Islad Sound, Connecticut 
Long Idand Sound, Connecticut 
Long Island Sound, New York' 
Long Island Sound, New York 
Narraganectt Bay, Rhode Island 
Palos Verdeu, California 
Port Valdez, Alaska 
San Dicgo Bay, California 
Sen Francisco Bay, California 
Son Francisco Ba California 
San PsMo Bay, &lifornia 
Sfnclair Inlet, Washington 
South Pu et Sound, Washington 
Tomales ?I ay, California 
Elliott Bay, Washington 
Great Bay, New Jersey 
San Francisco Bay, California 
Long Beach, California 
Lutak Inlet, Alaska 
Mobile Bay, Alabama 
Wahku 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 
We~t Long Island Sound, New York 

HRUB 
BOS 

Hudson/Rari tan Bay, New Jersey 
Boston Harbor, Massachusetts 



Site De~4~tioi .1  Location 

BHDI 
BMDH 
CBHP 
CBMP 
HR JB 
HRLB 
LICR 
LIHR 
LISI 
LlHH 
LITN 
MSBB 
NBMW 
NYSH 
PBPI 
PBSl 
SIWP 
OEIH 
BOS 
BUZ 
CHS 
CSC 
DEL 
ELL 
GRB 
HUN 
NAR 
RAR 
SDA 
UCB 

Boston Harbor, Massachusetts 
Boston Harbor, Maasachuaetb 
Chesapeake Bay, Maryland 
Chesapeake Bay, Maryland 
Hudson/Raritan Bstuary, New Jersey 
HudsonlRaritan Estuary, New Jersey 
Long Island Scrund, Connecblcut 
Long Island Sound, Connecticut 
Long Island S o d ,  Connecticut 
Long Island S o d ,  Connecticut 
h n g  Island Sound, Connecticut 
Mississippi Sound, Mississi 
Narraganeett Bay, Rhode Is 'Pi and 
New York Bight, New York 
Penobscot Bay, Mafne 
Penobscot Bay, Maine 
Sinclair Inlet, Washington 
Oakland Estuary, California 
Baston Harbor, Massachusetts 
Buuards Bay, Massachusetts 
Charleston Harbor, South Carolina 
Casco Bay, Maine 
Delaware Bay, Delaware 
Elliott Bay, Washington 
Great Bay, New Jersey 
Sart Francisco Bay, California 
Narragansett Bay, Rhode Island 
Karitan Bay, New Jersey 
San Di o Bay, California 
Upper ? hesapeake Bay, Maryland 
West Long Island Sound, New York 

BHDI 
BHDM 
BBAR 
CBMP 
C"JP 
HRJR 
HRLB 
LICR 
LIHR 
t IMR 
LISI 
LIHM 
LITN 
NYSH 
PRPl 
PBSI 
SAWB 
SFSM 
SlWP 

Boston Harbor, Massachusetts 
Boston Harbor, Massachusetts 
Buzzards Ray, Mausachusetts 
Chesapeake Bay, Maryland 
Choctawatchee Bay, Florida 
Hudmn/Raritan, New Jersey 
Hudson/Raritan, New Jersey 
Long Island Sound, Connecticut 
Long Island Sound, Connecticut 
Long Island Sound, New York 
Long Island Sound, Connecticut 
Lang Island Sound, Connecticut 
Long Island Sound, Connecticut 
New York Bight, New jersey 
Penobscok Bay, Mahe 
Penobsco t Bay, Maine 
Saint Andrew Bay, Florida 
San Francisco Bay, California 
Sinclair Inlet, Washing ton 



Bite -Zkecrlptian . Location Consenbation 

OBIM 
BOS 
ELL 
HUN 
RAR 
SAL 
6DA 
W LI 

Oaldand Estuary, California 
Boston Harbor, Massachusetts 
Elliott Bay, Washin on 
San Ranctsco Bay, Elifornia 
Rarltan Ba , New Jsrsey 
Salem Har LO r, Massachusetts 
Sari Diego Bay, California 
West Long Island Sound, New York 

BBAR 
BMDH 
BHDI 
CBSP 
WHKL 
HRLB 
HRUB 
L I a  
LIHR 
LIHH 
LIMR 
LISI 
LIm 
NYSH 
SAWB 
OEIH 
BO s 
HUN 
RAR 
SAL 
SD A 
W LI 

Buzzards Bay Massachusetts 
Boston Harbor, Massachusetts , 

Boston Harbor, Massachusetts 
Choctawatchee Bay, Florida 
Honolulu Harbor, Hawaii 
Hudson/Raritan Estuary, New Jemy 
Hudson/Raritan Estuary, Naw Jersey 
Long Island Sound, Conntxticut 
Long Island Sound, Connecticut 
Long Island Sound, New York 
Long Island Sound, New York 

' Long Island Sound, Connecticut 
b n g  Island Sound, Connecticut 
New York Bight, New Jersey 
Saint Andrew Bay, Florida 
OakIand Estuary, California 
Boston Harbor, Massachusetts 
San Francisco Bay, California 
Taaritan Bay, New Jersey 
Salem Harbor, Massacfrusetts 
San Diego Bay, California 
West Lung Island Sound, New York 

Chryeene ~2400 ~~ ppb) 

RBAR 
BHDI 
BMDH 
CBMP 
HMLB 
WRUB 
LICK 
LIHR 
LIMR 

" LlSI: 
LIHH 
LITN 
NYSH 
QEI H 
SAWB 
BOS 
ELL 

Buzzards Bay, Massachusetts 
Boston Harbor, Maesachusetb 
Boston Harbor, Massachusetts 
Chesapeake Bay, Maryland 
Hudsan/It?ritan Estuary, New J e m y  
Hudwn/Raritan Estuary, New Jersey 
Long Island Sound, Connecticut 
Long Islarrd Sound, Connecticut 
Long Island Sound, New Y ork 
Long Island Sound, Connecticut 
h n g  Island Sound, Connecticut 
Long Island Sound, Connecticut 
'Long, Island Sound, Connecticut 
Oakland Estuary, California 
Saint Andrews Bay, Florida 
Boston Harbor, Massachusetts 
Elliott Bay, Washington 
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Table 72 Qcontfaued) 
- 
Site Dewription h a t i o n  Concentration 

Cby~enc  (corutinuad)) PPm 

RAR R d b n  Ba , New Jersey r, 519.8 
SAL Salem Har r, Massachusetts 595.8 
SDA San Diego Bay, California 920.0 

Fluormthene (2600 ~3600 ppb) P P ~  

BHDI Boston Harbor, Massachusetts 7233 
BHDW Boston Harbor, Massachusetts 1031.7 
CBMP Chcsapcake Bay, Maryland 1338.8 
CBSP Choctawatchee Bay, Florida 646.7 
HRLB Hudson/Raritan Estuary, Mew Jersey 1481 .? 
LICR Long Lhnd Sound, Connecticut 778 3 
LIHR Long Island Sound, Connecticut 1216.7 
klS1 Long Island Sound, Connecticut 13233 
LIHH Long Island Sound, Connecticut 035.0 
LIMR Long Island Sound, Connecticut 846.7 
LITM Long Island %ul-rb, Connectiait 1576.2 
NYSH New York Bight, New Jersey 6983 
PBPI Penobscot Bay, Maine 926.7 
SAWB Saint Andrew Bay, Florida 1503.7 
OEIH Oalrland Estuary, California 826.7 
BOS Boston Hnrbor, Massachusetes 1401.4 
ELL Elliott Bay, Washington 6183 
RAR Raritan Ba , New Jersey l o  615.7 
SAL Salem Har r, Massachusetts 1031.9 

Flrtorcne (235 4340 gpb) P P ~  

BHDI Boston Harhr, Massachusetts 37.0 
BHDH Mston Harbor, Massachusetts 54,8 
CBHP Chesapeake Bay, Maryland 1345 
CBMP Chesapeake Bay, Maryland 145 .O 
HRJB Wudson/Ralltan Estuary, New Jersey 55.7 
HRLB Hudson/li;lrftan Estuary, New Jersey 114.8 
HRUB Hudson/Raritan Estuary, New Jersey 3583 
LISI Long Island Sound, Connecticut 130.0 
LIHH Long Island Sound, Connccticu t 66.8 
Lf TN Long Island Sound, Connecticut 109.9 
MSBB Miwissip i Sound, Mississippi E 613.8 
NYSH New Yor Bight, New Jerwy 40.3 
S A W B  Saint Andrew Bay, Florida 1095 
BOS Boston Harbor, Massachusetts 246.0 
ELL Elliott Bay, Washington 83.8 
RAR Rarftan Bay, New Jersey 49.2 
SDA San Diego Bay, California 129.0 
SJR Saint Johns %ver, Florida 43.2 
UCB Upper Chesapkc Bay, Maryland 87.8 

Naphkhdene (2340 ~2100 ppb) 
Chesapeake Bay, Maryland 

P P ~  
CBMP 415.0 
HRUB Hudson/Ra~ti.tan Estuary, New Jersey 698.3 
S A W B  Saint Andrew 'Bay, Florida 459.3 



if& 4 b7 *' i 
3i Table 72 (continued) 
h' 
f Site D e d p H ~ n  Location Concentration 
2: 
1;. 
t- 

Naphthalene (conttnusdb P P ~  

BOS 
UCB 

b s t o n ~ a r b o r ,  Massachusetts ' , , 1415.7 
Upper Chesapeake Bay, Maryland 4032 

BBSM 
BHDI 
BHDH 
BBRH 
CBHP 
CBMP 
CBSP . . 

HRJB 
HRLB 
LICR 
LIHR 
LISI 
LIHH 
LINIPZ. 
LITN 
MSBB 
NBDI 
NYSH 
PBPI 
PBSI 
SAWB 
OEIH 
BOS 
ELL 
EIUN 
RAR 
SAL 
SD A 
UCB 

Bellingham Bay, Washington 
Boston Harbar, Massachusetts 
Boston Harbor, Massachusctts 
Buzzards Day, Massachusetts 
Chesapeake Bay, Maryland 
Chesapeake Bay, Maryland 
Choctewatchee Bay, Florida 
Hudson/Rarltan Estuary, New Jersey 
Hudmn/Raritan Estuary, New Jersey 
Long Island Sound, Connecticut 
Long Island Sound, Connecticut 
Long Island Sound, Comecticu t 
Long Island Sound, Connecticut 
b n g  Island Sound, Connecticut 
Long Island Sound, Connecticut 
Mississippi Sound, Mississippi 
Narragansett Bay, Rhode Island 
New York Bight, New Jcrscy 
Penobscot Bay, Maine 
Penobsm t b y ,  Maine 
Saint Andrew. Bay, Florida 
Oakland Estuary, California 
Boston Harbor, Massachusetts 
Elliott Bay, Washin ton 
San Fraricisco Boy, & liforr~ia 
Raritan Ba New Jcrscy 
SBlem ~ m & r ,  Massachusetts 
San Dicgo Bay, California 
Upper Chesapeake Bay, Maryland 

BBMB 
BPBP 
BIB1 
BHDI 
BHDH 
BBAR 
BBRH 
CBHP 
CBMP 
CBSP 
MRJB 
HRLB 
Ll CR 
LIHR ' . 
LISI 
LIHH 

Barataria Bay, Louisiana 
Barbeis Point, Hawaii 
Block Island, New Jersey 

1 Boston Harbor, Massrrchusctts 
Boston Harbor, Massachusetts 
Buzzards Bay, Massachusctts 
Buuards Bay, Mas~chusctts 
Chesapeake Bay, Maryland 
Chesapeake Bay, Maryland 
Choctawatchee Bay, Florida 
Hudsonlhritan Estuary, Ncw J c m y  
Hudwn/Raritan Estuary, New Jersey 
Eong Idand Sound, Connecticut 
Long Island Sound, Connecticut 
Long Idand Sound, Connecticut 
Long Island Sound, Conntrticu t 



LlTN 
NB:DI 
NBMH 
NYSH 
PBPI 
PBSI 
SAWB 
SFDB 
SFSM 
SPFP 
SIWP 
OEIH 
BOS 
ELL 
HUN 
OAK 
RAR 
S AL 
SDA 
WLI 

Long Ialand % md, Connecticut 
tong Idand %und, Comecttcut 
INarro&mwett Bay, Rhode Ieland 
Narragansett Bay, RhDde Island 
New York Bight, New Jersey 
Penobmt Day, Maine 
Penobscoe Bay, Maine 
Saint Andrew Bay, Florida 
San Francisco Bay, California 
Sen Frmcisco Bay, California 
San Pedro Harbor, California 
Sinclrair Inlet, Washin ton 
Oakland Estuary, Cal f fomia 
Boston Harbor, Massachusetts 
Elliott Bay, Washin ton 
San Francisco Bay, e! mlifornia 
Oakland Estuary, California 
Raritan Ba , New Jersey E Salem Har or, Massachusetts 
San Diego Bay, California 
West Long Island Sound, New York 

BWDI 
BHDX 
BBAR 
CBHP 
CBMP 
CBBP 
MR JB 
HRLB 
LISI 
ElHH 
LITN 
NYSH 
PBSI 
S A W B  
SPFP 
COM 
ELL 
OLI 
MAR 
UCR 

Boston Harbor, Massachusetts 
Boston Harbor,. Massachusetts 
Buzzards Bay, Masslechuwtta 
Chesapeake Bay, Maryland 
Chesapeake Bay, Maryland 
Commencement Bay, Washington 
Hudson/Raritan Estuary, New Jersey 
Hudson/Raritan Estuary, New J e q r  
Long Island Sound, Connecticut 
Long Island, Sound, Connecticut 
Long Island Sound, Conn~~ticut 
New York Bight, New Jkrscy 
Penobscot Bay, Maine 
Saint Andrew Bay, Florida 
San Pedro Harbor, Califofria 
Commr.~~cc?menP Bay, Washington 
Elliott Bay, Washington 
Oliktok 'Point, Alaska 
Raritan Bay, New Jersey 
Upper CEtesapeakc Bay, Maryland 

BAR Barataria Bay, Louisiana 
ELL Elliott Bay, Washington 
PEN Pensacole Bay, Florida 
RAR Raritarl Bay, Ncw Jersey 
SAL Salem Harbor, Massiichusetts 



;2' 
e 
9 S i b  Dem4ption Location Concentration 

D,ibelrz(r~~h)mtkaane (continued) I P P ~  

SD,A San Diego Bay, Colifomia 162,O 
W LI Wwt Long Island Sound, Now York . .  71.6 

Total PAW. ~24tXHJ e398W) pgb) P P ~  

BHDI 
BHDH 
CBMP 
MRLB 
HRUB 
LICR 
LIHR 
EISI 
LIHH 
LI TN 
NYSM 
OElH 
SAWB 
BOS 
ELL 
RAR 
SAL 
SDA 

ABWJ 
BHDB 
BHDI 
BWHD 
BBRH 
CASI 
CHPT 
CBHP 
CBMP 
CBIB 
DBAP 
DBKI 
GBYC 
HRRB 
MRLB . - 

HRUB 
LICR 
LIHR 
LISI 
L.1 H u 
LIMR 
MDSJ 
MSBB 
MSPB 
MBTK 

Boston Harbor, Maesachusetb 
Boston Harbor, Massachusetts 
Chesapeake Bay, Maryland 
Hudson /Raritan Estuary, New Jersey 
Hudaon/Raritan estuary 
Long laland Sound, Connecticut 
Lnng Island Sound, Connecticut 
Long Island Sound, Connwticu t 
Long Island Sound, Connecticut 
lang Island Sound, Connecticut 
New York Bight, Nuw Jersey 
Oakland Estuary, California 
Saint Andrew Bay, Florida 
Boston Harbor, Massachu~tts 
Elliott Bay, Washington 
Raritan Bay, New Jersey 
Salem Harbor, Massachusetts 
Sen Diego Bay, California 

Anaheim Bay, California 
Boston Harbor, Massachusetts 
Bostan Harbor, Massachusetts 
Roston Harbor, Massachuuetta 
Buzzards Bay, Mssachusctts 
Cnpe Ann, Massachusetts 
Charleston Harbor, South Carolina 
Chesapeake Bay, Marylnnd 
Chcsapake Bay, Maryland 
Chesapeake Bay, Maryland 
Delaware Bay, Delaware 
Delaware Bay, %clawarc 
Calvuston Bay, Texas 
Hudson/Rarikan Estuary, New Jersey 
Hudson/Raritan estuary, New Jersey 
Hudson/Raritan Estuary, New Jersey 
b n g  Island Sound, Connecticut 
h n g  Islend Saund, Connecticut 
Long Island Sound, Connwticut 
Long lsland Sound, Connecticut ' 

Long Island Sound, Conntvlticut 
Marina dc! Rey, California 
Mississippi Sound, Mi~rsissippi 
Mississippi Saund, Mississippi 
Morid~cs Day, New York 



NYSM 
NBNB 
NBCI 
NBDI 
NBMW 
assj 
PVW 
PBPl 
PBSI 
SBSB 
RBHC 
SP8M 
SPSF 
SPIT 
SAWB 
SJCB 
TBMK 
TBPB 

BIew York B1 t New York 
Npplee Ray, Gdrida 
Narragansett Bey, Rhode Island 
Namganwtt Bay, mode lelend 
Nramaganl~ett Ba , Rhode Eeltand ?' ekreaneide, Cali ornia 
Palae Verdes, CEPlIfornia 
Penobecot Bay, Maine 
Penobecot Bay, M&c 
Point Santa Barbara, California 

Son RwkT Pa lo Bay, PI0rida Chlifornia 
San Pablo Bay, California 
San Pedro Harbor, California 
Saint Andrew Bay, Florida 
Saint Johns River, Florida 
Tampa Bay, Florida 
Tsmpa Bay, Eorida 

EX98 
BHDI 
CBMP 
CBMP 
CBSR 
CRYB 
DBAP 
DBFE 
HRWB 
HRJB 
HRUB 
LICR 
LIHR 
LIHH , 

LIHU 
LXPAR 
LITN 
MDSJ 
MBSC 
NYSH 
NBMH 
PBSI 
PLLH 
SBSB 
SFDB 
SFEM 
SPSM 
SPSP 
SIWP . 
SSBl 
TBHB 
TBPB 
W IPP 

Boston Harbor, Massachusetts 
Boston Harbor, Massachumtta 
Chesapeake Bay, Maryland 
Chewpeake Bay, Maryland 
Choctawatchee Bay, Florida 
Colwnbie Rives, Oregon 
Delaware Bay, Delaware 
Delaware Bay, Delaware 
Hudson/Wtan Estuary, Mew jersey 
Hamdeon/Raritsn Estuary, New jersey 
Hudson/hrftan Eskuary, New Jewy 
Long Island Sound, Connecticut 
Long Island !Sound, Connecblcu t 
Long Island Sound, Connecticut 
Long Island %wd, Connecticut 
Long Island S~und,  Connecticut 
Long Island Sound, Connecticut 
Marina del Pky, California 
Monteruy Bay, California 
New York Bight, New York 
Narragansett Bay, Rhode Island 
Penobscot Bay, Maine 
Point Lorna, California 
Point Santa Barbara, California 
San Francisco Bay, California 
San Francioco Bay, California 
San Pablo Bay, California 
San Pablo Bay, California 
Sindair Inlet, Washington 
South Puget Sound, Washington 
Tampa Bay, Floridn 
Tampa Bay, Florida 
Whidbey l a n d ,  Waahingkon 



Locatioxi Concentration 

DDT (p,gt + c8,pr-DDT) (continued) 

843s Boston Harbor, Massachuseth~ 2.1 
GRB Great Bay, New Jerse & ' 1,3 
LNB Long Beach Harbor, Hfornia 2.7 
SAL Salem Harbor, Massachusetts 2.6 
SMB Smta Monica Bay, Callfomia 1 .O 

DDD (p,pP + o,pl-DDD).(22 CZQ ppb) P P ~  
, , 

ABWJ 
BBAR 
BBSM 
BHDI 
BHHB 
CBNP 
CBMP 
CBSR 
CRYB 
DBAP 
DBFE 
DBKI 
ECSP 
HRJB 
WRUB 
LlMR 
LISJ 
LIHU 
LIMR 
M B J  
MBLR 
MBTD 
MSBB 
MBCP 
BMTN 
NBCI 
NBMH 
NBBC 
OSBJ 
PBSI 
SBSB 
SDHI 
SFDB 
SFEM 
SFSM 
SPSM 
SFSP 
SIWP 
SSBI 
SAWB 
SJCB 
TBMB 
TBPB 
W II'P 
COM 
CSC 

