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74 ' .1_RECONNAISSANCESURVEY-OF, THE LOWR COLUMBIRIVER ;
~~ TASK I INITIAL DATA REVIEW AND)SYNTHESIS 8f .

PROBLEM AREA AND DATAGAP-IDENTIFICATION RANKING FRAMEWORK -

4~ ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~' , I -4 ->tA,,

4- ~ ~ ~ ~ > - .' 4 .flJ; ; t,

1.0 , IN RODUCTION4 ,

$ _ _ t . > i A * g _S 4 r x _ 2~~~-44. 

The urpose of- Task I (Inital A Data RevIewEa ofAD theYN 'RecSInaSsance Survey of-

'the' iow'er Columbia River 'is to, compile, summianzie, ,and synthesize existing, data on water.'

sediments, and bibta in teriver to provide4a preliminary, characterization of' the overall health, 

of the lower rVger. Evaluation, of information on the 'extent of contamination rin various; 

thmedia, measured adverse environmental~effects,'and potential threats to puolic~health w~ill Iform 

'- the basis for; indicating the water-quality'in the lower Columbia River.t This information w~ill

also' be -used to identif y po~tential problem areas and; data gaps that nee& to, be'considered ineJ

the design of the reconnaissanlce survey +,t\<tk 

eIn order, to identlify' and prioritize ipotential, problem, areas wand data',gaps, specif ic screening

>/ crliteria are needed t'o~clissify',mpacte'dra'eas within~the lower river', s'stem.' This document 

provides a framework to integrate and evaluateS complex scientif ic. inf ormation in, a form tWat'

willl reslulton clear delineatio'nof potential problem arias and dataagapssanddissased onothoseose-

8*~developed Ifor urban, emnbayments in Puget Sound, (Tetra Tiech, 1984; -1986;5>,1988a , 1 988 b),

Whereas the goal of the +action-level criteria developed' for~the -PugetvSound-Estuaiy Program 

(PSEP) Toxic 'Action Plans-)was to identif i.characterize" a'ndrem'ediate toxic problem areas'-
\ i , J 2 . I y; ,0 J , I I 2 - / 

the goal of the fraimework->developed for jthe Bi-State Programi islto, characte'rize existing,water i

- ,quality *conditions tin the river- and, help select samipling locations for the limited resourcesr 

available for ithe reconnaissance survey"(Task ,6) X Therefore,, no 'action^-levels',willl be es- 

tab~lshed i' this framework, instead only the rankiig, based oh 'the-magnitude of differencet,, r
's ill r be' used to identify, potential problmN arcas.S n

raniing framnework include -1) a review of aviailabI6 data,~ 2j an'aljscs-'of xspatial, and Stemporal

trends of water column'iqu'ality",rticro~bialconta~mination, sedimcnt cosltarnination, bioltogical CQ^

community effects, 3) a ranking of vpote-ntial problem areas, and 4) identification of data gaps. ' 

2 / s!i , r r4 \ SkS9t ,¢n - A- I 

The~prelimnaryframework uses a -suitef indices to initially , p r 2

hareas (Figure 1). The mag1nit'ude ofRaiproblem is establish)d, by comparing contaminrant andf

U effects jndice~s- w upor refprence condctions (in therzabsencetof vestablisheda
otegulations The geographical distonbution f andrnumbe 'efxindites exceeding screening crateria

7 th - - Cimi i>r Thi infrmatin ,&1l u. 

Udi ,o iniatn th water"'qualit'4in the lowe
> ~~ use td idntf poena ", N . K ,z. , 
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provde addit)onal evidencebofimpacts to an area ,Of the- river. )The' framework also allows

i~dentif icatlon~ of data- gaps, for each,category where little o)r no'data are'present. 

known, the framework includes evaluation 'Procedures for categories, where, lit9e or no data 