Anaheim Bay, California 
Buzzards Ba Massachusetts' 
Bellingham i' ay, Washington 
Boston Harbor, Massachusetts 
Boston Harbor, Massachusetts 
Chesapeake Bay, Maryland 
Chesapeake Bay, Maryland 
Choctawatchet: Bay, Florida 
Columbia River, Oregon 
Delaware Bay, Delaware 
Delaware Bay, Delaware 
Delaware Bay, Delaware 
East Cote Blanche, Louisiana 
Hudson/Raritan Estuary, New Jersey , 
Wudson/Rarltan Estuary, New Jersey 
Lang Island Sound, Connecticut 
Long island Sound, Connecticut 
Long Islal\d Sound, Connecticut 
Long Island Sound, Connecticut 
Marina dcl Rey, California 
Matagorda Bay, Texas 
Matagorda Bay, Texas 
Mississippi Sound, Mississippi 
Mobile Bay, Alabama 
Moriches Bay, New York 
Narragansett Bay, Rhode Island 
Narragansett Bay, Rhode Island 
Narragansett Ba r ,  Rhode Island r' Oceanside, Cali ornia 
Penobsco t Bay, Maine 
Point Santa Barbara, California 
San Diego Bay, California 
San Francisco Bay, California 
Sa~v Francieco Bay, California 
San Francieco Ba ,. California 
San Pablo Bay, E alifornia 
San Pablo Bay, California 
Sinclair Inlet, Washington 
South Puget Sound, Washington 
Saint Andrew Bay, moridn 
Saint Johns River, Florida 
Tampa Bay, Florida , 
Tampa Bay, Florida 
Whidbey Island, Wnshin ton 
Commencement Bay, Was ngton 
Cascol Bay, Maine 

ti 

158 , 



Site Descrlpaion Location 

ELL 
CRB 
HUN 
MRD 
NAR 
OAK 
RAR 
SDA 
SEA 
SJR 
GMB 
UCB 

Elliott Bay, Washington. 
Great Bay, New Jersey 
San Frandsco Bay, California 
Missiseippi Delta, Miseisaip i 
Narragansett Bay, M e  Is f and 
Oakland Estuary, California 
Raribn Bay, New Jersey 
San Diego Ba , California 
Seal Beach, C! alifornia 
Saint Johns River, Florida 
Santa Monica Bay, Qlifanrfa 
Upper Chesapeake Bay, Maryland 
West Long Pshd Sound, New York 

APDB 
BBAR 
BBRH 
BHDI 
BHHEI 
CBHP 
CBMP 
CBSR 
DBAP 
DBBD 
DBFE 
DBKP 
HRJB 
HRUB 
LbnJ 
LICR 
LIHR 
LISI 
LIHH 
LIHU 
LIMR 
MBTF 
MBVB 
MBCP 
MBTH 
MBSC 
NBMH 
PLEH 
SFDB 
SFEM 
SFSM 
SPSM 
SPSP 
SAWB 
TBPB 
WIPP 
APA 

Apelachicola Bay, Florida 
Buzzards Bay, Massachusetts 
Buywrdu Bay, Mmswchuwtts 
Boston Harbor, Massachusetts 
Doston Harbor, Massachusetts 
Chesapeake Bay, Maryland 
Cheaayeake Bay, Ma land 
Choctawatchee Bay, %orids 
Delaware Bay, Delaware 
Delaware Bay, Delaware 
Delaware Bay, Delaware 
Delaware Bay, Delaware 
Hudson/Raritm Estuary, New Jersey 
Hudson/Raritan Estuary, New Jemy 
La Jella, California 
Long Island Sound, Connecticut 
Eong Island Sound, Connecticut 
Long Island Sound, Connecticut 
Ling Island Sound, Co~ecticut 
Lbng Island Sound, Connecticut 
Long lsland Sound, Comecdcut 
Matagordo Bay, Texas 
Mission Bay, Callifotnia 
Mobile Bay, Alabama 
Moriches Bay, New York 
Monterey Bay, California 
Narragansett Bay, Rhode Island 
Point Loma, California 
San Francisco Bay, California 
San Francisco Bay, California 
San Francisco Bay, California 
San Pablo Bay, blifornia 
§an Pablo Bay, Califor~a 
Saint Andrew Bay, Rorida 
Tampa Bey, Florida 
Whidbey ldand, Washington 
Apaiacfrlcola Bay, Florida 



i 

Table 7 2  dc~an%hued) 

Site Dewription Location 

SDMP 
GRB 
MOB 
NAR 
RAR 
SAL 
SDA 
SDF 
w LI 

§an Diego Bay, ~Iifornia 
Great Ba , New Jersey 

: Mobile Ir ay, Alabama 
Narragansett Bay, Rhode Ieland 
Rarltan Ba New Jersey 
*%lent Ha li;b r, Maes~lchusette 
Sm Diego Bay, Califonria 
San Di~go Bay, California 
West Long bland Sound, New York. 

ABWJ 
APDB 
ABOB; 
BEAR 
BBSM 
BHHB 
BHDl 
BHDB 
CASI 
CBMP 
CBHP 
CBSR 
CRY0 
DBBD 
DBICI 

' DBAP 
DBFE 
ECSP 
HRRB 
HRUB 
HRJB ' ,  

HRLB 
L@J 
LISI 
LICR 
LIHR 
LIHU 
UMR 
LIHH 
LITN 
MDSJ 
MBLR 
M S V  
MBVB 
MBCP 
MBSC 
MBTH 
NYSH . 
NBDI 
NBCI 
NEMH 
WBBC. 

Anaheim Bay, California 
Apalachicola Bay, Florida 
Atchafalaya Bay, Louieiana 
Buzzards Bay, Massachusetts 
Bellingham Bay, Washington 
Boston Harbor, Massachusettz 
Dostun Harbor, Massachusetts 
Boston Harbor, Massachusetts 
C a p  Ann, Massachusetts 
Chesapeake Bay, Maryland 
Chesapeake Bay, Maryland 
Choctawhatchee Bay, Florida 
Columbia River, Oregon 
Delaware Bay, Delaware 
Delaware Bay, Delaware 
Delaware Bay, Delaware 
Delaware Bay, Delaware 
East Cote Blanche, Louisiana 
Wuda~n/Rarftan Estuary, New Jemy 
Hudeon/Raritnn Estuary, New York 
Hudaon/Rarltan Estuary, New York 
Hudson/Rantim Estuary, New Jork 
La Jolla, California 
Long Island Sound, Connecticut 
Long Island Sound, Connecticut 
Long Island Sound, Connecticut 
Long Island Sound, Ncw York 
Long Island Sound, New York 
Long Island Sound, New York 
Long Island Sound, New York 
Marina del Rey, California 
Mateprda Bay, Texas 
Matagorda Bay, Texas 
Mission Bay, California 
Mobile Bay, Alabama 
Monterey Bay, California 
Moriches Bay, New York 
New York Bight;, New Jersey 
Narragansett Bay, Rhodc Island 
Narragansett Bay, Rhode Island 
Narragansett Bay, Rhcde Island 
Newport Beach, California 
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Location 

TofBLl DDT (continued) P P ~  

OEIM 
OSB J 
PBFI 
FBSI 
PLW 
SBSB 
SDHX 
SFSM 
SFDE 
SFEM 
SPSP 
SPSM 
SIWP 
SSBI 
SAWB 
S JCB 
TBHB 
TBPB 
WIPP 
BOS 

ELL 
GRB 
HUN 
LNB 
MOB 
MRD 
N AR 
OAK 
RAR 
SAL 
SAP 
SDA 
SDP 
SEA 
SMB 
UCB 
W LI 

PCBs (250 480 ppb) 
I 

BBGH 
BBRH 
BHDI 
CBHP 
CBMP 
CBSP 
HRJB 
HRLB 
HRUB 
LICK 
LIHH 
LIHR 

Oakland Estuary, Gallfornia 
Oceanside, California 
Penobsmt Bay, Maine 
Pembsco t Bay, Maine 
Point Lorna, California 
Point Santa Barbara, California 
San Diego Bay, California 
San Frandsco Bay, California 
San Francisco Boy, California 
San Francinco Bay, California 
San Pablo Bay, California 
San Fablo Bay, California 
Sinclair Inlet, Washington 
South Pugct Sound, Washington 
Saint Andrt .Y Bay, Florida 
Saint Johns River, Florida 
Tamps Bay, Florida 
Tampa Bay, Florida 
Whidbey Island, Washington 
Boston Harbor, Massachusetts 
Charleston Harbor, South Carolins 
Commencement Bay, Washington 
Elliott Bay, Washington 
Great Bay, New Jersey 
San Francisco Bay, California 
Long Beach Harbor, California 
Mobile Bay, Alabama 
Mississippi Delta, Mississippi 
Narragans~tt Bay, Rhode Island 
Oakland Estuary, California 
Raritan Bay, New jersey 
Salem Harbor, Massachusetts 
Sapelo Sound, Georgia 
San Diego Harbor, California 
§an Diego Ba , California 
Seal Beach, 8 alifornia 
Santa Monica Bay, California 
Upper Chesapeake Bay, Maryland 
West Long Island Sound, New York 

Buzzards Bay, Massachusetts 
Buzzards Bay, Massachusetts 
Boston Harbor, Mattsachusetts 
Chesapeake Bay, Maryland 
Chesapeake Bay, Maryland 
Chesapeake Bay, Marylnnd' 
Hudson/Raritan Estuary, New Jersey 
Hudson/Raritan Estuary, New Jersey 
Hudson/Raritan Estuary, New Jeraey 
Long Island Sound, Connecticut 
Long Island Sound, Connecticut 
fang Island Sound, Connecticut 



Site &&ption Location Concentration 

LlMR 
LISI 
MBTH 
OEIH 
SDHI 
SPDB 
SFBM 
SFSM 
BUZ 
csc 
DEL 
GRB 
LNB 
NAK 
OAK 
SIR 
SPB 
SPC 
UCB 
W LI 

Dieldrin (20.02 68 ppbb 

ABWJ 
APci' 
APDB 
ABOB 
BBMB 
BBSD, . 

B'I B I 
BBBE 
MBDI 
BHHB 
BSBG 
BSSI 
BBAR 
BBGN 
BBRH 
CLCL 
CLSJ 
'CKIBP 
CBBI 
CBMP 

CBTR 
CBCI 
CBSP 
CBSR 
CRYB 
CBRP 
DBlAP 

, h n g  Island Sourtd, Connecticut , 
Lon$ Idand Sound, Connecticut : 
Monches Bay, New York 
Oakland Estuary, Calllfomla 
San Diego b y ,  CEPlifornia 
Sm f;rancisco Bay, California 
Sari Franci~a Bay, CalifornfEh 
San Francisco Bay, GiIifornia 
Buzzards Bay, Maesachueetb 
Casco Bay, Maine 
%laware Bay, Delaware 
Great Bay, New Jersey 
Long Beach, ~ l i f o d e  ' 
Narragansett Bay, Rhde Island 
Oakland Estuary, California 
Saint Johns River, Florida 
San Pedro Bey, California 
San Pedro Canyon, California 
U per Chesapeake Bay, Maryland 
&st Long Island Sound, New York 

Anaheim Bay, California 
Apalachlcola Bay, Florida 
Apalachicolo Bay, Florida 
Atchafalaya Bay, Louisiana 
Barataria Bay, Louisiana 
Barataria Bay, Louisiana 
Block Island, Rhode Iehnd 
Bodega Bs California 
Boston Har r;6 r, Massachusetts 
Boston Harbor, Masichusetts 
Breton Sound, Louisiana 
Bmton Sound, Louisiana 
Buzzards Bay, Massachusetts 
Buzzards Bay, Massachusetts 
Buzzards Bay, Massachusetts 
Caillou Lake, Louisiana 
Calcasleu Lake, Louisiana 
Cedar Key, Florlda 
Charlotte Harbor, Florida 
Chesapeake Bay, Maryland 
Chesapeake Bay, Maryland 
Chesapeake Bay, Maryland 
Chesapeake Bay, Moryiand 
Chincoteague Bay, Vir 'nia 
Choctswatchee Bay, &ride 
Choctawatchee Bay, Flprida 
Columbia River, Oregon 
Coos Bay, Oregon 
Delaware Bay, Delaware 



Site Deecaiptian Concentration 

ESBD 
ESSP 
GBCR 
GBTD 
GBVC 
BHWJ 
MHKL 
WRRB 
HRJB 
HRLB 
HRUB 
WMBJ' 
JHW 
LKI 
LBMP 
LICR 
LIHR 
LISI 
LIHW 
LIFIU 
LIMR 
M B J  
MBEM 
MBGP 
MBLR 
MBTP 
MBAR 
MBYB 
MSBB 
MSPC 
MBCP 
M B X  
MBTH 
NYSH 
NBNB 
NBCI 
W BDI 
NBMH 
NUBC 
OSBJ 

PI381 
PLLH 
PRPR 
SBSB 
Q r n B  
R;B,H C 
9LBB 

Delaware Bay, Delaware 
Delaware Bay, Delaware 
Delaware Bay, Delaware 
East Cote Dlanche, Louisiana 
Espirttu Santo, Texas 
Espiritu Santo, Texas 
Galveston Bay, Texas 
Galveston Bay, Texas 
Calveston Bay, Texas 
Gray's S s r h r ,  Washington 
Honolulu Harbor, Hawdl 
I-Iudson/Raritan Estuary, New Jeraey 
Hudson/Wtan Estuary, New Jemey 
Hudson/Rarltan Estuary, New jersey 
Hudson/Baritan Estuary, New Jersey 
Wudson/Raritan Estuary, New Jersy 
J~seph Harbor Bayou, Louisiana 
Point La JoIia, California 
Lake &,rgne, Louisiana 
Long Island Sound, Connecticut 
Long I s h d  %und, Connecticut 
Long Island Sund, Connecticut 
Long Island %und, Connecticut 
Long Island Sound, ComecMcut 
Long Island Sound, New York 
Marina del Rey, California 
Matagorda Bay, Texas 
Matagorda Bay, Texas 
Matagarda Bay, Texas 
Ma tagorda Bay, Texas 
Mesquite Bay, Texas 
Mission Bay, Texas 
Mississippi Sound, Mississippi 
Missiasippj Sound, Mississippi 
Mobile Bay, Alabam 
Monterey Bay, California 
Moriches Bay, New York 
New York Bight, New Jersey 
Naples Bay, Florida 
Wama8ansett Bay, Rhode Island 
Narragansett Bay, Rhode Island 
Narragansett Bay, Rhode Island 
Newport Beach, California 
Oceanside, California 
Pacific Grove, California 
Palos Verdes, California 
Penobscat Bay, Maine 
Penobscot Ray, Maine 
Point Lorna, California 
Point Roberts, Washington 
Point Santa Barbara, California 
Quinby Inlet, Virginia 
Rookery Bay, Florida 
Sabine Lake, Texas 



Site. W2mf:ptian Location Connmtratbn 

ShMP 
6DWI 
SFDIF 
SPEiM 
SF9M 
SLSL 
SPSP 
SPW , 

SRTI 
SSBI 
SAWB 
3JCB 
TBCB 
TBHB 
TBMK 
TBPB 
TBLF 
TBSR 
VBGP 
BOS 
B'IJZ 
COM 
DBL 

MOB 
MRD 
NAR 
PA0 
RAR 
W LI 

San Antonio Bay, Texaa 
San Diego &y, California 
San Francim Bay, California 
Sm Francisco Bay, California 
Sara Francisco Bay, California 
&in Luis Obispo, Callfonda 
San Pablo Bay, California 
San Pedro Harbor, California 
Savannah River, Georgia 
South Puget Sound, Washington 
Saint Andrew Bey, Florida 
Sdnt Johns River, Florida 
Tampa Bay, Florida 
Tampa Bay, Florida 
Tampa Bay, Florida 
Tampe Ray, Florida 
Terrebonne Bay, Louisiana 
Tomales Ba , California i: Vennlllion ay, Louisiana 
Boston Harbor, Massschusep 
Buzzards Bay, M~aesachuwtts 
Cornmencemant Bey, Wa~hington 
Delarware Bay, Delaware 
5an Francisco ,Ba , Ctalifarnta Z Lnwer Cheeapea c Bay, Virginie 
Long Beach Harbor, California 
Mobile Bay, Alabama 
Misnissippi Delta, Mississippi 
Narragansett Bay, Rhode lsland 
Sm Pablo Ba California 
Raritan Bay, &w Jersey 
West Long island Sound, New York 

* Ambient concepltraHane at none of the sitw exceeded or ~qualcd the )BR-L 'tor t l w e  ahwnld 
rrnnlytes. 



Table 73. The MS&T Program sediment sampling eiks in which the eavrprage chemical 
concentrations msacded the respective ER-M values, ranked in deecending ordm of the 
number of times exceeded. 

I 
; I Number of times exceeded Site Codes* 
t 

Y 

f 0 OEIH 
9 HRUB 
8 HRRB, LITN, NYSH, BOS 
7 BHDB, HRLB, PVRP, RAR 
5 CBSP, L I m ,  SPFT, SAL 
4 SPB, SPC 
3 UPIBI, SAWB, LNB 
2 BBSM, CBHP, CBMP, HRJB, a B J ,  PWC, S3TBM SPSM, SPSP, TBSR, 

BOD, HMB, HUN, OM, PAB, SDA, §HS,,UCB 
1 ABWJ, BBAR, BPBP, MBTH, MRW, MDSJ, N'BBC, NBMH, SFDB, 

WIPP, YHSS, ELL, SEA, SMB 

* Specific locations are listed In the glossary. 

Tabla: 74. The! NSBaT Frogram sediment, ampling siten in which the average chemical 
concentralione exceeded the respective ER-L values, ranked in descending order of the 
number of times exceeded, 

Number of times exceeded Site Codes* 

BHDI 
LIHH, LWR, LlSl 
CBMP 
HRUB, LICR, HRLET, SAWB, ELL, RAR, SAL 
HRJB, LIHR, W S W ,  BQS, SAL 
CBW, BHDB, LITN, WLI 
NBMFI, SDA 
SIWP 
OEIM, PBSl, UCB 
LIHU, SFSM 
BBAR, SFDB, SPFP, GRB, NAR 
CBSP, BHHB, SPSP, SSBI, HUN 
DBAP, MBTH, PBPI, SFEM, OAK 
HRRB, MSBB, SDHI, TBFB, WIPP 
DBBD, MDSJ, NBCI, NBDI, PVRP, SSBI, SPB 
ABWJ, BBSM, BBRM, CBSR, DBFE, DRKI, SBSB, SJCB, TBHB, LNB, 

MOB 
CRYB, MBCP, MRTP, MBSC, OSBJ, PLLH, PRPR, SPSM, BUZ, CSC, 

PEN, SEA 
3 APDB, ECSP, HHKL, LJLJ, MBLR, MBYB, NBBC, TBSR, CHS, COM, 

, WAN, NIS, OLI, SJR, SMB 
2 ABOB, BBGN, CASI, CBIB, CHFJ, BBFR, HMBJ, MBGP, WDNB, PVMC, 

RBMC, TBHP, T13MK, UISB, DEL, FKN, LUT, MRD, PNB, SAP, SDP 
I APCP, BBBE, 'RBSD, BIBI, BBMB, BBNR, BPBP, BSBG, BSSI, CBBI, 

CBBP, CBDF, CBCI, CBMP, CBW, CBTP, CBRP, CLCL, CLSJ, CKBP, 
ESSP, ESBD, CKR,  GBTD, GBYC, G W J ,  M B M ,  MSPC, MSPB, 
PGLP, QIUB, SAMP, SLBB, SLSL, SRTI, TBCB, TBLF, VBSP, YBOP, 
APA, BAR, COO, DBA, DAN, PAB, SPC 

* Specific locatiarre are listed in the glossary. 



The accuracy of the guidelines for metals often exceeded that fm organic compounds. 
Man of the metals are likely more water soluble than the organics, possibly resulting in 
rela d vely higher and more consistent bioavailability, and, therefore, less variability in the 
d a k .  

The ER-L and ER-M guidelines were used to evaluate and rank the reletive potential for 
biolo aal effects at the M&T Program sam ling sites. Those sites in which the ambient 
chem ? aal concentrations exceeded the most ~ f - L  and RBR-Ivl values were identified as having 
the highest potential for adverse effects. m,e sites with the highest potential for effects 
were sites HRUB, located in the Hudson-Rantan Estuary; site EITN, located in western Long 
Island Sound; slte BOS, in Boston Harbor; and site OEIH, in the Oakland Estuary of San 
Francisco Ray. Sites with the highest potential for effects were generally located within 
the Hudson-Rarltan Estuary, Long Island Sound, Boston Harbor, Chesapeake Bay, New York 
Bight, Salem Harbor, Saint Andrew Bay, and parts of southern California near Los Angel- 
and San Pedro. 

The otential for contaminnted, sediments causing adverse biological effects should be 
verified y either an examination of available data or implementation of a survey at the 
high-potential sites. Biological effects data are available for one of the highly ranked 
NShT Program sites: site OEM in Oakland Harbor, California. Site OEM was tested with 
five sediment bioassclytl (Long and Buchman, 1989) and the benthic,conununity was examined 
at that site (unpublished data). M o ~ t  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 method?. That Is, spiked-sediment bioasmys should be performed 
with one specfes or, at least, with species from the same taxonomic group8 (ouch 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 of uncertainty or 
variability. Values generated in spiked-sediment bioassays often are accompanied by the 95 
percent confidence interval, The data roviewtd in this doci~ment and with which the co- 
occurrence analyses were performed often indicated relatively high variability in analyses of 
field-colIected  sample^ (i.e., the standard deviations frequently equalled or exceeded the 
means). While these indications of variability may be discouraging, they do provide a 
suggestion aB to the degree of confidencc currently available for attributing biological effects 
to sediment-sortied contaminants without using a preponderance of evidence from multiple 
apprcuaches. 