2. addition~~~r1bal ovid nta on, biossay

expst e g o, mionces a, bloiactshtng procedurerv that addresso alwide
-dnie of data typesi thes g procedures can be applwed conslstently and apreoprnately o th data

obtafnedr -Exwstkngelnforpdaton on the dstribuitong of problem areas or subsequently identified

o bdata gaps will e incorporated cntouse n of tha rvacoinaissancet 'survey sampling pyan 

kw(Task 6) However, nthls framework islalso in tended to 1) provide ah prelimlnarye foramnwork ,dt

eifor (ncorporatong addltiona oas n collected -in the recNnnaissancesurvey (Task 6) 2)

. Srefine potential problemsare p idedufr cation, and 3) chespitset priorities for futurei studhes

(Task 7), .>,<,st8 

, , t <s . ) , \ ~~~ F'-4 _ / - S 

k2.0 'PROBLEM ARIEA AN\D D)ATA GAP IDENTIFICATION FRAMEWORK ^Y4>-+s}

.. In ordert6 Echaracterize contaminant distribute tns In the lowver Columbia River and evaluate* 

theaecologd cat and human healt sogniftcance ofhthose distri rbutions, existing envoronmental dataified

willl'be comparied to specific screening -criteria to- define potential water quality problem-areasz

Potentwal problem areis rAll bedefrito ein of byngthe fJollowing questons

a gs What ar the co tetamt.ants-of concern? ampling plan

~~~~~~~~~~~~- - . . - , ,c' .2 r -

(Task 6) HoweveW hat m edia (sediment wa ter, bota) are contaminated? 

^ -for .Is thereevidence of, adverse ecological impacts?

incoporaiig'addtion\alninturdaton colletamdnaion thereconisnesre (ak)2

po lDoes indentfitiont a threat to, environmentalor

eine pro mahuan health9p 4 se fo ftur tui

( > - > ' ) Can proximate tcon~taminaint sources be, identrified?_ r , v

Answering these 4uestions, require's the development of a-daitatase' with sufficient information, .

sto define'tbe spatial distribution of environmenta~l contaminantn bogical effects Lack & 6

of iiiformation, will be flagged, ( a's'a-zdata gi -aldH will bev addressed tin the design "of the 2

reconnaissance survey, where possible.,- ai~ /t 

"C. N / o i X s t z { < \ S { z/ o

(Task ,).~ - ' 1 I ~- ~ - } t l z ( N v > ;SKwX I ; X

_ s z < K > al ^ / k f s 8S i ) V X s ; ~~~~~~~~~~~ e _ r<
i~~~~~~~~ ~ ~~~~~~~~~~~~~~~~ f' , 

'44 { 4 *9 '_ z- ^ 

r s ~ ~~~ \ > 6 J t / _ S ~~~~~~~~ Q N t t > r \ 9 \ ; +~~~~~~~4' , f



3.0 SELECTION OFINDICAT S

4 A ('Kr t' ''J"g'/r Nr 4 '""nc ,s 

gN vsA <nclude boh sndcators of-gexposre and indicatois of, effcs.\- ' < ; i, f

-LndiatorN o AAExhos' C- At,

t @; W t< < t ~~Cbt r' > ~a'minant~colce'ntiatio~n i Ui2t)f>f-p t<1So v1 

- + > 1 1 U. M 2-! \Geophysif~al characteristlcs ie. g.,Mgrain-size) , e e;g 98/

> 1 A ALt.A A- '' 'Iq$+49 2' ANi f' ,Conventionalsedimenttchemst g, TOC), - , A '

; z - < r j ¢ + < , n sp 4 * < t g ffi e e SX ,r > r k ^ ; 1E>5 1 g <;1 $ iB i v) > kj h t ¢ C/ - p ~ A"A j r <.' K' 'A 'A

<'A'v 'lContaminant con>entrations 1 * ' 1 , f

_-t <,1 5f18 __ ie)e\2 \1 Cnfventonall chemtistry (eyg,, DOpec) ppJvv/\_eW_ z>

;2J~~i A Pathbgen-aunda'nee 'gA-2 IecAlcolforn)' 4 A Lr ' ' A

A-'issue > rA 'A K A, if t> j 4C

<41_g 30 S C OF. I> ;e 2 n t f CntamTaORS concentrations& g., ''ish, invertebraiel ' A) >