The data assembled and reported herein were evaluated by objectively determining l11e 
lower I0 percentiles and the medians in the data and by sub ~ctivcly determining the overall 'I' apparent effects thresholds in the data. The same data coul be t~aluated using many other 
approaches, dc nding upon study objectives. For example, the scrccncd sorted data could bc P" used Lo ident fy the contaminant concentrations bclow which effccts have ncvcr bccn 
observed, Also, percentiles in the data other than the lower 10 and 50 percentiles could be 
dctonninod. For example, the lowor 5 percentile value of the data could be examined and 
assumed to be analogous to a level that may protect 95 pcrcant of thc s ecies. The Eli-I*, 
ER-MI and uveralI apparent effects thresholds derived from the available g ata could bc uscd 
as hypotheses to be tested in empirical toxicity experiments. The prescnt evaluation should 
be updated with additional data as they become availablc and should bc supplcmcntcd with 
an evaluatiun of the chciriical data noranalized to T K ,  AVS, and any othcr appropriate 
parameters in addition to dry weight. 



Table IS. , Overall crunulatiars rankg of NS&T Program stteo, based upon exceedances of 
3R-E and ERdM vrrluee. Qne point wao aeeigned for eat& r l - E  exceeded, 4.2 points for 
each metal ER*M exceeded, and 8.1 point19 for sa& oqanic ER-IM exceeded. 

No. of B R w L  EB-M values HP-M values 
values exceeded for metals exceeded for organics Total Overall 

Site exceeded No. x 4.2 = goin& No. x 8.1 = mints points rank 

WRUB 
BOS 
LITN 
OaTH 
NYSH 
BHUB 
MRLB 
PVRP 
BAR 
WRRB 
CBSP 
LIHM 
SAL 
SPIT' 
SAWB 
SPB 
BHDI 
SFC 
HRJB 
SDA 
ELL 
LMB 
CBHD 
LISI 
OSBJ 
LIMR 
SFSM 
SPSP 
OAK 
SFEM 
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Deecription of Dab Sete Ueed in Co-occurrence Analyees 

The d a b  sets in which biological measures of effffts'and concentrations of chemicals in 
sedimenb 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 this document. 

Gilbert et ai. (1976) sampled sediments at 37 stations in Massachusetts Bay and performed 
chemical analyses of portions of the samples that were also examined for benthic comuxdty 
cornpsition. The sam lee were collected with a 0.1 m2 Smith-Mclntyre grab sampler and 
sieved with 2.0 and 0. !!' mm screens. Data from quantification of trace metals and selected 
or anic groups were reported. Their data suggested the occurrence of three mdcs in s cies %I em among the stations: High (mean 93.6 f 9.4 SD, range 81-1061, intermediate V" mean 
58.1 f 10.4 SD, range 40-781, and low (mean 31 .f: 6.5 SD, range 22-37). The meane and 
etandard deviations In chemical concentrations that co-occurred with these modes were 
calculcltttd. 

McGreer (1979~ obaerved bumwing time in the bivalve Macomo balthicn exposed to five 
samples (one of which was used as a control) collected in the Fraser River estuary, British 
Columbia. The sam lee were also enalyzecl for the concentrations of various trace metals. 
The 95 percent con l dence limits fok effective burrowing time (ET50) for Sample C were 
outside the 95 percent crrtrfidence limits of the ET50 for the control. The chemical data for 
hmple  C were used in this document. McGrm (1979) also examined 8.voidance bhavior of 
M. balthica exposed to these sediment samples. A statistically ~ignificant avoidance response 
was founc! for Sample A, therefore, the data for Sample A were used in this document. 

McGreer (1982) sampled 23 sites along the Strait of Georgia, British Columbia and 
detennined the prwnce m d  abundance of M, balthica and the concentrations of various trace 
metals. The meane and standard deviations of concentrations in samples devoid of M. balthica 
and In samples with M. balthlca present were compared. 

Yake, d al. (1986) sam led three sites in Lake Union, Washington and tested for toxicicy 
with the amphipod Hyale 7 la aztecu and determined the concentrations of many chemicals in 
an area known to have high PAH concentrations. Undiluted sediment from one of the sitre 
(GWP) caused an average of 95 percent mortality; the chemical data for that site were used 
in this document. 

Anderson cf al. (19138) sampled 12 sites in southern California and tested for toxicity with 
the amphipod GradidiereIla 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 (mean 76.8 f 11.1 percent survival) relative to controls. The 
chemical concentrations were compared between toxic and non-toxic samples. 

Kraft and Sypniewski (1981) sampled 15 sites each in the north and south regions of the 
Keweenaw Waterway, Michi n and determined rnacroinverterbrate taxa richnefis and copper 
content in the wdiments in i!?= 1 30 sites. The mean coppr concentrations in the northern sites 
(average of 8.4 taxa per site) were compared with those in the southern sites (average of 19.8 
taxa par site). 

The Illinois Environmental Protection Agency (1983a) sampled 21 sites in the DuPngc 
Wver Basin and detennined benthic LBxa abundance and concentrations of hydrocarbons and 
trace metals. Concentrations in 18 sites with relatively high abundance (mean 15.8 f 2.0 SD 
tam per Wester-Dendy artificial sampler) were compared with those in 3 sites (mean 6.7 f 
2.5 SD m a )  with relatively low abundance. ! 



The Illinois Bnvimmental AroPectlm Agency (19Mb) m p l e d  25 sites in the Kfshwaukee 
Wver and determined the number of benthic taxa and concentrations of hydrocarbons and 
trace metals, The chemical concentrationo in 20 sites associated with relatively high 
numbets of taxa (mean 16.3 f 4.6 SD per site) were compared with concentration in 5 eites 
with reItrtiVelgr low numbem of taxa (8.4 f 0.5 per site). 

Tsai et al. (1979) sampled nine stations in Baltimore Harbor, Maryland and determined 
toxidty to mummichop (Fundulus heteruclitus), e t (LeiosPomus xanthclrus), and soft-shell 
c l am (Mya arenaria) and the concentrations of P P" Bs auld trace metals. Five of the stations 
were wlloatvely high1 toxic (mean 48-h TLm of 5.1 f 3.5) to mummichogs and four were 
relative1 lees toxic r mean TLm of 43.2 f 31.3). The means and standard deviations of 
chemicdeonmtra~ons among the most snd least toxic samples were compared. 

VanDolah et al. (1984) stkrn led 15 stations in and near a dredged materid disposal site P off Geargetown, South Carol na and determined benthic community composition and 
concentrations of PCBs and trace metale, The maximum sediment concentrations of chemicals 
at s i t e  in which no demonstrable effecte upon summer benthic community s p i e s  richness and 
total abundence was observed were used In this document 

Tatem (1986) determined bioaccumulation of PCBs and trace metals in the prawn 
(Macrobrachiurn roscnbergiil e x p o d  to Sheboy an River, Wisconsin sediments, He observed 'i that the eedirncnts were toxic to the prawns a ter 22 days' exposure. The concentrations of 
chemicals in the toxic sediments were used in this document. 

Lee and Mariani (1977) reported results of sediment toxicity tests and chemical analyses 
far many prospective dredge araas throughout the United States. The chemical 
concatratione reported associated with the obaervations of relatively high toxicity to the 
grass shrimp Palaemonekes pugio were used in this document. 

Zagatto et al. (1987) reported results of toxicity tests with D, sirnilis and chemical 
concentrations in sediments from 18 stations in Cubatuo River Basin, Brazil. Minimum 
chemical concentrations aeeociated with samples that were ~eported as significantly toxic 
were used in this report. 

Malueg et al. C1984a) sam led sedimenb from six siteu in Phillips Chain of Lakes, 
Wixonsln, one site in Torch L&, Michigan, and ten sites in the Little G r i ~ z l r  Creek system, 
California and tested for toxicity to Daphnia magna 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'repurted as not eignificantly toxic. The chemical concentrations in the toxic Torch 
M e  aample also was liated and used in this document. The chemical concentratlrins in the 
eight samples from the Little Grizzly Creek system that were reported au significantly toxic 
were compared wit51 those that were not toxic and used in thie document. 

b l u e g  d al. (1984b) sampled jive sites each in the northern and southern reaches of the 
Keweemw Waterway, Michigan and determined toxicity to D. magna and Hexagenia limb~ta 
and the concentrations of trace metals. The chemical concelttrations in highly toxic northem 
sediments were compared with those in less toxic muthem sediments. 

Loqg and Bmhman (1989) sampled 15 stations in San Francisco and Tomles bays and 
determiired i@xi.(ii,$y to the amphipd Rhqoxyniua abroniua and muaai embryos tMyfi7us 
edsr?&j and aonaefipatiolrs af trace metals and organic @om unds. US. Na;yy ( 49~7 )  whjj1N K" 2 ~ ~ t i o ~  in San Frdndsro Bay and performed  my of t e same a ~ 1 3 % 8 ,  oxciq~t. aejt II@ 
the em2,v~s ~f ,the o ~ s t e r  C. &gas. Chapman ef al. (1987) sampled filrie dfa'tiom $1) Sar! 
p~andsro @a pnd petYfurmed the same anaiym as Long and Buchmah ($989). word et dri, 
(1g8$.) 7 2 2  tita@$ns In khe ~@kland  Inner Hatfbar of San Franaiwo Bay land-t + ~:f;omk~e$l 
& y c w 5 m p s e s  .A, , , .',. . , , ,as UiS. Navy (19873. The data from fhese four studies We%e icp'm. r m@,~-Wd 



three types of analyses were performed. Firet, AET values were calculated using SedQual 
software developed by PTI Emvironmentnl Services (1988) and a sorting routine on Microsoft 
Excel spreadsheets on a Macintosh computer. Second, the mean concenlratior.~~ of chemicals 
associated with relatively highly toxic sam lee ( m a n  67 1 11.8 percent mortality among R. 
abrpniue, mean 924 f 4.5 percent abnonngblvalve embryos) were compared with those that 
were moderately toxic (33.8 k 4.7 perc,ent mortality among H, abronius, 59.4 f 11.3 F e n t  
a b n o d  bivalve embryos) and least toxic (18 f 6.6 percent mortality among R. abron~us, 23.3 
f 7.3 percent a b n o m l  bivalve embryos). Third, the chemical concentrations in samples 
reported as significantly toxlc were compared with those that were reported as not 
significantly toxic, hawever, since most of the samples were si ificantly different from 
controls, this last approach appeared to be the least satisfactory o !?" the thrk. 

Tetra Tech (1985) sampled 55 Jtes in the Commencement Bay, Washington waterways 
and vicinity and determined toxicity to R. abronius and C. gigas embryos and concentrations of 
trace metals and or@c compounds. The mean concentrations in samples that were most toxic 
(15.7 f 3.9 dead Re abronius out of 20, 44.5 f 19 percent abnormal C. gigas embryos) were 
compared with those in samples that were moderately toxic (5.2 f 1.1 dead R. abronius out of 
20,23 f 2.3 percent abnormal C $ 8 ~  embryos) and least toxic (2.5 f 0.9 dead R. abmnius out 
of 20, 15.1 f 3.1 percent abnormal C. gig@ embryos). 

Word and Mearns (1979) sampled 71 sites along a 60-m depth contour off southern 
California and determined benthic community ~mrnpodtion and concentrations of trace metals 
and selected hydrocmhne. The chemical concentrations associated with sam lee that had 
relatively high, intermediate, and low abundances of echinoderms and art 1 ropod were 
compared. The chemical concentrations associated with relatively high, intermediate, and 
low species richnew and total abundance were also compared. They were corn ared, for 
example, between sites with high echinoderm abundance (mean 1 9 1 . 3 , ~  70.1/zl s uare 
meters), intermediate abundance (562 1 23.0/0.1 square meters), and lowest' abundance 6.1 4 
7.2/0.1 square meters). 

? 
Schiewe et al. (1984) sampled 18 sites in Puget Sound, Washington. and dekormined 

toxicity to Photobactmium phosphorewm in a MicrotcrxTM test of organic extracts of s~diments 
and concentrations of petroleum hydrocarbons. Chemical concentrations in MgMy toxic 
samples (mean EC50 0.31 f 0.131, moderately toxic samples (mean EC50 2.14 f 063), and least 
toxic aamples (mean EC50 8,9 f 3.3) were compamd for use in this document. 1 

Swartz et aI. (1985 and 1986) sampled seven sites in 1980 and six sites in 1983 in the 
Southern California Bight off Palos Verdes and determined toxicity with a R. nbronius 
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 hawing "major degradation" to the macrobenthos were listed and used in the 
p m n t  document. 

, 

(1985) reported the relationship between sediment copper conce~ltrations in 
and benthic community composition sampled at 71 stations. He reported 

reduction in Hurlbert's dlvermty index was correlated with 200 ppm copper 
1- the sadimente. 

Johnson and Norton (1988) sampled 12 sites in ports along the lower Columbia River, 
WasMn@on and determined toxicity to the amphipod H, azteca and concentrations of trace 
m e a s  and organic compounds. PAH concentrations differed the most among sampling sites. 
No significant taxid was observed, therefore, the maximum PAH con&riwaiion, iti which no 
toxicity was observe a was listed and used in this document. 

Amshong d al., (1979i sampled 15 stations in Trinity Bay, Tcxos in a grid associated 
wi& an oilfiield brine effluent and determined benthic community composition and PAH 

I 



concentration. The PAH concentrations in 10 stations with relatively high species richness 
(mean 33,3 per station) axad total abundance (mean 5178 per station) were compared with 
those in 7 stations with relatively low epecles richness (mean 28.2 per station) and abundance 
(mean 1285 per station), 

Qasim et al. (1980) sampled 13 sites in the Trinity River, Texas and tested for toxicity 
with D, m n g ~  and for the concentrations of hydrocarbons and trace metals. The chemical 
concentrations in five sites in which significant mortality (mean 92.5 f 11.6 ?crculnt SD) was 
observed were compared with those from eight dtes in which lower (nonsignificant) 
mortality (mean 16 * 8.9 percent SD) was observed. 

Ingersoll and Nelson (in press) sampled three sites and a control in Waukegan Harbor, 
Illinois and vicinity and determined toxidty to H. azteca and concentrations of trace metala 
and hydrocarbons. Chemical concentrations in the least contaminated of two sam lee that 
were significantly toxic (mean 13.8 percent survival) were compared to those wit higher 
survival (mean 813.8 percent survival). 

E 
Simmers et ai. (1984) reported 100 percent mortality In N. virens exposed for 14 days to 

Black Rock Harbor, Connecticut dredged material. The bioassay5 were performed with 
mixtures of 25 petcent dredged material and 75 percent clean material and chemical analyses 
were erformed with the diluted material. Therefore, the reported concentrations were 
multipyiied by a factor of four for use in this document. 

Salazar and Salazar (1985) and Salazar (1980) reported regults of toxicity tests and , 
chemical analyses of various numbers of eamples in Son Diego Bay, California. A variety of 
an.maltl wcre used; all irrdicated relatively high survival (generally, over 82 percent 
survival). For this document, the hlghqst concentration8 in whlch thcse high degrees of 
aurvival were observed were Hetcd and used. 

Ragerson d nl. (1985) reported the result8 of toxicity tests o'f Black Rock Harbor, 
Connecticut sediments performed with the amphipod A. abdita and chemical data' for PAH. 
The projected concentrations of PAH in undiluted sedin~ents that caused significant mortality 
were listed and u.eed in this document. 

Tictjen and Lee (1984) sampled 17 sites in the Hudson-Raritan Day estuary and 
determined toxicity in 14-d tests of growth of the riernatode Chromadorina gemlanica and 
concentmtlons of hydrocarbons and trace metals. The cllernical concentrations in samples that 
caused a negative intrinsic rate of growth were compared with those that caused a positive 
rate of growth. 

Long !I9871 determined PAH concentrations in mudflat sediments and densities of 
meiofaunal organisms in 10 square centimeters cores at 28 stations in the Forth estuary, 
Scotland. The chemical concentrations associated with high meiofaunal densities (mean 3741 
f 1773) were compared with those that had intermediate densities (mean 1335 f 396) and 
lowest densities (mean 112 * 123). 

CX-I~M-HIII (1989) sampled 86 statiora in Eagle Harbor, Washington during June 1988 and 
determined t.oxicity. to R, abronius and concentrations of PAIl in bulk sedirnentu. Chemical 
concentrations in 49 least toxic samples-(mean of.17.4 f 1.4 suririvors out of 20) were compared 
wi;th thaw in 7 mdderately toxic samples (cnean of 11.8 f 1.8 survivors out of 20) and 12 
highly toxic samples (mean of 0.9 f. 1.7 survivors out of 20). 



APPENDIX IT 

SEDIMENT EFFOCTS DATA 



Table 0-1. Sediment effecta data available fm ANTIMONY mmgrd in ascending order 
wlth r e m e  tagaxding use of the concentrattlarw to determine BR-L and BRvM vduee. 

~oniantrafion (gpm dw) Biological Test 
I 

Remarks 

commencement Bay leaet toxic-amphipod 
Commencement Bay least toxic-oyster 
San Fmdaco Bay m - b i v a l v e  
BR-L 
Comms?ncement Bay moderately toxie-amphipod 
Commencement Bay moderately toxic-oyster 
San Francha Bay eigntficantly toxic-iunphipod 
PSDDA screening level 
SRn Francisco Bay moderately toxic-amphipod 
%n Frmcisco Bay ABT-amphipod 
1986 Puget Sound AET-banthic 
Snn Fmdeco Bay least tnxtc-bivalve 
1986 Bugct %und AET-emphipod 
Svul Frandeco Bay moderately toxlc-bivalvc 
San Francisco Bay not toxic-bivalvu 
San Frandsco Bay significantly toxic-bivalve 
San Francisco Bay least toxic-am hipod 
Sm Francisco Bay not toldc-amph)ipod 
ER-M 
San Francisco Bay hi hly toxic-bivalve 
1986 htget Sound A A -oyata: 
1986 Puget Sound Am-Mlcmto~N 
Commencement Bay Nghly toldc-oystor 
Cammencament Bay highly toxic-amphipod 
1988 Pupt h u c d  Am-MicmtoxN 
1988 Puget Sound AEiT-emphlpod 
Snn Francisco Bay highly toxic-amphipod 

No effect 
No effect 
Not definitive 
10 porcentlle 
a 

No concordance 
No cffcci 
No concordnnce 
No concordance 
1 

No effect 
I 

I 

I 

0 

* 
No concordenca 

* 13 cunmntrakiorw used in ER-L and ER-M estimates. 
ND = not detected 



Table 8.2 Sediment effects d8h o~ilollbte for ARSENIC arranged in aiicer2hg order 
with remarks regarding use of the concentrations to determine ER-L m d  HR-M values. 

Conlaonbation tppm) Biological Teat Rcmtuks 

Stamford not toxic-ehrimp 
Duwamiah Nver naatoxtc-shrimp 
Gaorgetown benthic community 
Black Rock Harbor toxic-Nureis 
Trinity River not toxic-Daphnia 
Sheboygan Rivcr dgniAcantly toxic-prawn 
Newport not toxlc-ehrimp 
Trinity River elgnificant toxic-Daphnia 
Norwalk not toxic-tlhrimp 
Wehwnukct: River last tawo 
Kishwaukee River most tnxR 
Southern California not toxic-txi~phipod 
DuPage River mast taxa 
DuPagu River leaat tam 
%utl~ern California slgnifiuintly toxic-amphipod 
San Fmdsco  Bay modarately toxtc-arnphipod 
LOR Angeles Harbor bdc-tlhrimp 
San Prancinco Bay least toxic-bivalve 
San Francisco Bay significantly toxlc-am hipod 
San Pmncim Bay highly toxic-arnphipa8 
San Francisco Bay not toxic-bivalve 
San Francieco Bay moderately toxic-bhralvo 
Puget Sound non-toxic-am phipod 
San Francisco Bay dgnificantly toxk-bivalve 
Puget Sound moderately toxic-amph!pod 
Commcncemont Bay Iaet  toxlc-cn* etar 
hn F r n c i r o  Bay iwst t ~ x i c - a t r , ~ ~ i ~  
Commmcamant Bey l a s t  toxic--amphipod 
San Francisco Bay not toxic-am rhipod 
Baltimore Harbor least toxicLfisk 
ER-L 
EP chronic mwinc 
Waukegan Harbor highly toxic-amphipod 
San Francisco Bay h hly toxic-bivalve 
San Francisco Bay A& -bivalve 
1988 Pug& Sou~d  AEl'-banthic 
Commencement Bay moderately toxic-oyster 
Comrnenccmont Boy modcratcly toxic-amphipod 
EP acute mndnc 
PSDDA screening Icvcl 
Sari Francisco Bay AEl'-amphipod 
ER-M 
1986 Puget 9ound AET-benthic 
Baltimore Harbor most toxic-fish 
1986 Pugct Sound AET-fmphipod 
Cammencement Bay highly toxlc-oywter 
19M Pugel Sound AET-oystcr 
1986 Pugct Sound AET-Microtoxm 
Puget Sound highly toxic-amphipod 
Commencement Bay highly toxic-amphipod 

No effect 
No effect 
No affect 
Small graditant 
No affect 
Small gradient 
No affect 
Small gradiont 
No affect 
No effect jf3n&lgdient 
Small gradiont 
Small gradlant 
Small grndiant 
No concordance 
5mall adicnt 
No cf r ect 
No concordanco 
No concordanco 
No effect 

No effect 

No Sma rdient 1 gmdiont 
hlo o f f a  
No cffwt 
No cffm 
No affect 
No effect 
10 parcantile 
* 
k l o w  detadon 

* 
a 

1 

n 

Z 

No cffrr, 
No concordance 
50 * percentile 

I 

1 

* 

I 

* 
* 

* 16 concentrations used to determine ER-L and ER-M values 



TBBle Bd. Sedfmml &eta data available for CADh4IT.M arranged in ascending order 
wia ~em'11lb mgaralhg uac of the concentrotion8 to determine FA-L and HR-M values. 

Conaenbratlon {ppm) - Biological Test Remarks 

Fram Rlver feral clams present 
Kishwaukee Rim least hxa 
Ceorptown no benthic affects 
Cubalae Rlver highly toxk-imphnia 
Kishwaukoe River most taw 
Macoma bumwing bioassay 
!hn Prancieco b y  lonst toxic-bivalve 
Southarn California hi h echinoderm abundance 'i Massachuselte Bay hlg spociee rlchnms 
Duwamish Rlvm low toxldty-shrimp 
San Francisco Bay moderately toxi* nmpMpod 
Southern CaUfornia moderate e&- derm nbundancc 
Kowsenaw W n t e m y  least toxic--Vnplmin 

gan randisco not mxiC-8htimp b y  lcaet tox~c-arnp~pd 
Son Francism Bay significantly toxic-amphipod 
San Francisco Bay not toxic-amphipod 
San Francisco Bay 8lgnlFlcnntly toxic-bivalve 
San Prandscu My not toxic-bivdvc 
Sauthem California moderato spetlos richnoes 
Kaweenaw Wartmay not toxic-Daphnh 
%n Francisco Bay hibhly toxic-bivulve 
5an Francisco Bay moderatcly todcbivalvo 
Southern Calibmia moderate arthropod abu~~dance 
Moeliachuectts Bay moderato specicrr richne6~ 
Son Pnmcisco hy highly toxic--am hipod 
b u t h m  California modorata tota?obundnnca 
Southan Callfoda high arthropod abundance 
San Mego Boy low toxicity-vnrtous 
Snn Mogo Bay low toxicity-various 
PSDDA wrcening lave1 
R. abronius LCSO-spiked bionssny 
Southern California low total abundance 
Ma8eachucmt-h Bay least species I-ichncse 
Frnsor River fcral clams abscnt 
San Francisco Bay AET-amphipod 
Little Grizzly Crock high toxldty-Daphnir 
CtuPage River lonst tam 
ma corn^ avoidance bioaseay 
S~uthcrn Ciklifornh high npecles richneb6 
DuPage River most b x a  
Kowoonaw Waterway most toxic-Daphnia 
Black Rock Ha~.'mr hi hly toxic-Norcis d %in Franclnco klay r-bivalve I 

ICcwmnaw Waterway significantly toxic-Pnphnia 
Commencement Bay leas1 toxic-oyster 
Lake Union mxic-amphipxl 
M~ltimore Harbor lcaot toxic-fish 
Commencemant Bay least toxic-nniphipnd 
Wavkc an Harbor high toxicity-amphipod 
Torch 8. kc significantly tadc- Duphn in 
Commencement Bay moderntcly toxic-oyster 

no effcctrr 
Below detection 
No affects 
Small p d i a n t  
blow datcctlon 
Small gradient 
No offcct 
No cffcct 
No effect 
Nooffect . .  
No gradient 
No gradiont 
No affect 
No off~ct 
No  effect 
No gradlent 
No affect 
No gradient 
No uflact 
No concordance 
No uffoct 
No gradient 
Small grndiont 
No concordnnca 
Small p d i a n t  
Small gradient 
No concord u nee 
Nu effect 
No dfect 
No effcct 
No effcct 
Sand 
No concordnncc 
SmaU grndlant 
Small gradient 
N o  concordance 
Small p d i u n t  
IIO c~nmrdanco 
$mall grad lont 
No c2ffoCt 
No cffcct 
Small gradient 
Small p d i c n t  
Small grudiunt 
Small grudiont 
No affect 
Small gadiant 
No effect 
N o  cffecu 
!hal l  gm3icnt 

- Small grcidicsnt 
Small p d i c n t  



Table Br9. (continued) 

Sheboygan RIvm high toxicity-prawn 
Stamford low toxidty-shrimp 
Commencement Bay moderately toxic-amphfpod 
Los Anples Harbor h i ~ h  toxicity-ehrimp 
Phillips Chain low toxicity-Daphnia 
Southern California not toxtc-am@@ 
NorwaIk low fioxijty-shrfm 
Gouthem WfDrnh low &pod abundance 
Southern California low species richnese 
Trinitv River not toxic-Davhnia 
philIip8 Chain high toxicl+-~a~hnia 
ER-L 
19813 Puget Srmnd AET-benthic 
Southern California slgnificnntly toxic-amphipod 
R. abronius-spiked bioassay . 
1986 Pup Sound AET-benthic 
R. abron~us-epiked bioassay 
Southam Callknia low echfnadurm abundance 
R. abroniw K50-apiked bioaeeay 
1986 Puqot Sound Am-am hipod 
R. ubmnrur LC.50-8pll;ed bLasasy 
R abrunius LC50-spllcad bioaesay 
E. mdllus LC98- epikrul bioasaay 
R, abronius LC76-epiked bioaeray 
R. ubroniua Lao-spiked bioaewry 
R. abranius LCtiO-spikad bioassa . 
Pal08 Verdea not torlc-arnphlpoc! 
R. abronius overall LCSO--apW btoaamy 
BR-M 
H. abronius RCSO-splkod bioassay 
Southern California h i ~ h  total abundance 
1986 Puget Sound AET-oyeta 
1986 P u p  Saund ABT-MlnotoxN 
R. dronrus BCSO-epikod bioassay 
R. abronius LCSO-spiked bioaeeay 
R. abronius LC50-s lW bioaetray i' Trinity River dgni cmtly toxic-Daphnia 
P. a nis l&ha.l~ spiked biaaaaay 
R. $ .  ronrus LC 8 -6plked bloasany 
Hudson-Raritan least toxic-nematoda 
Comrnencernenr Bay highly toxic-oystar 
Mudson-Rrrritan highly toxk-ncmatodc 
R, abronirrs ECSO-spikad bioamay 
Sari Diego Bay low toxicity-polychaate 
Baltimore Hhftror most toxic-fieh 
8. abronius LCSO-spiked Momeay 
Ssn Diago Boy low toxicity-myaid 
Palas Verdes eia\ificant\y toxic-amphipod 
Palos Verdce major bcsnthic dcgradntion 
BP chronic marine 
Sari Diego Bay law toxicity-clam 
5an Diego Bay low toxidty-various 
Now York Harbor low toxidty-various 
N. virene-epiked bioaeeay 
Commoncomont Boy highly toxic-amphipod 
EP acute marina 

Small gradiant 
No efkct 
Smell gradient 
Small gradlent 
No effect 

I No affect 
No effect 
a 

No 0fM 
Small gradient 
10 percentile 
I )  

1 

0 

I )  

0 

0 

I) 

I 

* 
1 

* 
* 
No effect 

50 percentile * 

No effect . 

No effect 
e 

No effect * 

i ~ o  effect 
I No effect 

No offoct 
No cffed * 

I 

C__ 

36 cone-entratlana used to dcterminc ER-L and BH-M vaiucs 



Table B-4. Sediment effects data available far CHP(;OMWM arranged in ascending, order 
with ~enrarkii regarding use of the cancentcablone to determine ~ * I L  and HK-M values. 

Concentration Qppaa) Blolaglcal Teut Remarks 

Georgetown benthic community 
Commencement Bay h e t  toxfc-uyter 
Duwrunieh River low knridty 
Commencement Bay least toxic-amphipad 
Commencement Bay moderately toxic-amphipod 
Commencement Day lnoderatdy toxic-oylrter 
Trinity River not toxic-Daphnia 
Commencement Bay highly toxic-amphipod 
Newport low tuxidty-ebp 
Lake Union highly toxic-amphipod 
Commencement Bay highly loxlc-.oyster . 
San Diego Bay low toxicity-varioue 
!3tn Dlego Bay low toxidty-various 
Maseachusetta Bay high ~pecies richness 
&weenew Wekerway least toxic-Daphnia 
Kishwaukee River moat taxa' 
%uthern Califarnia high ecirinodcnn abundance 
Southern California moderate ach!noderm abundance 
W a g e  River moet t u a  
Keweenaw Waterway not toxic-Daphnia 
90uthern California mderate species richness 
Waukegan Harbor highly toxic-amphi pocl 
Southern California high arthropod abundance 
Frasor River Macoma prosent 
Southern Callfornia moderate total abundance 
Kiehwaukee River lcast tam 
Southern California moderate arthropod abundance 
Loe Angela Harbor high toxicity 
Southern Californh low total abundance 
DuPage Rfver least tawa 
Macoma burrowing bioassay 
Massachusetts Bay moderate species richness 
Southern Cnlifomfa high specie8 richness 
Norwalk low toxiaty-shrimp 
Trinity kver significantly toxic-Daphnia 
%lzihen, California not toxic-amphipod 
SR-L 
Massachusetts Bay low s ics richness 
Southern California ei&nUy toxic-amphipod 
Stamford low toxicity-shrimp 
Little Grizzly Creek high toxicity-Daphnin 
Fmser Mver Macorna abnmt 
Sarr Francisco Bay leatlt toxic-bivalve 
Macoma avoidance bioassay 
San Francim Bay highly toxic-bivalve 
Kewecnaw Waterway highly toxic-Dophnia 
Keweenaw Waterway eignificantly toxic-Daphnia 
Sheboygan River significant toxicity-prawn 
San Francisco Bay significantly toxic-bivalve 
San Frandsco Bay highly toxic-amphipod 
Hudson-Raritan least toxic-nematode 
ER-M 
Southern California low arthropad abundance 
San Francieco Bay not toxic-bivalve 
San Francisco Bay eignificnntly toxic -amphipod 
Southern California low specion richness 
Hud~on-Rarltan most toxic-nematode 

No effect 
No effect 
No effect 
No effect 
No ad i a~ t  
Sma!fgd ien t 
No e 
Small adient 
NO e f ect 
Small gradient 
Small gtedient 
No effect 
No effect 
No effect 
No effect 
No effect 
No effect 
No padlent 
No effect 
No effect 
No concordancc 
Smal! gradient 
No effect 
No effect 
No concordance 
Small gradient 
Small gradient 
Small gradient 
No conn~rdanco 
Weak concordance 
Small gradient 

No effect 
No effect 

No effect 
10 percentile * 

No effect 
e 

No concordancc 
I# 

No effect 
No concordance 
No effect 
50 percentile * 
No effect 
No 6 concordance 



'r 
\. 

Con~anltration (ppm) Biological Test Remaiks 

San Frandeco Bay moderately toxic-amphipod 
San Francisco Bay moderately toxic-bivalve 
Torch Lala el fficantly toxic-Daphnkr 
6an Francilsco % y leaet toxic-amphipod 
Southern California low echinoderm abundance 
San Francim Bay not toxic-amphipod 
Ssn Diqp Bay low toxicity-=ehrlmp 
1988 Pug& Sound Am-benthic 
1988 Puget Sound AIR-amphipod 
San Francisco Bay ART-bivalve 
Southern Callfanria high total abundance 
San Dlego Bay low toxicity-clam 
5an Diego Bay low toxidty- 
San Diego b y  low toxicity-E~ycha*e 
Phillips Chain least toxic-Daphnia 
Baltimore Harbor least toxic-fieh 
Black Rock Harbor high toxicity 
San Francisco Bay AFT-amphipod 
Paloe V e r b  mapr benthic degradation . 
Phillips Chain significantly toxic-Daphnia 
Baltimore H~rbor most toxic-flair 

" 21 concontrationa used to determine ER-L and EP ,' ' wluea ' 

. . 

No concordance 
No concordance * '  
No effect * 
No effect 
No effect 
8 

No con,,ordance 
No effect 
No effect 
No effect 
No offect 
No eff.m 

' No effect * 
No concordance 

' * 

* 



P 

1 Table D.5. Sediment effects data available fox COPPER arranged in aecending order with 
I$ 

ternarks regarding use of the conoentrations to determine ER-L and BR-M values. 
I 

Cancentsakion (ppm) Blologf@al Test Remarks - 
Georgetown b n W c  community 
Mississippi River high toxicity--midge 
Massachusetts Bay high species richness 
Mississippi River low toxicjty 
Misdasippli River low toxictty 
Southern California high echinoderm abu.ldance 
Newport low toxic1 ty-stlrlmp 
Southern California moderate echinoderm abundance 
Massachusetts Bay moderate ~pccieg richness 
Maesachusetts Bny low species richness 
Mississippi Rivar low toxicity 
ET50 burrowing time bioas,sty-ckm 
Trinity River nontoxic--Daphnia 
Waukegan Harbor highly toxic-amphipod 
Kiehwaukee River high number of tam 
Keweenarw Waterway least toxidty 
Feral Fraser River Macoma preeent 
Keweenaw Waterway high number of taxa 
San ~ ~ M c ~ S C C I  Bay least toxic-bivalve 
Duwamish River nontoxic-ehrim 
Keweenaw Waterway nontoxic--gphnia 
Kishwaukee River low number of taxn 
San Francisco Bay not toxic-bivalve 
DuPage River high ~~ttrnber of tam 
Southern California nontoxic-amphipod 

zn Francisco Bay moderately toxic--amphipod 
Macoma burro wing bioassay 
Snn Francisco Bay dgnificantly toxic-bivalve 
Irini ty Ever eignifican t toxicity-Daphnia 
BR-L 
San Francisco Bay significantly toxic-amphipod 
San Francisco Boy least toxic-amphipod 
Conmena?ment Bay least toxic-oyster 
%n F~ancisco Bay not toxic-amphipod 
San Francisco Bay model;iltely loxic-bivalve 
DuPage River low number of tam 
ISDDA screening Ievcl 
San Franciflco Bay highly toxic-amphipod 
Commcncment Bay least toxic-amphipod 
San Francisco Bay highly toxic-bivalve 
L%~'U"ltrr? California low echinodenn abundance 
P u p t  Sound nontoxic-anphipod 
Commencement Bay moderately toxic-oyster 
San Francisco Bay AET-bivalve 
Commencement Bay moderately toxic-amphipod 
Feral Fraser River Macoma absent 
Phill@s Chain nontoxic-Daphnia 
EP chronic marine @4% T K  
Puget Sound moderately toxic-an~phipod 
Shcboygan River toxic-prawn 
Los Angelw Harbor toxic-shrimp 

No affect 
No concordance 
No cffect 
No effect 
No effect 
No effect 
No effect 

No gradient 
No cffect 
Q 

No efkct 
10 

Small gradient 
No effect 
No effcct 
No effect 
No effect 
No effxt 
No effect 
It 

No effect 
No effect 
NJ effect 
No concordance 
4 

6 

* 
3.0 percentile 
Small gradienr 
No effect 
No cffcct 
No effect 
4 

Sma? gradient 
No cftect 
a 

No cffect * 
Q 

No effect * 
U 

b 

* 
No cffccl * 
* 
* 
Y 



' Concentration (ppm) Blologtcal Test 
I I )  

Remarke 

Macoma avoidance bioa~say 
Lake Union high toxicity-amphi 
Baltimore Marbor least toxic-fis R" 
&in F r ~ d e c o  Bay AET-amphipod 
Southern California significant toxicity--dmphipod 
Norwegian benthos epecles diversity 
Sari Diem Bay nontoxic--various 
EP acute marine 434% TOC 
Stamford nontoxic-shrimp 
Norwdc nontoxic-shrimp 
Hudson-Raritan nontoxic-nm tode 
Pnlos Verdw nontoxic-.amphipod 
1986 Puaet Sound AET-benthic 
San DiGo Bay nontoxic--mysid 
EB-M 
1986 Pupt Sound AET-oyster 
1986 Puget Sound ABT- MicrotoxTM 
Hudson-Raritan hi hl toxic--namatode 
1988 Puget Sound Ad' -hnthic 
Phillips Chain etpificant toxicity-Daphnis 
Kemnaw Waterway Icwt nu~nbcr of taxa I 

Palos V erdes major benthic degradation 
Pdos Verdee si ficant toxicity-arnphipqd 
Elack Rock Har e r highly toxic 
Kewwxyw Waterway highly toxic-Daphnia 
LC50 Daphnia spiked bioa~ay-Soap Creek 
Keweenaw Waterway afgnificant toxicity-Uaphrria 
1986 P u p  kund AET-amphipod 
LC50 m~dge spiked bioassay-Soap Creek 
Commencement Bay highly todc-oyster 
LC50 Dnphnh spiked bioassay-Tunlatin River 
LC30 amphipod spiked bioassay- s a p  Creek 
San Diego Bay nontoxtc-clam 
San Mega Bay nontoxic-golychaete 
Baltimore Harbor most toxic-flh 
LOO a m p h i i  gUned bioassa 
Puget Soun hig y toxic-amp ipod Creek 
1988 Pug@ Sound AET-amphipod 
Little Grizzi Creek todc-Dn hnia 
Torch Iake XI 'ghly toxic-Dap J nia 
LC30 midge spiked bioassay -Tuala tin River 
Commencement Bay highly toxic-smphipod 

* 
* 
No effect * 

No effect 
I6 

No effect 
No effect 
No effect 
No effect * '  
No effect 
50 percentile 
It 

No effect 
No effect * 
r) 

* 
w 
* 
k 

e 

i * 51 concentrations used to detyrnine ER-L and ER-M values 



Table Bb. Sediment cffecte data available for LEAD amaxaged in aeacending order with 
tcmarke regarding uee of the cancen2ratlons Oo determine Oh-k and H16-M vdues. 

e0.5 Georgetown disposal site benthos 
95f 9 !Southern Wfornfa moderate echinoderm abundance 
9.5 Keweemw least toxic--Daphnia 
10.7 f 10 Keweehaw nontoxic-Daphnia 
11.3 f 8 Southem California moderate s p i e s  richness 
11.7 f 13 Southern California hi@ echinoderm abundance 
12.4 f 9 Southerr1 CAlifomia high arthropod abundance 
12.5 f 4 Massachusetts Bay high benthhic species richness 
12.5 1 10 Southern California moderate arthropod abundance 
12.6 f 10 %uthern California moderate total abundance 
14 f 9 Feral Fraser River Macoma present 
14.6 f 24 Southern California low total abundance 
18 Cubatao River Brazil high toxicity-Daphnia 
19,8 f 34 ' Southern California high species richness 
21.2 f 11 Kishwaukee River high number of taxa 
25.2 jl. 97 San Francisco Bay least toxic-bivalve 
26.6 Keweenaw Waterway high1 toxic-Daphnia 
27.1 DuwaYnlah River nontoxic-s mp 
29f 8 

L 
Keweenaw significantly toxic-Daphnia 

30.6 f 26 Kishsukee Rlve~  least number of taxa 
32f 18 Little Grizzly Creek significant toxicity 
32 M a c o m  burrowing bioasaay 
g32.4 Wauk~gan Harbor highiy toxic-amphipod 
35 Norway bonthoe diversity 
54 ER-L 
35.1 k 12 TrMty River Peast toxicity--Dapfrnio 
413 Los Angela Harbor 25056 mortality-sMmp 
42.1 f 27 %n Francisco Bay moderately toxic-amphipod 
42.4 f 26 Mawchumtts Bay moderate species richness 
43.1 f 33 San Frmcisco Bay nontoxic-bivalve 
45.6 f 59 Southern California nontoxic-amphipod 
46.7 f 17 Massachusetts Bay low benthic species richness 
46.9 k 31 Pug& Sound nontoxic-amphipod 
47.8 f 103 Southern California low arthropod abundance 
GO San Francieco Bay txiad minimum bioeffects 
51f 34 San Francisco Bay least toxic-amphipod 
51 rt 111 Southem California law species richness 
53.7 f 27 Trint ty River significantly toxic-Daphnia 
54.4 f 36 Snn Prandsco Bay nontoxic-amphipod 
57.1 j: 20 DuPage Rivor high number of taxa 
543.3 f 61 San Francieco Bay significantly toxic-amphipod 
58.9 i 63 San Frandsco Bay significantly toxic-bivalve 
>60 FWPCA heavy. benthos absent 
63.4 f 63 %n Francisco Bay moderately toxic--bivalve 
64.4 f 118 Southern California low echinoderm abundance 
66 PSDDA screening level 
73.1 f 42 Southem California eignificantly toxic--amphipod 
74 Macoma avoidance bioassay 
77.6 f 75 Cornneemen t Bay least ioxic-amphipod 
78.6 f 34 Phillips Chain low toxicity-Daphnia 
81.7f 49 Feral Fraser River Macoma absent 

No effect 
No comrdance 
No effect 
No e k t  
No mmrdmce 
No effect 
No effect 
No effect 
No gradient 
No concordance 
No effect 
No rOnc0- 
Small gradient 
No effect 
No effect 
No effect 
? 

No effect * 
4 

No corm>rda.nm 
I 

Detection limits * 
3.0 percentile 
No effect 
0 

No effect 
No effect * 
No effect 
I 

Nb effect 
*. 
* 
No effect 
No effect 
Small gradient * 

No effect 
+ ,  

No effect 
No effect * 



Conccntr:~tZon (ppm) B.iologica1 Test 

Black Rock Harbor 10% mortality-Nereis 
Southern California high total abundance 
6an Frandsco Bay highly toxic-amphipod 
San Frandsco Bay highly toxic-bivalve 
Commencement Bay least to~dc-oyster 
PIR-M 
Torch Lake eignificantly toxic 
Commencement Bay moderately toxic-oyster 
San Francieco Bay BET amphipod 
Stamford nontoxic-shrimp 
%n Francisco Bey triad significant bloeffects 
EP chronic marine O4k TCX 
hget Sound moderately toxic-amphipod 
Saan Francisco Bay AIST-bivalve 
DuPage River low number of taxa 
Hudson-Rarl tan not toxic-nematode 
Fhillips Chain significantly toxic 
Commencement Ba moderately toxic-amphipod 
Baltimore Harbor r east toxic-fish 
Shebay an River significantly toxic 
Now a& nontuxic-shrimp 
1986 Puget Sound AET-benthic 
Like Union 95% mortality-amphipod 
Fr\los Verdes major benthic degradation 
Hadson-Rarltan highly taxic-nematode , 
?988 Puget Sound AET-benthic 
Baltimore Harbor most toxic-.fish 
1986 Puget Sound AET-MicrotoxrM 
Commencement b y  highly toxic-oyster 
'1986 Puget Sound AET-amphipod 
1986 Puget Sound AET-oystcir 
Puget Sound highly toxic-amphipod 
Commencement Boy highly toxic-amphipod 
EP acute marine Q 4% TOC 

- - . 
* 47 concentrations "sed to determine ER-L and ER-M values 

No effect .* : 
'! 
No effect ' 
SO percentile 
Y ,  

No effect 
* ' ,  

No effect * 
* ,  
No effect * 
,No effect 
, y 
* 



Table 8-7. Sediment effects data available for MERClIJRY arranged in ascending oadm 
With rramarlacs regarding use of the concentrations to detknnhe BR-L and ER-M values. 

Bicologicd Test Remarks 

Newport not toxic-shrimp 
BP chronic marine 494% TOC 
Mississippi River low toddty 
Duwgmish River not todc-sMmp 
Massachusetts Eay high benthos s es richness 
Waukegan Harbor highly toxic- $ZIIO 
Kishwaukee River high number o taxa 
Kishwaukee River low number of taxa 
Sheboygan River significant toxicity-prawn 
Feral Fraser River Macoma resent 
Mmthusetts Bay low ben g os s ies richness 
Keweenaw Waternay not toxic-pffhnlrr 
Keweenaw Waterwa leas: toxic-Daphnfa 
Lo8 Angeles toxic (> Ok, mortality)-shrim~ 
ER-L 

L 
, 

Stamford not toxic-shrimp 
Lake Union 95% mortaU ty-amphi 

I 

Macoma burrowing ttme bioassay 
R" Maesechusetto. Bay moderate bont os species richless 

Keweennv. Waterway most toxic-Daphnia 
Commencement Bay least toxic-amphipod 
Commencement Bay moderately toxic-oyster ' 
Commencement Bay least toxic-o ter 

PSDDA screening level 
3" Keweenaw Waterway nignffican y toxic-Daphnia 

W a g e  River high number of taxa 
Torch Lake significant mortality-Daphnl 
Connr-lmcemerrt Bay moderately toxic-amphipod 
San Francisco Bay least toxic-bivalve 
Trinity -River significantly toxic-Duphnia 
Norwalk not todc-shrimp 
Southern California significantly toxic-amphipod 
Southern California not toxic-amphipod 
Baltimore Harbor least toxic-fish 
19M Puget Sound AET-MicmtoxrM 
Feral Frascr Rlver Macoma absent 
Puget Sound nontoxic-amphipod 
Macoma avoidance bioassay 
San Francisco Bay least toxic-amphipod 
San Frnncisco Bay not toxic-bivalve 
1986 Puget Sound AET-oystea 
San Francisco Bay not toxic--amphipod 
San Francisco Bay highly toxic-bivalve 
'T'rinity River low toxicity-Daphnia 
EP atcute marine @4% TOC 
Gmrgetom benthic cornmud 
Pontoporein aetldty not ai&ca.ntly decreased 
San Francisco Bay moderately toxic--amphipod 
San Francisco Bay significantly toxic-amphipod 
San Francisco Bay significantly toxic-bivalve 
1986 Puget Sound AET-benthic 

No effect 
Q 

No effect 
No effect 
No effect * 
No effect 
No gradient 
Below detection 
No effect 
No gradient 
No effect 
No effect 
Q 

10 percentile 
No effect 
It 

No gradient 
Q 

No gradient 
No effect 
No gradient 
No effect 
No gradient 
No effect 
No effect 
Q 

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 



2 - 

\ 

Fmilr Bd,  dconthued) 

iQan~tntPoltion Ippm) ?Slolo$lod Test Remarka 
I 

0,9 5.1 Sari Praneisco Ba moderately toxic-bivalve b 
tb 

0'9 Cubatao River I3 0 toxidty-Daphnl ~t 

O,% f 1 San Frandeco Bay highly toxic-amphipod a 

1,M k 13 Phillips W n  not toxic-Daphnia No effect 
1.3 HRnM SO percentile 
1.3 San Frandsco Bay AET-arnphlpod 9 

1.38 f 4.6 Puget &und intermediate toxicity-amphipod 4 

1.5 San Francisco Bay AET~bivtrlve ~t 

1.5 f 0.9 L. GtAzzly Creek significantly toxic-Daphnia e 
1.6 f 1.1 Baltimore Harbor most toxic-fish * 
1.6 k 2 DuPagle River low nwnber of bxa * 
2.1 1986 h g e t  Sound AET4mphipod It 

2.1 1988 Puget Sound AET-benthic * 
2.16.335 Pontoporda activity dgn decreased * 
2.7 San Diego Bay not toxic-various No effect 
3.5 i 12.5 . Commencement Bay highly toxic-oyster e 
5 f 6,7 Hudwn-bitan not toxie-nematode No effect 
5,04 f 1L8 Pupt Sound highly tokic * 
8.9 f 7.5 Hudson-Wtan highly toxic-nematode e 
9.4 Phillips Chain significantly toxic lk 

11.2 f 22,8 Commencement Bay highly toxic-amphipod R 

13.1 LC50 am hipod bioassay tl 
I) 

34.9 New Yor nontoxic, lW, various species No effect 
88.2 !3an Diego Bay not toxtc-mysid No effect 
66.5 San Mctgo Pkry not toxic-clam No effect 
' m.4 San Diego Bay not toxic-fieh No effect 

* 30 concentrations u.d to detennine ER-L and ER-M values 

I 

I 



Table 34. Sediment eficcts data, avaLPab1t for NICKEL arranged in ascending order with 
remrrke xcgarding uee of the coneentratione to determine BR-L and RR-M valuse. - 

No concordance 
No effeut 

No effect 

No effect 
No effect 
No concordance 
10 percentile 

Commencement Bay hi hly toxic-oystcr 
5% 31 Los Angales Harbor (> % mortality)-shrtmp 0 

, 
~31.8 Wauke an Harbor significantly toxic-amphipod below detection 
W12 Ma~rmc!ulent Bay law r p ~ l a ~  richneu 
W14 Feral Fraeer River Mncomo present No offa 
35f14 Kewmew Waterway not toxic-Daphnio No effect 
3 6 s  Trinity Hver not toxic-Daphnk No effect 
38 Stamford not toxic No effect 
39 1986 Pupt Sound AET-oyster 6 

W 6  Little Cfizzly Creek sl cantly towic-Daphnia R";" 
* 

41S2 Communcement Bay ghly toxic-amphie I) 

43 Norwalk not t ox ic - - sbp  No affect 
4433 Feral Fraser River Macoma abeont Small gradient 
49 1986 Puglet Sound Am-benthic I) 

50 ER-M 50 percentile 
52 Black Rock Harbor 300% mortality-Nerds v 

7 W 4  Baltimow Harbor least toxic-fish No effect 

No €Iff& 

No d-tive valm 
No definitive value 

Not definitive 
Not definitive 

18 concentratione used to determine ER-L and ER-M values 

B-13 



Table Bb. Sediment effects data available for SILVER arranged in ascending ordm with 
remarks agarding use of the concenbatlone to determine HR-I, and BR-M valmea. 

0.2 f 0.1 Commencement Bay highly toxic-amphipnd No gradient 
0.3 f, 0.1 Commencement Bay moderately toxic-am hipod No gradient 
0.3 f 0.1 Commencement h y  leaat toxicamphipol No gradient 
0.3 f 0.1 Commencement Bay highly toxic-oyster No gradient 
0.3 f 0.1 Cormnencemmt Bay moderately toxic-oyster No gradient 
0.3 f 0.1 Commencement Bay least toldc-oyater No gradient 
0.3 * 0.1 Puget Sound least toxic-amphi No effect 
0.5 f 0.4 San Francisco Bay least toxic-calve No ,effect 
>0.6 1986 h g e t  %und AET-oyster No definitive value 
>0.6 1986 Puget Sound AET-MlcmtoxTM No definitive value 
0.6 f 1 Puget Sound highly toxic-amphipod * 
0.6 f 0.5 San Francisco Bay not toxic--bivalve No effect 
0.6 f 0.8 Southern California high echinoderm abundance No effect 
0.6 f 0,Y Southern California moderate echinoderm abundance No ,gradient 
0.7 f 1 Southern California maderate arthropod abundance No concopdance 
0.7 k 0.8 Southern California moderate species richness No concordance 
0.8 f 0.6 Feral Fraser River Macoma present No effect 
0.8 San Diego Bay high survival-various No effect 
0.8 %n M e p  Bay high survival-various No effect 
0.9 f 0,9 San Francisco Bay moderately toxlc-amphipod No concordnnce 
0.9 f 1.6 Southern California high arthropod abundance No effect 
0.9 f 2.1 Southern California high spcies richness No ,effect 
1 Maconra avoidance bioassay Y 

1 ER-L 10 percentile 
1 f 0.6 Stin Francieco Bay moderately toxic-bivalve I+ 

lf2 Southern California moderate abundance No rowordance 
1 .I San Francisco Bay AET-bivalve * 
1.1 f 1.9 Southern California not toxic--amphipod No effect 
1.2 PSDDA xreening level No effect 
1.2 zk 1.7 San Francisco Bay significantly toxic-amphipod No concordar~w 
1.3 f 1.8 San Francisco Bay least toxic-amphipod Noteffect 
1.3 f 1.4 Southern California significantly toxic-amphipod No gradient 
1.3 & 1.8 Southern California low abundance No comrdance 
1,4 f 1.9 San Francisco Bay not toxic-amphipod No effect 
1.7 f 2.6 San Francisco Bay high1 toxic-amphipod r No mmrdance 
1.7 f 2.2 San Francisco Bay signi icantly toxic- bivalve Y 

2.1 f 1.3 Feral Fraser River Macoma absent Y 

2.2 f 3.9 Southern California low arthropod abundance * 
2.2 ER-M 50 percentile 
2.5 f 4.1 Southern California low species rich~ress ~t I 

2.6 Macoma burrowing bioassay * 
3.1 f 4.5 Southern California low echinoderm abundance I$ 

3.2 f 5.6 Southern California high abundance No effect 
>3.7 1986 Puget Sound AET-amphipad No definitive value 
5.2 1986 Puget Sound AET-benthic Ib 

>6.1 1988 Puget Sound AET-benthic No definitive value 
6 1988 Puget Sound BET-amphipod It 

6,9 f 2.5 Sen Frandsco Bay hi hly toxic-bivalve * 
>8.6 Snn Francisco Bay AE!%-amphiPd Not definitive 

* 13 concentrations used to determine ER-L and ER-M values 
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Table 8-10. Sediment effecb data available for ZINC amanged in ascending order with 
remarke mgmrding uee of the eoncenkatiam to determine RR-L and ER-M values. 

Cancantration (ppm) Biological Teat Remarke 

11 Geolqetf~wn benthic community No effect 
20 Cub~.taa River highly toxic-Daphnia No mncordance 
32k7 Massachusetts Bay high species richness No effect 
5 0 f  13 Southern California high echinoderm abundance No effect 
50 f 22 Southern Gdifornia moderate species richness No concordance 
51 4 24 Southern Califonfa high arthropod abundcnce No effect 
51 Amphipod avoidance bioassay D 

52 f 28 Southern California moderate arthropod abcndance No gradient 
53 f 28 Southern California moderate ab~tndance No concordance 
55 f 34 Southern California moderate echinoderm abundance No gradient 
55 Newport low toxidty-shrimp No effect 
S f  41 Trinlty River. low rnortElllty-Daphnia No effect 
59 to 124 Pontopoteia bioassay Q 

62 Keweenaw Waterway low toxicity-Daphnia No effect 
65 k 19 Feral Fraser River Macomn present No effect 
69 f 24 Kewrenaw Waterway not toxic-Daphnia No effect 
71 f 106 Southern California high species richness No effect 
73f 81 Southern Califoda low abundance No concordance 
72 Duwadsh River low toxicity--shrtmp No effect 
76 LC08 amphipod bioassay No effect 
79 LC05 amphipod bioassay No effect 
80 Norwegian benthic species diversity Pmr concodance 
89 f 41 San Francisco least toxic-bivalve No effect 
%f 52 Kiahwaukw River highest benthic species richness No effect 
98 f 64 Massachusetts Bay moderate species richness 
1 W f  122 Commencement Bay least toxic-oyster No affect 
107 f 31 Kiehwaukee River least benthic apecies richnees No gradient 
108 f 79 Commencement Bay least toxic-amphipod No effect 
109 Macoma burrowing lime bioassa No concordance 
114 f 52 Puget Sound nontoxic-amphid No effect 
117 f 42 Massachusetts Bay lowest species richness * 
120 ER-I. 10 percentile 
121 f 100 Trinlty River significant mortality-Daphnia * 
127 Waukegan Harbor high toxic-amphipod a 

130 San Francisco Bay AET-bivalve Q 

136f 78 San Francisco Bay not toxic-bivalve No effect 
146f 73 San Francisco Bay moderately toxic-amphipod No co~wrdance 
154 f 91 San Francieco Bay significantly toxic--bivalve Small gradient 
154 Keweenaw highly toxic--Daphnia * 
IS8 4 87 San Francisco Bay significantly toxic--amphipod No concordance 
160 PSDDA screening level No effect 
lbSf 52 Keweenaw Watemay significantly toxic-Daphnia * 
169 f 53 Feral Fraser River Macoma absent r) 

ln f 91 San Francisco Bay least toxic-amphipod No effect 
172 Macoma avoidance bioassay 
172 f 92 San Francisco Bay moderately toxic-bivalve * 
177 f 96 San Francisco Bay not toxic-amphipod No effect 
182 f 384 Southern California low arthropod abundance * 
182 * 56 DuPage River highest benthic species ric1)ness No effect 
185 f 335 Commencement Bay rnrx3eratcly toxic-oyster * 
187f 115 Sm Francisco Bay highly toxic--amphipod No gradient 
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Table IS-30. (continued) 
- 

Conccntra~an (pgb) Bialoglc~l Test Remarb 

188 Amphigd avoidance bioaassy IP 

195 f 166 Puget und moderately toxic-amphipod e 
1074- A l C  C n r . b L m m  Pnlltr\r.rJn I-.., n--:~, .  .*-L--..- b 

2Ef 90 San Francisco Bay highly' toxic-bivalve b 

211 f 342 Commencement Bay moderately toxic-amphipod a 

212 f 243 Southern California not toxic--amphi@ I NO effixt 
216 f 213 Phillips Chain low mortality-Daphnia 
223 Los Angeles Harbor .SO% mortality-shrimp o 

230 Ssn Frandsco Bay AET-aimphipod 
230 1 684 Southern California low echinoderm abundance It 

245 1 201 Hudson-Raritian sitive growth-nematode 8" No effect 
260 1986 Pugt %un AET-benthic I * 
267 5 2998 Little Grizzly Creek significant rnortallty-~nph~io b 

270 ER-M 50 percentile 
276 LCM for amphipod bioassay * 
290 f 10 Sheboygan River significant xnortallty-prawn I) 

310 Torch Lake significant mortality--Daphnia 
320 Lake Union hi h mortality-am hipod f P e 

327 5 162 DuPage Nver east benthic spec ea richness l 

?aA Ria-C P n m L  UsrLr  1 M O L  mn..)slik,-Xlr-,L..'n 0 

348 1 2% Southern California sigificantly toxlc--amphipod ' 
387.4.783 Commencement Bay highly toxic-oyskr It 

410 1988 Pugct kund AET-benthic I 

449 .f: 252 Hudson-Mtan negative growth-ncmtodc * 
570 Phillips Chain significant mortality * 
61 3 50.7% mortality--Rhepoxynius bioassay 0 

636 NorwetIk 0% mortality--shrimp No effect 
7n7 A OEC D m s n a b  Cn..-rl hi-h1.r C n v i ~ s m m h i . v v l  o 

. ~ 

*IUUISI 11 U l L l U I  I I I a l  I W W  LaYCLIU;L I I L I U l ~ U S  

U I O . C A  I\-- 1 aC.1 WI b \ W  N I*IUI LO.IbJ-JVrj1GlJ 

Stamford low mortality-shrimp No effect . 

Southern Califonla high abundance Nocordcordnnce 

I U -F;, .,,,...I" .*.6...J .".UL-U..Ly... 

~a~tirnare Herbor least t o x i c - f i s r  
Palos Verdm major benthic dcmadntlon 
CD - ~ C ; - P  n/.-nic 

V . - 

a i m a n t =  uv*vu.L  O4R TOC e 
IW 

870 1986 Puget Sound MT-amphipad L 

941 f 1373 Commencement Ray highly toxic-amphipad b 

96-0 1988 Puget Saund AET-amphipod 0 

Ifm . 1906 Puget Sound AET-oystcr I * 
1600 1986 Pugret Sound AET--MicrotoxTM \ Q 

1804 f 2098 Baltimore Harbor most toxic-fish * 
2240 EP marine acute '34% TOC * 

* 45 concentrations used to determine ER-L and ER-M values 



Table 8-U. Sedbsnt eHecte data available for ]PCBs arranged in mccndlng order 
w3Clir rernaskr regarding uere of the concentratlon~ to determine ER-k and ER-M 
values. 

Concentration tpp'u) Biolaglcal Tee t Remarlas 

Trinity River significant mortality-llnphnin 
Trinfty River low mortality-~a~hnia 
Mi~sfssippi PAver 55% survival-midga 
~~&isfitppl River 25% survival-mayfly 
Maewchu~tts  Bay high species r lchness 
SLC freshwater 
Mmchr~aet t s  Bay moderate apedes richness 
Maeaeckruaetts Bay low species rich~ess 
Nahwaukee Nver highest epcies richness 
Miesissi~pl River high survival-mayfly 
Mississippi River YO% survival-mldges 
Sou them California high echinoderm abundance 
Ssu\ Diep Bay high survival-various 
Sari Bego Bay high survival-various 
San Francisco least toxic-bivalve 
Commencement Bay least toxic-oyster 
Southern rZalifornta moderate whinodenn abundance 
Wage River highest species richness 
SLC marine 
Commencement Bay highly toxic-omphipod 
SLC marine 
Georgetown bathic community 
EIP-L 
b n  Francisco Bay AET-bivalve 
Southern California moderate arthropod abundance 
Mississippi River high survival 
Comxne~~cement Bey least toxic-am hipod 
Southern California high arthrop o‘r abundance 
Sou them California moderate abundance 
San Francisco Bay least toxic-amphipod 
hget  Sound nontoxic-emphipod 
San Francisco Bay triad minimum bioeffects 
San Francisco Bay not toxic-amphipod 
San Francisco Bay significantly toxic-bivalve 
Kishwaukee River least species richnew 
1986 Puget h u n d  AET-MimtoxTM 
PSDDA screenin level 
Commencement ky moderately toxic-oyster 
Sax\ Francisco Bay significantly toxic-am hipod 
%n Francisco Bay moderately toxic--amp 1 ipod 
b n  Francisco Bay triad significant bioeffects. 
§outhen California low abundance 
Sari Francisco Bay highly toxic-bivalve 
San Francisco Bay moderately toxic--bivalve 
Sari Francisco Bay highly toxic-amphipod 
Waukgan Harbor least toxic-MicrotoxTM 
Baltimore Harbor least toxic-fish 
W a g e  River least species richness 
San Francisco not toxic-"bivalve 
Southern California high species richness 

No gradient 
No effect 
No corw)rdance 
No concordance 
No effect 
I& 

No gradient 
No gradient 
Yo effect 
No effect 
No effect 
No effect 
No effect 
No effect 
No effect 
No effect 
Small gradient 
No effect 
I) 

No concordance 
I 

No effect 
10 percentile 
9 

No concordanw 
No effect 
No effect 
No effect 
No concordance 
No effect . 
No effect 
U 

No effect 
No concordance 
I+ 

Y 

No effect 
0 

w 

* 
* 
No concordance 
No gradient 
P 

No gradient 
No effect 
No effect * 
No effect 
No effect 



?able B-BE. (continuedb 

Coacentxatlon (ppb) Biological Test Remarks 

Commencement Bay moderately toxic--amphipod 
Wget Sound moderately toxicam hipod 
San Francisco Bay AET-amphipuf 
Southern California significantly toxic-amphipod 
Puget Sound highly toxic-amphipod 
EP chronic marine (hexa-PCB) 
Hudson-Rari tan positive growth-nema t d e  
Commencernont Bay highly toxic-oystcr 
ER-Ad 
Southern Califonzia moderatr! species richnr:ss 
Southern California not toxic-amphipod 
Hudson-Baritan n hve gowth-nematode 
1988 Puget Sound %' -benthic 
Southern California low arthropod abundance 
Significant toxicity-Rheporynilcs in mixtures 
1986 P u p  %und AET-oyster 
1986 Pugel Sound AET-benthic 
Baltimore Harbor most toxic-fish 
Southern Cnlifornia low species richness 

* kuthem California low echinoderm abundance 
Black R c ~ k  Harbor significantly toxic-amphipod 
Southern California high abundance 
1986 Puget Sound AET-amphipod 
1988 Puget Sound AET-amphipod 
Lake Union significantly toxic--amphipod 
New York Harbor low mottnlity-various 
LC50 R h p x y n i u s  1Q-d bioassay 
Waukegan Harbor highly toxlc-MicrotoxTM 
Waukegan Harbor moderately toxic-MicrotoxTM 

'No concordmrr 
6 

MD c o m r h e  
Small gradient 
* .  
No effect 
* 
50 percentile 
* 
No effect * 

* 
* 
* 
* 
It 

N o  effect 
* 
* 
* 
No effect * 
* 

- 

34 concentrations us& to determine ER-L and ER-M villues 



Table B-'12. Sediment effects dab  available for p,p'-DDT mange8 in ascending srda 
wi?h remarks regardink ulpe of the conccentrstions to determine ER-L and ER-M values. 

Biological Test 

EP 99 percentile chronic marjne 
Sim Francisco Bay highly toxic-bivalve 
EF 95 permntile chranic marine 
ER-L 
Son F F ~ ~ C ~ S C Q  Bay nat toxic-amphi 
§an Francisco Bay least toxic-amp ipod 
EP chronic safe Levd 8 1  % T K  

R" 
*an Francisco Bay least toxic-bivalve 
San Francieco Boy moderately toxic-amphipod 
Sun Francisco Bay not toxic-bivalve 
1966 Puget Sound AET-amphi 
Sari Francisco Bay significant y toxic-bivalve 
1986 Pupt  Sound AET-oyster 

p" 
EP chronic m i n e  a% T K  
EP chronic m i n e  4344% TOC 
5an Francisco Bay moderately toxic--bivalve 
EIR-M 
San Francisco Bay significantly toxic-amphipod 
Swn Fmdsclo Bay kET-bivalve 
%n Fmcisco Bay AET--amphipad 
1986 h g e t  Sound AET-bcrrthic 
Sarn Francimo Bay highly toxic-amphipod 
1488 I?I@.ct Sound MT-benthic 
Overall LC50 R,  abronius: spiked bioaasay @ 1% TQC 
Georgetown benthic mnmuni ties 
Pdos Verdes not toxic-amphipod (n=l) 
Psllos Verdes significantly toxic-amphipad (n=2) 
BP acute h e  level @I% TOC 
1988 Iaull;@t Sound AET-amphi pod 
EP acute marine 634% TOC 

20 percentile 
No effect 
No effect * 
No effect 
No gradient 
No effect 
* 
Small gradient 
No definitive vduc * 

50 percentile . . 
IC 

Poor mnmrdana! 
It 

* 

No effect 
No effect 
Snnall scrxnple dze 
* 
No definitive value 
R 

15 corlcentrations US& to determine ER-E and mZ-M values 



Table 8-38. Scdhent &s& dab availlPErle for p,p'-IYDE arranged in aecmding ordm 
with temauka, mga~dhg use of the concontratlons to detamhc W-L and lilt-M value@. 

Ivlississippi River 55% survival-midge 
Mississippi River 80 tolOO% survivrii-midge 
Mississipi River 90% survival-midge 
Mlsslsslppi River' 25% survival-mayfiy (n=l) 
Misttiesippi River 80 tolOI)% sunrival-scud 
Sm Francieco Bay last toxic-amphipod 
%n Francisco Bay not toxic-amphi 
$an Francisco Bay least taxic-biva ? ve 
$an Francisco Bny highly toxic-bivulue 
!hn Franciisco Bay not tam-bivaive 
%n f randsco Bay moderately toxic-amphipod 
k n  Francism b y  significantly toxic-bivalve 
m-L 
%n Francieco Bay mderatdy taxic-bivalve 
Sen Prandrrco Bay AET-bivalve 
%n Francisco Bay significantly taxic-emphipod 
$an FrarrcAsco b y  AET-amphipod 
S m  Francisco Bay highly toxic-amphipad 
1906 Pupt %uMg MT-benthic 
ER-W 
19% l%g& Sound AET-amphlpod 
BP 99 percentile chronic marine @I% I W  
Ceo town trwrfhic communities 

Froentile h n i c  marine + 
PJos er$w not toxic-amphipod 
Palos Vordsls significantly toxic--amphipad 
Pabs Verdes mpr benthic degradation - 
EP safe acute @1% TOC: 
HP acute marine Q4Z T K  

No gradient 
No effect 
No effect 
Small earnpie size 
No effect 
No efftxt 
No effect 
No effect 
No gradient 
No effect 
No gadient 
No gradient 
10 percentile 
* 

No effect * 
No effect * 

* 13 concentrations used to determine BR-L and HR-M values. 



Table B44, Sediment dW$a~ daw s ~ b 1 . e  h r  p,pt-DDD a~aarged in a~~~kndlng uudrm 
wd& lximuk.tl nergmhg use of 4fie cmaentr;eadanra to determine ER-L aad ER*M dues 

%I Franckm Ray moderately toxic-amphipod 
Skm Francism Bay d@cantly toxic-amphipad 
EIA-k 
Slrn Frrtnciaco Bay highly toxic-bivalw 
Sm Pkflndsco Bay l a e t  toxi-anphi 

19% Pug& Sioalnd m-benthic 
v %n Frarrdscs, Bay highly toxic-amp i p d  

h d s w  Bay nn t bxic-amphi pod 
El' 99 percentile chronic marim 
%an Francisco Etay lymt taxic-bivnl wc 
9gn FraMm Ekay nFt toxic-Mvalvu 
6an Frandsco Bay significantly toxic-bivalve 
Srrn Fran- Bay ART-bivalvc: 
Ssln Francisco 'fla AET-am hipod d' L ZW0PugetSOun AET-bt?n .c 
Slan Rmcisco Bay moderately toxic-bivalve 
ER-M 
EP 95 pexcwr#.lile chronic mdne  
1% h g e t  Sound AET-amphipd 
Gemgetown h t h k  cornmud ties 
PaJos Verdev not s@~ificenSly toxic-omphipod 
Palrar~ Verdes aignficantly tnxic-amphipod 
35f acute safe level 431% 'KK 
EB acute marine @k TDC 

No gradient 
Nr, gradient 
a0 pewontik 
No mmrdlnnm 
No effect 
No gladlent 
R 

No effec4 . 
I\Jo r ? f h ~ t  
NO 8ffm 
Small gradient 
No gradient 
No p d i e ~ z l  
P 

Small grad,ien t 
!!it) percentile 
Y 

* 
Nu effect 
Ncr cffoct 
Small ample size 
n 

* 

" 7 cacentmtiom'uaed to detcmdne ER-L m d  fiff-h4 value8 



*Jr8trSe B-26. Sadlmat  effects data available &or tab1 DDT ammged in eurcendimg order 
with w&ip aeprdhg usre d the  concentrations to detmlne EW-L ianB E33-M P&UZ~P. 

EP saltwater chmnic, assuming 1 k XX 
Freehwsrtcr SLC, assuming 1% TCK' 
£334 
EP saltwater chronic, assuming 1% TOC 
QSaDA WZ%Qfiifl$' \(?vG~ 
Trinity River low mortality-Daphnia 
Interim EP adhater  mil;aria, assuming 1% TOC 
DuPpl e River hfghesi tam richncsa 
Loth 3 threshold-Crangon bioassay 
Southen\ C#iifof.ornia not toxic-amplripud 

r[ex&udes Pahs Verdes sample) 
07-h LCSD Cran~nn spiked bimswiy 
Trlr~ity River significrnnt murtnllty-Dapfrnia 
Calculated EP threshold for frahwatcr 
k u t h m  Caiifurnia high ochinndem c~bars.rdnnce 
Smtf~mn C8llfamki sipri ficantl y toxic-ctmpllipd 
Southmn Cnlffmla mlxfcrazc w2xinadom abmdancc 
Southern California high wthropcd abundance 
Southem Chiifomin mderntc ronl afiundancc 
DaPa@ 3"31er loatll tnxa tichnem 
I;'muChcm CnlJfornia rncdcrmtr spwl@~ richness 
BR -M 
%uthm CnUf(~rnin mobmatc arthr~pxl  abuwance 
%ii.twetar !+LC aasumhg 1% 'AG(C, 
%Itwater SLC, assuming 1% TCK 
Southern California not toxic-am h i p d  

(indlud~i Palas Vcrdw samplc P 
%~uthrm Cz~lifornin low totnl nbundancc 
!kuthcrn California l~igh specis richrlrss 
@ark111 LC50 for Rfrqm,yn#u~  bion~wy 
ldC511 N. izztftxo hionstay Q 3% 'J'K 
Southcm Californic~ low artttmpod abundnncc 
  hut hen^ California low specie3 richnctl~ 
Nn deaths W .  rtirens apfk~.x¶ binasmy 
%~uthcm California low rchinndornr abundnncc 
Lao H. aima b10~fdSiiy 7.2% T m  
%ruthem Califnmin high tt1tn3 abur.rdancc 
LC%) H. m i m  bionssny @ 109% 'KK 
1-DXI cricket nymph b~anwrry 

Nw effect 
No e.ffcd 
I) 

No effect 
r 

* 21 cnnmntralin~w used to determine Ell-L and ER-M valurv~ 
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%, 
3?#iii1e~S22Vi. Brdiment effccte avdlable for P J ) ~ B ~  meurged h mcendlb ndcr 
w I & & e  ~ p t ' i t n y Z  rapa sf the cconcentrartimt~ * dk9sraine m*L and BRIEvE ralues. 

Slsn Randm lhy  M@p toxic-bivalve 
EP 99 percentile c%uronfc marine 
BR*L 
EP 95 p m t i l e  chronic marine 
Pmhwater SLC @I.% TOT: 
LC50 Ctangon epiM blowsay 
W8hwarakee aver mat 'benthic trpm 
SBIn Pramdm Bay modmtely toxi- hipod 
h n  ~rrmcittm leaat toxiMuIIPhipolp 
Sari Praauden, Bay least toxlc-bi~alvcl 
DuPiup River most benthic taxa 
Sin Frandsco Bay not toxislc-sunpkripd 
5an Pramism Bay not toxic-Bivalve 
Siin Pmcim Bay ART~blvalve 
6an Prandeco Bay AET-ampM d 
#Iblkwaukee River least bent hPO c taw. 
San P F ~ R O  Bay sigrrffimtly toxic-amphtpod 
Sm MrmIrfr.ul b y  a@Vicantly toxh-*bIIvalve 
BR-M 
an Xaraacrsco Play moderately toxic--bivalve 
9an Prar<rcl!m b y  highly toxlo-tunphtpod 
BP lethal f~ehwater thre8hold 
DuFqe River laa l  benthic tam . . 
TrAnity River ~llgnifinantly toxic-Daphnin 
Trinity River not toxic-Duphnha 
Gmr$etown dispoml ate benthic eommunitiw 
EP interim marine criteria 
EP intP331m fmahwator uritoria 
L W  Mncb ap&M flluawy 

No gradient * 

v 
a 

No effect 
No W I Y K T * ~  
No effeat 
No effect 
No leffeot 
No effect 
No effect 
4 

* 
0 

6mdl &radiant 
9mall padlent 
'%I pea+c'ccntllb: * 

No gradient 
No effwt 
No effect 
0 

* 
* 

* 14 conlmentztutions ueed to determine ER-L and ER-M valuee 





Table U-19. Sediment cbfects data available for A C E N A P m H  arranged in ascending . 
order W L  wnumks regarding use of the conecnbrahlom to Betennine l B R 4  and ER-M 
values. 

Concentr.Honm (ppk) Biolagiad Test R e m a r h  

San Francisco Bay last toxic-bivalve 
San Prancho Bay not toxic-bivalve 
&in Francha Bay moderately tolcic-bivalve 
Southern California hi y tmic-amphi 
San ~rancieco Bay m OP erately toxic-amp R" i p d  
§an Francisco Bsly eignificantly tadc-arnphipd 
Southern Califbmln not toxic--axnpht 
§an Frandm Bay WgMy 
San Francisco Bay AET-bivalve 
San Francisco Bay ei@fiantly toxic-bivalve 
Son 'rancisco Bay leaat: toxic-ramphipad 
San Francieco Bay not todc-amyhlpod 
Black Rock Harbor highly toxic--amphlpod 
San Frandscu Bay highly toxic-bivalve 
San Prancieco Bay AET-amphipd 
Commencement Bay least toxic-opter 
Commencement Bay leaet toxic-amphipod 
Co-t b y  moderately toxlc-oyater 
Ca-@men1 Bay moderately toxic-amphipod 
ER-L 
Predicted LCSFO arnphi d bioaseey-Eagle Harbor 
Commencement Bay hPO gNy toxic-ayster 
1986 Pugat Sound AET-aj%ter 
1986 kt@ Sound AET-benthic 
1986 P u p t  Saund AET-MicrotoxTm 
1986 Pug& Sound BET-amphipod 
ER-M 
Commnencement I4a hi hly toxic-amphipod 
19sS h r p t  Sound AT-Lnthic 
1988 Pu et Sound AET-ramphipod 
Eagle f arbor least toxic-amphipod 
Eagle Harbor moderately toxic-amphi d 
EP freshwater intmirn criteria 431 W 
EP chronic marine level @l% T W  

& 
EF acute maaine level @1% TOC 
Eagle Harbor high1 toxic-amphim 
EP chronic marine I 4% w 

No effect 
No effect 
Srnail gradient 
Not33mDKLhnce 
No oomrdance 
No corn- 
No effect 
No comKiance 
Small gradient 
§ d l  gradient 
No effect 
No effect 
Small gradient 
Small gradient 
No concaKianoe 
No e fk t  
No effect 
Y 

Small gradicnt 
10 percentile 
It 

50 perccntilc 
0 

It 

t+ 

No cffect 
Small gradient * 

*15 concentrations used to determine ER-L md BR--ha values. 



nBle SlklLD Sediment efbecb data avabbls for ANTHWiCBNS a x w e d  in ascending 
ofder Wdth raao~u:Iro =gardoing mae of the concentrationri to determine E W w E  ow4 BR-?@ 
V ~ U C S .  I I 

kloncep1.W~om (ppb) Biological Teal Remarks 

I 

Slan Franciwo Bay least todc-bivalve 
San Frandaco Bay AET-bivalve 
Sm PPandsaco Bay not toxicrbivtalve 
Southem Cdifonrla not toxic-amphipod 8 

Sari Frllndm Bq moderately toxic-am hipod 
Rediaed LC50 gle hrbor-amphiJ , 
BR-L 

8; 
%an Fmciwo Bay moderately toxic-bivalve 

Franciwo Bay least toxir-wmphipod 
San Frenriw Bay eigniflcantly toxic--amphipod 
San Fransiwo Bay not toxic-amphipod 
IPSDDA acremi level % camencemnnt y leset toxic-oyrrbr 
Saltwater SLC @I% TOC 
9an Francisco Bay significantly toxic-bivalve 
99 percentile chronic rnarlne el% Ta: 
Southern California eiplficuntly to.#1c-amphlpod 
Comm-ant Bay last toxlc-amphi 
9m Rmdm 8.y highly toxictrm & 

xr Comtnrcm-t Bay modmutely to c-emphipod 
Commcncoment Bay moderately taxlooyetor 
Com~ldumcememt Ba highly twlr-oyster r 45 percentile chron c marine @1% KX 
Commmcmtsnt Bey hi tly toxic-am h i p d  
San Francieca Bay hl af y toxic--biva ve 
1986 P"@ sound &-Opter 

P 
BRmM 
f 986 Paget Sound AET-Microtox~M 

Lake Union 1 highly toxic-amphipod 
24-h LC50 58% Elizabeth River-spot 
LC100 100% Elimbeth River--spot I 

No effect, * 
No effect 
No effext 
No ancaFdancc! 
a 

Ne effect 
No gradient 
No effect 
No effect 
Na e f k t  * 
Y 

* 
e 

No affect 
U 

8mall gradient * 

50 percentile 
I )  

No effect 
v 

q 6  concentrations used to determine ER-L and RR-M values. 



'Fable 1B-2l Sediment effectti data available for B ~ Z C ) , ~ A ~ ~ ~  ~namgsrd fw 
meending arder with ~ s n m k g  xepardhgg uae of the! cc~mccntPaOionre b determine BliB-L 
emd l3R*M vducs, 

Con~n4ratione (ppb) BJological Teet Xemmkr ' 

San Francisco Bay not toxic-bivalve 
S&n Francisco Wtay least todc-bivalve 
Southern California not toxlc-anphipod 
a n  Francisco Ba AET-bivalve 
Realcted LC!% &e brbm-amphipod 
San Prancieco Bay moderately toxic-bivalve 
San Prandeco Bay least taxic-amphipd 
%z\ Prandw b y  moderately toxic-amphipcd 
h Francisco Bay not toxlc-amphipod 
EW-C 
San Frandwo Eila ~ignificantly toxic-bivalve 
~omnrenclnnent & y least tmicayster 
Sari Francisco Bay significantly toxic-amphipod 
Saltwater SLC rEPl % 1W 
San Francisco Bay htghiy toxic-amphipod 
Southern ificantly toxic--amphipod 

todc-arnphi@ 
Corsunenmmmt b y  moderately toxic-emphipad 
Comrmmmmt Bay moderatdy toxic-oyster 
Cammrsmment Bay highly todc-oyrskr 
San Prandsco Be higw toxic-bivalve 
~ a m e m c m ~ n t  B ~ l y  hig d y toxic-trrnpldpod 
hn Francisco 1Ba AET-amphipod Cf 1986 Puget Soun AET-MicrotoxrW 
1986 hget Sound AET-.amp\hipod 
ERqM 
1986 Pug@ Sorand AET-oyster 
EP 88 rcentile chronlc marine @ 1% TOC 
~ o l u m  P la River maximum-am hipod 
~a le h r b r  least toxic-am Kpd 
19Qk pugel s o d  A E T - ~ &  
19EB Puget Sound AET-amphipod 
1988 Pu t Sound W-ben  thic 
Buglc I. E? rbor moderately toxic-amphipod 
2 8 4  LC30 2.5% Elizabeth River-spot 
Spiked bioamy with mlxtmamphipod 
Eagle Harbor highly taxic-amphipod 
EP freshwater interim criteria @ 1% TOC 
EP 95 pcrccntlle chronic rnadne (iP 1% TOC 
EP acute safe level @I 1% TOC 
Lake Union highly toxic-emphipod 
24-h LC50 36% Elizabeth Aiver-~lpot 
EF acute marine QD 4% TCX 
LC10 100% Elizabeth River-spot 

No effect 
No effect 
No effect 
I) 

4 

* 
No e fW 
Sml l  gradient 
No effect 
10 percentile * 
No effect 
Smrnll gradient * 
* 
Q 

No effect 
No effect 
Small gradlent 
b 

4 

* 
W 

* 
* 
* 
!% * 
* 
No effect 
No effect * 
* 
* 
* 
n 

Y 

* 30 conceatratioars use<ll to determine ER-L and ER-M values. 
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Table B-. Sedhent data available for CHRYQEN'8 arranged in ascending order 
wdth romarl#s regarding ure of the concentratlam to detennlne ER*L m d  KR-M values. 

Eagle WIarbr predicted LCSO-amphipod 
5m Frandxo Bay least toxic-bivalve 
Ssiuthern Chlifornia not toxic-amphipod 
San Frandm Ba not toxic-bivalve 
Commenment L y least toxir-oyeter 
%n Fmncisco Bay mderately toxic-bivalve 
San Frandsco Bay least toxlc-amphipod 
Marine SLC @I % W 
EW-E 
San Francisco b y  not toxic-illl[lphlpd 
San Francisco Bay moderately toxic-mphipd 
San Frandaso Bay significantly &#ic-amphipod 
San Frandaca Bay significantly toxic-bivalve 
San F~mcieco b y  highly bxic-amphipod 
Southern Cllrliforrdo sf ficantly toxic--amphipad 

Comm-t 
Commmoemerrt 
Go-nt 
99 p c e n t i l e  
C o m m n t  Bay highly toxic-oyebr 
C a m m t  Bay h hly toxio-omphipod 
1986 Pugat Sound a h c r o t o x N  
Ban Francisco Bay highly toxlc-bivalve 
San Francisco Bay AET-bivalve 
!hn Eranciwn Bn AE7:-am hlpd d' 1986 Pug& %un AET-arnp R iprxl 
1986 Pum Iiound AET-oysbr 
ER-M 
Eia Ic Harbor least toxic-nmphlpod 
Co f' urnhla River biomy-amphipod 
95 percentile chronic marint? 6P1 Z 'IW 
1985 Pu Saund AET-benthic 
LC50 2. !Y % Elizabeth River-apt 
1988 h g d  Sound BET-amphipod 
1988 19r t Sound AET-benthic 
Eagle moderately toxic-amphipod 
Bade Harbor highly toxic-amphipod 
BP acute safe level 
Luke Union eiffrificantly toxic-mphipod 
LC50 %% Elizabeth River-spot 
LC100 100% Ellmhth River-spot 
EP chronic marine @4% TOC 

It 

No effect 
No effect 
No effect 
No effect 
b 

effect 
It 

10 pexcentlle 
No .effect 
Small gradient 
Small gradient 
It 

Small gradient * 
No effect 
No effrct 
Small gradient 
It 

* 

0 

50 percentile 
No effect 
No effect 
r) 

* 27 concentrations used to determine ER-L and ER-M valucs, 



Clancentrations @gb) Biologiod Test Remarks 

15: * 15 h n  Prandslco b y  least toPdc-bivelvs No effect 
21 f 22 San Prandm Bay not toxic-bivalve No effect 
2 4 f %  kuthern California not toxic-amphipod No effect 
&k46 Sm Prmdsro Bay moderately toxic-bivalve * 
44 i 32 San Fr~ncisco Bay moderately toxic-amphipod No concordance 
sf 41 Comencmmt Bey least toxic-bivalve No effect 
55 k 58 9an Frmdm Bay algnificantly toxic-arnphipod No concordlam 
57f 77 !hn Francisco Bay least toxic-amphipd 
40 ER-L 

* 18 concentrations used to determine ER*L and EIR-M values. 



Tible 8 9 5 .  Sediment effects dab available for P E W O ~  a m n ~ e d  in ascending 
order w.i& aemmks mgi01dhp; rase of the con~enhrations to ddemina! 1BW-k m d  HR-M value&. 

- - 

98 Pal08 Vardea not toxic-amphip 
136 f 107 h n  Francieco Bay least toxic- ivalve 
1% & 3.07 Southern Califomfa not toxfc-amphl 
193 Palos Verdee dgnineantly wxic-amp pod 
3 8  h 617 9an Francisso Bay not toxic-bivalve 

RP" 
382 .f 241 Southom Calibrnia ai iliccnntly toxic-amphipod 
492 ~ u i n e ~ ~ : @ l + ~ $  
451 f 562 San Frandeco Bay moderately toxic-bivalve 
4199f4SE1 Cornmencoment Bay lnast toxic-ayeter 
509 S%8l San Francism b y  modmtely toxlc-nrnphipxf 
539 k 862 San Fmdeco Bay least toxic-uun hipad 
572 k880 Slan Frandw Bay not taxlc-amp pud 
504 f 3m 

R 
San Hrmcim Bay s@Mcantly toxic-arnphipod 

6 (YO ER-L 
6(]Q M i o t e d  LC30 Ba ie Harbor-amphipod 
530 PSDDA acmming f uval 
644 MatlntrS;W:QB 1%TC?C 
602,1049 Eoan Erandeno Bay oignlficontly toxic-bivalve 
784 k 1210 Sari Francisco Bay hig'lly tolcic-amphlpad 
923 & 1165 Cummcncament Day leaet toxic-amphipod 
9BfW Commcnmment Bay modaratoly toxic-amphipal 
ll)rKi*1:Ii55 Comrnanctnnmt Bay mrxlcrately toxic-oystm 
Id00 99 percentile BP chronic marine @ 1 k TO(= 
1655 $2029 Commonooment Bay highly toxic-oystcr 
In#, 1986 Puga kund Am-Mlcrotoxm 
2ml k n  Franciw h AET-blvtrlve 
2200 Columbia Rvor g iaaaeay-waphipod 
2360 f 3330 Cornmenccmont Bay highly toxlc-.amphlpod 
2500 19M P u p  Sound AEl'-oysm 
2737 f: 1617 Slut Frandm Bay highly toxic-bivalva 
3 1 0  95 rcontlle BP chmnic marint? @ 1 % TCX: 
3.300 L& s p i ~  b louuys  B 0.2% TOC-amphipod 
3600 EB-M 
3600 EF' chronic safe icvel 
>370U tian F r a n d m  Ba Am-amphipod 
3900 1986 hgct Soun d AET~rnphipod 
4200 t W  opilced b i o a a e a y ~  hi 
62M) L ! rp" LC30 eplkad blmsse Q 6iD 0.. % W-ampMpd 
63(10 1986 Puget ljound -bnthic 
8895 f 10337 Eagle Harbor muderatdy toxic-amphipod 
91100 EP acute safe levol 
1D5QO LC50 e W blweanys @0.5% TX-amphlpod 
12080 f 51889 hgle  & r b r  lmet r o x i c ~ m p h l ~  
150(111 Mixturns aplkcd bioaasaye-arnphipod 
188[#) iSP intcrim freshwater criteria @ 1% T W  
24000 1968 Puget Sound NT-benthic 
3 W O  1988 Puget Sound AET-am hipod 
36000 BP acute marine 43 4% T 
58250 

'2 
LC50 2.5% Elizabeth River-spot 

718U f 95713 Ea le Har'bar highly toxic-amphipod 
327200 L&O 568 Ellrabah River-spa 
570000 Lake Unlon significantly toxic-amphie 
2370000 LOOD 100% Ellzabah Rver4pot 

- - 
* 33 combrations used to determine ER-L md ER-A4 values. 

No ffid 
No etfa! 
No effect 
Small aample size 
No effect 
D 

0 

Q 

No d h  
No gradiant 
Na dfea 
No affect 
Small p d i e n t  
10 percentile 
a 

No effect 

* 
Small p d i e n t  
No e f k t  
No gnrdialt * 

No affect 
D 

Not dafinltivu * 



%&Me %&&. S d h m t  dkcb data mpdable h r  mWf[;PRW m e e d  in meendin& 
with mma&.n zk$:atdibg urse of the conccntradonar to determine BR-L and ER-M wPuc~. 

QanoemlhalN[nm Q~trlgbB EOiol0gloal Teat Remarksa 

San Francisco Bay least toxic-bivalve 
San Framir#ro by not toxic-amphipcPcf 
Sran kancislco Bay AEf-bivalve 
Sarr Rmdscs Bay not todc--bivalve 
%XI Prandeco Bay moderately foxic-bivalve 
§m Pnncim 8.y slgnihcantly t o x i y h i p d  
Sm PPamiwa Bay moderately toxic-amp pcad 
Slan R.andsoo Bay highly tuxic-amphiporll 
m*K, 
&an Prillr;cisrra b y  significantly toxic-dbhrdve 
San Franoim Bay least t~dc-amphipod 
San PF-Q Bay not toxic-amphipod 
99 mtUe BP chronic marine rEJ3 1% 7'OC ge P5 DA memi lev4 
~omracroment % y last toxic-oystcr 
Blnok Rook Harbor d Bcsnt roxic-amphlpod 
Marine see @I% To&" 
Comnemment Day l@eret toxic-mp'filpod 
C u ~ m e o n e n t  U y  mPdcrekly toxic-oyster 
~mma-t Bay modmtely toxic- l\iW 
95 perpentile BP chronic marine t3 1 % roP 
&an Francism by highly toxic-bivalve 
h @ e  &rhr  rnadepakl toxic-amphie 2 Hagle Harbor predietud CliO-amphipod 
Sari Prad@o Bey AET-amp'Npod 
C m m m m n t  Bny highly ioxic-aystm 
1986 P u p  h u n d  AET-tamphipod 
1985 Pug& aund A5I'-ayster 
1 9 1  Puget Sound AET-MiaotoxTM 
BR*M 
1986 hpt Sound h - h ~ h l c  
C o m c n m m t  Bay hi ly toxic--amphipod 
1988 Pu Sound A$r-%thic B Bage arbor least toxic-amphipod 
19M h @ k  %und AET-amphipod 
EP acute aafe level 
L C 3  2.5% 51habeth Rivar-spot 
Eagle Harbor highly toxic-amphipod 
EF ehmnic marine (iD 4% TQC 
Lake Union dpifimntiy toxic--mphipord 
Win& flounder liver-MFCJ 
Winter flounder liver-mmatic condition 
Winter flo~inder kidney-MFO 
LC50 56% Elizabeth River-spot 
&lM 100% Elizabeth River-spat 

No effect 
No effect 
a 

N o  effect * 
& 0 ~ ~ c e !  
No conmrdnnoc 
No gradient 
10 pmcmtilc 

No effect. 
ft 

* 
D 

* 
* 

w 

0 

ll 1 

* 
0 '  

28 consentrmtions u s d  to determine ER-L and ER-M values. 



Table W.27. Ssdhcnt effecter dah avdable for k ~ M N ~ L ~  mmged in 
mcendinrg order with remawla regaxding ufie of the cammceorbaticam to debmhnac ER-E mrd 
ER-M val~es. 

Concentratlone (ppb) Bioiogical Teat Remarks 

I6 i 33 Southern Califopnia not loxic-ernphipod No effect 
20f 7 San R a n d m  Bav least toxic-bivalve No effect 
24 4 4 San Pranetsca ~ai not toxic-bivalve No effect 
26 f 23 San Raarrcisco Bay noderatel toxic-bivalve J Stlull gPrpdimrt 
27 Snn Yrancisco Day AET-biv ve Q 

31 f 33 San Francisco by significantly tojdc-slrnphipod No comrdlrpnce 
32 1 41 San Frandsco Eray highly toxic-amphipod No gradient 
34 k 27 Ssn Francixo Bay moderately toxic-amphipod No madicnt 
3 4 1 3 3 .  ' $an Francisco B B ~  least toxii-amphipod " No Gffcct 
35 2.36 San Francisco ~a~ significantly toxic'-bivalve Small gradient 
39 5 35 San Franciwo Bay not toxic-amphipod No effect 
65 ER-I. POI ncercentilc 
6 k I M  Southern California einif iantiv toxic-am~himd * 
67 

' 1 

PSDDA screening lever No effect 
98 It 41 San Prmciscu h y  Ill@~ly toxic-btvnlve I¶ 

3.130 %n Frndsco Bay AET-amtrhipod Not definitive 
I&! k 121 Commencernerrr Bay lcaet d c l o p t c r  

I 
No effect 

160 k. 169 Cornma~ccm!  Bay least toxic-amphid No effect 
207 f 169 Commmccm~mt I3ai rncdcmtcly todc-bystrr Small gradient 
213 k 129 , Commnmrnn~t E3av rnodi?ratelv toxic-amnhid Small ersldicint 

I 
. I " 

326 2 323 C o m r n c r m n t  bi highly to&coyetcr * 
500 Mixtures spik~d bioassay-ampt\lpod Q 

Cammenckmcn t Bay highy  tdxicla m phi pod 
1986 Pupt .%rir~d AET---arnphipod 
1986 Puget Sound MT+y~tcr  
ER-M 
1986 Puget Sound AET-benthic 
1986 Pug& Sound ABT-Microtcr~~~ 
LCSO 2.3% Elizabeth River-spot 
1988 I'ugt Sound AET-benthic 
LC30 -54% Elizabeth River--spot 
7 988 Pugct Sarlnd kti7'-amphipod 
LCIOQ) 109% Elizabeth River- pol 
- - 

mnccntrations usxi to determine ER-L end ER-M VM~IJL%. 



Table! B-28. Sediment effects data ad1able for MAPHTEWEIE(WH arranged In mmdlng 
order with remauke mgiadig use of the concenba~om to deternine HEt-H, arnd ER-M 
vmea. 

Biological Tcart 

Black k b  Harbar projeckd highly bxic-ilmphipod 
Southern Csllfomia not toxic-slmphipod 
hedid& bale  Harlbor-amphipd biormmcay LC50 
hget  Saund lenat toxic-Micmtoxm ECXl 
Sarn Franciwa Bay moderataly toxic-bivalvo 
S9n Fmnciwo Bay rnod~atoly toxic-emphipod 
San h n d ~ c o  Bay sfgnificantly toxlc-mphipod 
Slhn Hrnndeco Bay nl~nlficantly todc-bivalve 
Sm h c i s c o  Bay Imet touic-aunphipod 
&n Francieso Bay loagt toxic-bivalve 
Sar, Francium b y  highly toxic-amphi 

Fnnci,,co Bey not t o x i c - a m p h i C  
Snuthm Cnlifornia ~lgnifimtiy toxic-amphipod 
5an Frrrmcir#a Bay not toxic-h~valve 
San Francisco Bay hi hly toxic-blvalw 
San Fmncisco Rsly & -biverlv~ 
Sari Francisco Qay ABT-amphipud 
PSDDA mwcnlng lwol 
Eaelc Harbor msdomtely toxic-omphlpod 
nit- L 
P u p  k u n d  modcrmmly toxic-Micmtox~BC! 
Cornmanamant by lanst tnnlc-oyntor 
wtwat@f SLC 
bglc Harbor las t  toxic-amphipad 
99 pwmntile EP chronic marine @I% TOC 
Cummsnmmrrnt Bay 1a~a,t toxic-amphijwd 
C~omrncme~rnant OP y rnadorntoty toxic* yatw 
Commanmmcnt b y  lnoderatcly tom-amphipod 
95 pcmntilc EP chronic marine 631 % T K  
Commoncamant by highly tox:c-ayster 
&gle Harbar highly tuxic-amphlpd 
Cornmoncamont Bay highly mric-emph~pod 
19W P u p  Sound AET-arnphlpod 
1986 hr@ Sound AET-oyarcr 
1986 P u p  Sound Am-hnthic 
1986 Pugel Suund AFT-Mlcmtow~ 
118-OM 
2Rd L C 3  for spot-23% Elk~bcth bvor mdimento 
1988 Pugot k u n d  AkT-amptiipucf 
1986 P u p  kjonnd AFT-bmttiic 
Saltwater SLC 
Pugct Saund highly toxic-Mimtnx" EC! 
Trinity River kigh specim richness 
Wintor floundm apiked b~aassnys-kic?. ahc NFO 
Winfn flounder splM b~oaaw~s-ti& 
Winter flounder opikcd bioassay~ctidncy MFO 
Trinit River low spcieu richncm 
Lake ZJ nlon highly toxic-blyalblla ' 

EP acute marinca threshold 434% TDC 
24-h LC50 fur a p t - % %  Dizahth River 
LC1 00 for spot-10% E l h M h  Rim 

Small. pd ien t  
No effect 
Small p d i o n t  
No e f f e  
No concordance 
No concordance 
.No concordance 
No concardnnce 
No &@Ct 

No f3ffCt-t 
3pd l  pd ion t  . 
No effect 
I 

Not definltivc 
Not dcfinfrive 
N o  dfea 
N o  concordance 
10 percentile 

Q7,tl conixntt.8tfons u d  to dctcrminc BR-L nnd ER-M vnlu&. 

0-35 



Table 8-29. Sediment effect8 data atmihbie for P H B N k U d T H R ~ E  im'mged in 
rancend- adcat wlth remark61 regadkg use of the  concentratiam to dekrmhe 
llR-E. and El&-M vsrlue8. 

a5 * 3Q Sari Francim Bay least toxic-bivalve 
88 5an Francisco Bay hP?T-bivalve 
110 !W percentils chronic marine 611% TGC 
119k 242 Southerrs Callfoxmila not todc-am iii@ 
159 k 216 San Fratvlro b y  not toxic-bl& 
188 f 197 ! h i  Francisso Bay leaclt coxic-amphipod 
199f 2(X5 San Frandm 5ay not toxic-amphlpod 
;120f 163 Snn Francisco Bay significantly toxic-amphipod 
222f13t, Southern California elgnMcant\y toxlc-amphipod 
224 i 2333 San Pranciaco Bay moderawly taxic-bivaivo 
x2ki BW-L 
228f 146 §an Fmndsco b y  modamrely toxicampldpodl 
233 k 208 San Frtpnd~co Bay eigntficently toxic-bivnlw 
2rlib) 95 percentile chroldc marine 1% 'rCX 
242 k 203 %in Francisco Bay highly toxic-amphipd 
2f39 Marin@ S K  @I% T W  
2% Win&r floundor liver-MPO hduct i~n  
297 k 263 Commczncment Bay lcart todc-oyatt r 
310 BDDA a c m l  
,W Wlntor flaundm "BWB1 tver-somatic candttion 
368 Morine SLX: @I% TUC 
%29 Wintcr floundm kfdnery-M1PO ir~duction 
475 5 160 S;m Franden, by highly todc-blvnlvc 
078 f %7 Cornmtaneomr?nt Bny leaet toxic-limphipod 
300 Mixtum~ bioasanys-amplupd 
530 San Friandeco Bay hsf-arnpili~md 
fisO Columblo Rivar hloaemyn-amphipod 
593 f 3G Commenmunt Bay mod@mtaly toxic-oyster 
597f 513 Cornmencamant Bay modmntoly toxic-mphlpd 
95Q hgle  Nwhr predictad LCSO-mphlfXIC1 
1 U ~ D  EP mari1u1 intorim crikria @I% TQC 
1'379 f 2546 Commencement hy highly toxic-nyaler 
1300 ER-M 
1390 EP ftashwattr intarirn crttwia @l% TQC 
Il 500 19% Pug& Sound AET-oyeeer 
1W 1986 Pupt Sound Am-Mlcmmxm 
2142 k 240.4 Eagle Harbor moderately toxic-amphipad 
W 3  1009 Eagle Hartwr lmst toxic-amph~ 

320 
s" 2838 .f: 4603 Cornmenc~mcnnt Bay highly to c-ornpldpuxi 

1986 P u p  Sound A&I'-hnthic 
3680 L O  spiked bioaem -amphi@ i r  1986 Puget %und A -amphipod 
54.00 1988 Pu@ Sound ARl'-oysrur 
6900 1988 Pug& Sound AETT-amphipcrdl 
14WD ER acute rrafe level @I% TOC 
33603 f 84430 Eagle Harbor highly toxlc-amphipd 
EibObld) EP chronic marine @4Z TOC 
I= LC50 2.5% EM.aMh Klver-+pot 
22OWW LC100 100% Elhbeth Rlver-apot 
41 W Lakc Union etgnificnntly toxic-amphipod 
2363200 LC30 56% Elizabeth River-sp 

No effect 
0 

w 

No effect 
No e m  
No effect 
No effect 
Small padlent 
e 

v 

10 pa~ccntlle 
§moll gradient 
Small ~ a d i o n t  
ti 

No cnncardancc 
No @ffea 

. D 

' % concentratione used to d ~ ~ e  ER-L and ER-M valueu. 



~ 1 i c ! ~ ~ - ~  Sediment effects data avdla;Blc for PYRBNB ar~mged, in ucmdlqg anla 
@ With ~xswk8c regarding u ~ e  of the concentxa.tlons t. determine YdL and BIdM V ~ O X B B ~  
fit I 

Kidney ME0 induction-winter flounder 
Southem'C&lifornia not toxlc-amphipd 
6an Francisco Bay least toxic-bivalve 
Liver MFQ induction-winter flounder 
Eagle h b o r  predicted  amph hi pod 
HIP-L 
Uvef mmtic condition-winter flounder 
PSDQA weenin level e;, ~mmmcement y least toxic-oyeter I 
Marine §LC @l% 7"CX 
Southern California significantly toxic-amphipod 
Marine SLC 691% TOC 
San Francisco Bay least toxic-am hipod P San Francisco Bay not toxic-biva ve 
San Francisco Bay moderately toxic-bivalve 
San r;lranciscc Bay not t o x i e a m p h i ~  
San Frmdsco Bay hlghl toxicam hi 
San Francisco m y  sipi I cantly tox PP c- ivalve 
BP 99 percentile chronic marine @ 1% TOC 
Commencement Bay moderately toxic--amphipadl 
San Fransleco Bey significantly toxic-am hipod 
Commencement Bay I w t  toxic-am hipot! 
Commoncement Bay moderately to x!' c-oyetw 
San Francisco Ba moderately toxic-amphipod L Commencement y hi$hly toxic-oy~bct 
Commencement Bay highly toxic--amphipod 
EP 95 percentile chronic marine @ 1% TOC 
9an Frandwo Bay highly toxic-bivalve 
BR-M 
Columsia FUvec bioaaaays--amphi d 
1986 Puget Sound AET-MicrotoxT t!?' 
San Prandsco Bay AET-amphipod 
1% Puget Sound AET-opter 
%n Frmcieco Bay ART-bivalve 
1986 Puget Sound ABT-mpMpod 
1986 Pug& Sound AET-benthic 
EP inbrim freslhwater criteria @ 1% 
1986 Fuget kund AEf-amphipod 
1988 h g e t  Sound MT-benthic 
La0 2.5% Elizabeth River-spot 
BP acute safe level 
EP chronic brine @ 4% TCX \ 

Lake Union significantly toxic-amphipod 
LC50 56% Elizabeth River-spot 
LC100 10% Elizabeth River-spot I 

No effect 
No effect * 
* 

No effect 
No effect * 
* 
It 

No affect 
No effect 
It 

No effect 
Small gradient 
Small gradient 
b 

N,o cowrdance 
Small gradient 
No effect 
0 

HI percentile! 
No effect * 
k 

Not definitive 
8 

.?28 concentrations u d  to dekpmine BR-L and ER-M values,. 



Table WSl, Bedbedt affect@ dab avaklable for t o l d  P&H arranged in rrc~ndlmg ader wieR wtmmrka 
w a d i n g  use of the concentrotfoas to determine BBPL andl BR-Rd waluus and tho mum%er of We 
PSHa tbk w m  quantjfid to determine the totab. 

~olpce&pdonr Biolopical Teat 
cp.pw 

Pug& Sound h a t  toxic-Mimtox~ 
San Etwdaco Bay AEir-bivaPve 
San Francisco Bay least toxk-bivalve 
Southern Califonria not toxic-am h i p i  
§an ~randeco ~a not toxic-bi J w 
Predicted LC50 $le Harbor-phipod 
San Frandeco by eaet bxic-amphi 
San ~rancieco Bay moderabely toxic- %" ivdve 
WL Prandeco Bay not toxic-amphlpod 
Commencement Bay least toxlc-vyster 
San Frmdeco Bay triad minimum bioeffeats 
&in Frandseo Bay signLAcantly towic-tamphipod 
Sari Frrandenr Bay moderately toxic-ampi$xxi 
BR-L 
San Francieco Bay ei nificantly toxic-bivalve 
~ u g e t  Sound nonto d c-mphigod 
San Francieeo Bay highly toxlc-amphi 
Commencement Bay least toxic-amp R" ipod 
Puget Sound moderately toxic-amphipod 
Commenoammt Bay moderately toxic-oyster 
Commencement Bay moderately touis-am hipod 
Southern Callfarnio significantly todc-srmp ipod 
Miseiseippi Sound not toxic-myeid 

R 
Miseieaippi h u n t  leaet toxic-myeid 
Maeeachusette Bay hlgh s p i e s  richness 
Sm Frandsco Bay trfad significant biodfecb 
Misaieaippl Sound leeat toxic-emphipod 
Petroleum plwluct spiked bioassay-oyster larvae 
Forth Estuary high melofauna dcneity 
Black Rwk H w h r  slgnlficantly toxihemphipd 

toxic-bivalvr 

San Frandsco Ba AEI'-amphipod 6 Commencement ay highly toxic-arnphipod 
Hampton Roads least toxic-sMm 
Miuissi pi S o d  not toxic-amP19' 
Lower 8' olumbb River bioassaye-amphipcpd 
Hudson-Raritan leaet toxic-nematode 
Miesireippi h u n d  significantly toxic-am hipod 
Masmchueetts Bay modeah tpeda rl$neas 
Maesachuaetts Bay low species richness 
BR-M 
Hampton Raade h3ghly toxic-ehrimp 
Mtseiesip %tmd significantly toxic-mysld 
Hudsoa~ & itmi hi hl toxic-nematode 
Mlseieeippi b u d  k8Ly torlc-tun hi R" PUB& Sound hfghly taxic-Microtox 
Mtseisslppi Sound moderately toxic-myrid 
Forth Estuary low meiofauna deneity 

No effect 
0 

No effect 
No effect 
No effect 
0 

NO effect 

No effect 
No effect 
0 

Small gradient 
Small gradient 
10 percentile 
0 

No effect 

No sm*lPient e ect 

w 

Small gradient 
0 

No effect 
No effect 
No effect 

No effect 
No effect 
No effect 

No concordanae 

Small gradient 
No concordance 
D 

0 

Not definitive * 
No &ect 
No affect 
No effect 
No effect 
No gradient * 

50 percentile 

unspeci Aed 
S b 

16 
18 
unspecified 
uns*Aed 
unspsciqed 
18 
unspecified 
unepaclfiod 
unepeai8tad 
20 
unepecified 
0. 

unswfiedl 
unspecified 
16 
16 
unqpedfied 
18 
16 
16 

unspdfled 
unspecified 
unspecified 
unepecffied 

16 
unspecified 
unspecified 
unepedfied 
unspecified 
unepkfied 
unspecified 



.M4wisyll hund AEI'-mysld bioaeeay 
8 ika! .6"" ~oeeeapwintclr flounder Uver It@Q 
d1~disui~~~i  Sound AFI'-ampNi M ~ u u g  
Ejpikerli bi-ye-winte noun er Uver condition 

biweaaye-winter flounder Mdnqy MI0 
25% BWbeth Riwr-spot sw 

LESO Bunker C oil e p h d  bioamy-amphipd 
56% rnoWty EI1zabet.h HUwr-epot 
10% fln meion B~~ Rlvmpot 
m m %  BHzaMRillrercepot 
LClOD 150% B W h  a i m p o t  

Mot definitive 
I# 

* 94 mn~~ntration~ used to determine BR-L and ERIWI valueo. 

" Lon and Buchman, 1B69,18 PAH ; Chapman d el., 1986,18 PAIM; Word et al, 1988,16 PAX; U. S. Navy, 
19&, 6 m 7 PAn 





AIAC 
A,BwJ 
Ma' 
APBB 
ABHI 
ABLR 
ABOB 
BBSD 
BBTB 
BBMB 
BPBP 
BIBL 
BBSM 
BBPC 
BIB1 
BBBE 
BHDI 
EIHDB 
BWHB 
BHBI 
BWFS 
BSBG 
BSSI 
BBRN 
BBAR 
BBGN 
eECL 

C A ~ H  
CFBI 
CKBP 
@W 
CHSF 
CBBI 
CBrn 
CBMB 
CBHP 
CBHG 
CBIB 
CBCC 
CBDP 
CBCI 
CBSP 
CBSR 
C S J  
CBTP 
CBCH 
CBW 
CBCR 
CCBH 
CCIC 
CCNB 
DBFE 

h o n  Met 
Anaheim Bay 
Apalachicole Bay 
Apalachicola Bay 
Arawas Bay 
A r a w a  Bay 
A4ehdalayon Bay 
Barataria Bay 
Barataria Bay 
Barateria Bay 
Barbera Point 
hmegat  Inlet 
Eellingham Bay 
Bisclayne Bay 
Block Islmd 
Bodega Ba 
~ B ~ o I ?  ~ a & r  
Boston Harbor 
Bostonr Harbar 
baton Harbor 
Brazoa River 
Breton Sound 
Breton Sound 
B u m d s  Bay 
Buzzauds Bay 
Buzzards Bay 
CailXau Lake - 
Calcaeieu Lake 
Celcasieu Eeke 
a p e  Ann 
Cape Fear 
Cedar Key 
Charleston Harbor 
Charleston Harbor 
Charlotte Harbor 
Charlotte mrbor 
Chesapeake Bay 
Chesapeake Bay 
Chesapeake Bay 
Chesapeake Bay 
Chesapeake Bay 
Chesapeake Bay 
Chincot. Ba Z Choclawatc Bay 
Choctawatchce Ekny 
Columbia River 
Commencement b y  
Coos Bay 
Coos Bay 
Copano Bay 
Corpue CMsti 
~ o ~ u S  C M S ~  
Corpus CMsd 
Delaware Bay 

Atlantic City 
Wegt Jetty 
Cat Point Bar 
m Bar 
Harbor Island 
Hang Reef 
oyster Bayou 
Rayou h in t  Denie 
Turtle Bay 
Middle Bank 
Barbera Point 
Bamegslt Light 
Squallcum Marina 
l)rlm&on C h d  

, BIoolr Island 
Bodega Bay Entrance 
Deer Island 
Dorchester Bay 
Hingham Bay 
Flreweter Ieland 
Ferrport Surfside 
Ba Gardem d e Ioland 
Round Hill 
Angelica Rock 
Coosebwy Neck 
Caillou Lake 
Lake Chariea 
Saint Johnri Island 
Gap Head 
Battery Island 
Black Point 
Fort Johnson 
Shutes Polly Island 
Bird Island 

" Mounta Mer n Point Bar 
Hackett Point Bar 
Mog Point 

' Ingram Bay 
Cape Charlee , 
Dandy Point 
Chincot. Met 
Shirk Point 
Off Ssnta Rose 
South Jetty 
Tahl uah Point A Coos ead 
Ruseell Point 
copmo Reef 
Boat Harbor 
Ingleside Cove 
Neuces Bay 
False Egg Island Point 

State 

New Jenr~oly 
California 
Florida 
Florlda 
Texas 
Texas 
Lauidanw 
h~lisiana 
Louilsiana 
Louisiana 
Hawaii 
New Jereqr 
Washington 
Florida 
Rhotie Island 
California 
Massachusetts 
Massachuaetb 
Massachusette 
Maesachusetts 
Textre 
Louisiana 
Louisiana 
Masaachuaett~ 
Massachuectts 
Massachusetts 
Louisiana 
Louisiana 
Louisiana 
Massachuactts 
Worth Carolina 
Florida 
South Carolina 
South CaroMm 
Florida 
Florida 
Maryland 
Maryland 
Maryland 
Virginia 
Virginia , 
Virginia 
Virginia 
Plorlda 
Florida 
o n  
Washing ton 
w n  
W n  
Texas 
Texas 
Texas 
Texas 
Delaware 



GBCR 
GBOB 
G W J  
HHKL 
HRP0 
HRUB 
HREB 
HMB J 
IBMJ 
IRSR 
JHW 
KAUI 
rJW 
LMSB 
MFH 
LBNO 
LBMP 
& l a  
LINM 

LIWU 
Wjpl 
U M R  
LIHH 
LITN 
M B J  
MBRM 
MBQI 
MBCB 
MBTP 
MBGP 
MBLR 
r n C B  
PASSP 
MBAR 
mTP 
MRPL 
MSPB 
MSBB 
MSK 
MBVB 
MBHI 
M B m  
MBSC 

Delaware Bay 
Delaware Bay 
Blliott Bay 
Espiritu Santo 
Bepfrlhu Sarnto . 

Eve lade@ 
l~wal P on ~ s t m d  
Gdve~ton Bay 
Galweston Bay 
Calveaton Bay 
Gdveston Bay 
Gdveeton Bay 
Gdveston Bay 
Gray'a Harbor 
Honolulu Iidm 
Hudeon/Raritata Bstaurary 
Hudmn/Mtan Betusnqr 
Hudson/Raritan IBahuy 
Humboldt BAY 
im rial Beach 
In tr ian River 
Joseph W h r  Bayou 
Kaual 
LB Jollip 
Lagma b d r q  
La aMadre 
X ~ o r ~ e  

t 

Borgne 
Inn8 Mend %rand 
Long bland S o d  
Long bland bundl  
Long Island S o d  
Long Island So& 
Long bland Sound 
bngblandsOuM1 
Iring laland s u r d  
b Island Sound 
Ma 3 na  el ~ e y  
Matagorda Bay 
M~tagorda Bay 
Matagorda b y  
Matregorda Bay 
Mabgorda Ekny 
Matagorda b y  
Matame Nver 
Menioonea Sound 

"% & M uite y 
Miss sippi River 
Missbeippi River 
Mississippi S o d  
Mlmbsippl Sound 
RHssisslg 1 So& 

&t Miwion y 
Mabile Bay 
Mobile Ba t; Monterey ay 

Ben Davis Point Shoal 
Kelly Island 
Pour-Mile Rock 
h t h  Paas ]IPeef: 
Bill Days Reef 
Paka Union Bay 
Bast Landing 
HBnnin Reef 
ship Chennel 
Yacht Club 

c o w .  Todd's %3 
Ofdate Bayou 
WestprPrt Jetty 
k h i  Lagoon 
Jamaica Bay 
Uppa b y  
Lower, Bay 
Jetty 
North je 
Weatian%ver 
Joseph Harbor Bay 
Nawiliwili Xaabor 
Point La Jolla 
South b y  
Port Isabell 
New Chleam 
Malhcurew Point 
Cornticut River 
New Haven 
Housatonfc Wver 
Sheffield Island Hunbir Harbor Port J emn 
Ilbmaroneck 
Hempstead Harbr  
Throgs Neek 
South Jetty 
East Mata orda 
Dog IsIan d 
Carancahua Bay 
Tree Palacios Bay 

Ga'linlPF Lavaca ver Point Mouth 
Cresent Beach 
Staves Point 
A y e s  Point 
Tiger Ptsee 
Pam a Loutre 
Pascagoula Bay 
Blloxl Bay 
Paas Christian 
Ventura Brid 
Hollingere I B? and Channel 
Cedar Point Reef + 

Point Santa Cruz 

State 

Delaware 
Deltaware 
Washington 
Texm 
Texas 
Florida 
California 
Texas 
Tern 
Texas 
Texas 
Texas 
Texas 
Washington 
Hawaii 
New York 
New York 
New Yorkl 
Califormiia 
Califarnia 
Florida 
Louisiana 
Hawaii 
California 
Texas 
Texas 
Loublana 
Louidam 
Connecticut 
Co-P 
Conncctlrut 
Connectimt 
New York 
New York 
New York 
New York 
New York 
Callbornfa 
Texas 
Texas 
Texas 
Texas 
Texas 
Tern 
Florida 
Maine 
Texas 
Louisiana 
Loufeiana 
Mlsdesippl 
Ml~si~eippi 
Mleelasippi 
California 
Alabama 
Alabama 
California 



Code 

MBTH 
NYLB 
NYSH 
NYSR 
PJBPJE) 
NQDU 
NBDI 
NBtW J 
NAA[ML, 
OEIW 
OSBJ 
P@LP 
PVaP 
PSWB 
XMP 
PBSI 
PBPI 
PBPH 
BBIB 
w c  
PALW 
FCPc 
PDK 
Pam 
PEW 
F W R  
SBSB 
SGS6 
QIUE 
RSJC 
RBHC 

SSBI 
SLBB 
SHFP 
SAMP 
SAPP 
saw1 
SFDB 
GPSM 
SPHM 
SLSL 
SANM 
SPIT 
SPSP 
SSSS 
scm 
SSSI 
SRTI 
BIWP 
SAWB 
sy CB 
SRWP 
TIIMK 
TBCB 

EAodAas h y  
Netw York Bight , 
Itmitan Bsl 
New York 5 ight 
Naplea 'Bay 
N m g a m t t  Bay 
Narragansett Bay 

"@TO* Nor Miami "" 
Oakland Bstmsy 
Oceanside 
Padfic Grove 
Palm Vexdm 
PamMco§Oundl 
Panama City 
I P m o ~ t  Bay 
F ~ o ~ t  h y  
Pensawla Bey 
Pensamla Bay 
Port Valdez 
Point rBrem 
Point Conception 
Point Delgada 
Point hune 
Point Lome 
Point Roberts 
Podnt Santa Barbara 
Pbnnt Wnt George 
Q"TInlE5t 
Rolano Sound 
Rookery Ba K South Cata inta Island 
buth Juan de Fuca 
Sauth Rapt S O d  
Sabine Lake 
Salem Harbor 
San Antonio Bay 
San Antonio b y  
h Mego Bay 
stin aandeco Bary 
San Rancirtco Bay 
-Sari Frandsco &a 
9nn LulsObia ky 
San Miguel IS P" surd 
!3an Pedro Harbor 
! an Francisco Bay 
Sam Sheon Point 
%nta Cruz Island 
hpelo Sound 
bvamah River Betarinry 
Sindair Inlet 
Saint Andrew Bay 
Sint  Johns River 
Suwmee River 
Tampa Bay 
Tarnpe Bay 

'hathill Point 
Lb Bran& 

Hook Bay 
Shar l River I 

IPU\erHwhr 
Beach Jetty 
bvere Point 
h y d  Pdms State Park 
wP"chh3 Bay 
Municipal PieP 
Seam Island 
Pfherl bland 

I 

Public Zbor 

Mineral eek Flats Indian &27" 
Lighthouse 
Paint Conception 
Shelter Cove 
Point Dume 
Lighthouee 
Polnt Ruberta 
FointSonte Barbara 
Point Saint George 

Hendenton Cheek 
Bird Rock 
Cape Plattery 
Budd Inlet 
Nue Buck Point 
Folger Point 

Pan er Point Reef 
Marbof Island 
DumlbarbDn Dr. 
9an Matea Bridge - 
Emeryville 
Point !&an Luis 
Tyler Bight 
Fishing Pier 
San Pablo Bay 
SEW Sineon Point 
Fraser Point 
Sa lo Island 
TyG? lsknd 
Waterman Point 

Weet ipee 

Mullet Key Bayou 
Cockroach Bay 

New 'Cdork 
New J - y  
New Jw 
Mew Jv 
Florida 
'Rhode bland 
Rhoda! bland 
California 
Florida 
California 
California 
California 
California 
North Carolina 
Florlda 
Maine 
Maine 
Flotida 
Florida 
Alaska 
California 
California 
California 
ChHfornia 
California 
Washington 
California 
California 
Virginia 
North Carolina 
Florida 
California 
Washington 
Washington 
Texas 
Massachusetts 
Texas 
Texas 
Californie 
Cslifornia 
California 
California 
Callfornia 
California 
California 
California 
California 
California 
Georgia 
Georgia 
Washington 
Florida 
Florida 
Florida 
Florida 
Florida 



Code 

TBHB 
TBPB 
TEKn 
TBLB 
TBNP 
TBSR 
UlSB 
VBSP 
WIPP 
YBOP 
YHSS 
W Y H  

APA 
BAR 
BOD 
BOS 
BUZ 
CAS 
CCB 
CMS 
CsOL 
COha 
COO 
DAN 
DBL 
ELE 
ELL 
END 
FRB 
GAL 
GRB 
HER 
NMB 
HUN 
LCB 
L.LM 
LNB m 
LUT 
MAC 
MCB 
MER 
MOB 
MON 
MRD 
NAH 
WAR 
NIS 
OAK 

Tampa Bay 
Tamp Bay 
Tampa Bay 
TfnrekwwEQay 
TiIlarmmk Bay 
Tomales Ba 
Umkwit In r et 
V ~ i l l i l o n  Bay 
Wlhldbey bland 
Yaquins Bay 
Yaquinsl Bay 
Vaquina Haad 

Willls$om* Bay 
Papys &yola 
Oid Tampa Bay 
Lake Barn 
Wobmnfle Point 

Posseselon PafnO 
(heat% Point 
Sally'e Slough 
Yaqutna Head 

Apalachicola Bay 
Barataria Bay 

Boston B o d e g B L Z r  
Buzzards feay 
Cpmo 88 
Corpus &etl Bay 
Charleatan Hwbr 
Colunnbisk River 
0-t Bay 
Coos Bay 
D m  Point 
Delaware Bay 
Iang M a d  %und 
Elliott Bay 
lymrcihoe BrPy 
Frenchmm Bay 
Galveston Bay 
Great Bay 
Heron Bay 
Wumbaldt Bay 
Huntem Point 
Lower Chesapeake Bay 
Lower Ia&una &dre 
Long Beach 
Charlotte Harbor 
Lutak Inlet 
Maehias Bey 
Middle Chesapeake Bay 
MePrimack; FUves 

Y.9 Monterey y 
Mississl pt Delta b I'dahku ay 
Narragansett Bay 
Ni ually Reach 3 Oa and Estuary 

Florida 
Florida 
Florida 
LOuLil~nsl 
Onrpgon 
Calif0pni~ 
Alaska 
Louisiana 
Waehington - 
m n  
QwJn 

S tats 

Florida 
Loui J a m  
California 
Matlsarshuse tts 
Massachusetts 
Maine 
Texas 
South Carolina 
0I.Cgon 
Wmhlngton - 
California 
Delaware 
C o m c u t  
Wmhlngton 
Alaska 
Maine 
Texas 
New Jersey 
Mieuiesippl 
California 
California 
Virginia 
Texae 
California 
Plarida 
Alaeka 
Maine 
Virginia 
Massachusetts 
Alabam 
California 
Louisiana 
Alaeka 
Rhode Island 
Washington 
California 



Code 

8 L I  
SAB 
P;AM 
PEN 
PNB 
RAR 
ROU 
SAB 
SAL 
SAP 
SDA 
SDF 
S§A 
SHS 
SJR 
SMB 
SPB 
SPC 
TAM 
UCB 
W LI 

Location 

Oliktok Point 
%in Peblo Boy 
P d w  9 0 ~  
Pensamla Bay 
P e n o h t  Bay 
knitan Bay 
 roo^ IBW 
San Antonio Bay 
Salem Harbor 
Sapelo Island 
San CHep Harbor 
San Diego Bay 
Seal Beach 
Southhampton 9hoal 
Saint Johns River 
Santa MonPoa Bay 
$an Pedro Bay 
San Pedro Canyon 
Tmpa Bay 
U per Cheeapeake Bay 

Long l s h d  Sound 

State 

Alaska 
California 
North Ctnmlim 
Rorida 
Maine 
New Jemy 
Miesil~eippl 
Texas 
Masaachuwttm 

Call ornia 
California 
California ' 
California 
Florida 
California 
California 
California 
Florida 
Maryland 
New York 