< >1 gt-< ~rz ><tr S> sFisholivert enzyme activitj (i.e;, cyfdchriome P45 aknd EROD), 

''A o 'A" N A-A- ""''¼tor of Nfe t 4''ij Ste\ \ S 1>|l zHnJC< ,, E|l^>t - -.,

E 'K - -, 'e it >fipot fNx4 > 5 f ' i'~ rimr A ' (A / K \A1; ) / JS - Ctwf 

Lad- a a-tor cc] §E f O w * 1E iformtio tha ci bididtiifiatzon

>> t 95 h~~~~~~~~rtf' existS~ it<S dmng n f let txctyiebosa\ A Af~ 'vfrpo em\ area2 9 ,J, C

'AN 'I '''A ( A~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~A

A %, ) f 'gnclthougd/ both indicatorllsZ y oepoue( C MuMEy ortong eg, and indcaor of effects mevaua of part--'A,

' vof .Task , 1, (based aon acceptability, or. availabilityt; of data), those, listed ifoir the basis of 

st 1iH ^problem ,area-y. &f'ti fication Band Arainkiang.s;6 Th ^final selection of variables, usd ,6idn

< -iv' ># problem 'arias willbi Ibased'on review '9, fD'h~xsi8dtadeemnt ofaport 

ANA-AAt Ess,A -> N _ , ' ) A-''. gA "tA~ ; ', 

>;t~~~vosu2)ss'A A ; Al IA- fl"''A\ F o
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S -electn of thIe dators jb ,on h _owIn' s d r;ti' s: 

. 5 r 1 z- , tidse ofcth6 lindicito'r in past or ongoing studie 'in the Columnbia River; 

4 '- _ *- ¾ x ' , , >9 o - , , 71>t 

i Documented'sensitivdt ofteresponsc indicator Wocontaminant effects a 

_' u AAbilaq to quantify the indicator within resource and1time constraints of _6- V

'4 - 4-', t r g am 5 'A>'- ' ' - / - 4 V.'

Contaminant levels Fin sedlrmcnt -t--water', an~d fissue, will help establish ex~posure of taquatic 

organisms and, humans, to 'contaminants. For exarnple, ifeasuremente of bioaccu'mulation in f ish;
provides} the followinghdi' a d o t f lo-' considerations:

>~~~~~~ _ , -- - -> / K ' < 4. -u> 

1 ofgva vthA measure of the bioavailabl'tyof, sedimentxor water contamKna'nts ' 

'1 x* 4'i, _ - *2tnt 

A measure of the potentialcthreat o huiman healthsresulting from ingestson of _T K '

~~ . X X 2 contaminatet seiafood ri<1ttt tt\J 

- 7 t >>Potential establishrmentJ ofran important"' link betweenh bioaccumulkion and

s | , ~Respons~e indieaoios, 'inclutdingk benthic macroinvertebrate community structuret f isi liver,,
enzyme activity, and sediment toxicity'shae been: selected to chtaractejrize'several imprt in p

~~ '¾ 9v - A

rkinas lof --potential biological effects, For -example,, ben-thic, macroinvertebrate-coimmunity 
- > ts~tructure has- been" selece beasof ilts sensitivitysto's'edim'ent contaminants, importance in- 

- s Af loc~~~~~~~~~~~~~~~~~~~~~a14trophic relationships, and-ability'-6 establish site-specif ic "responses gradients~rltv o ,b>

sediment contamination.- Although astudy'-of eiffecis on fish populations is beyond th'e scope2 

' of the currEntpro~ect, a study of responses in'' individuil-fish may-be possible trough an,

*-'A assessment, of the prevalence of liver enzyme activity. \Acute' toxicity of sediments, may' be ' 
nI detected through- bioassays and te s e' re s popns ,may as btsdt' sals iesell 

Containan levls ~' - sdimcthwte n tisewllo hel uedtob"s epstalihrie-of equaic

, rt, 1) response, gradients 4 ' v / * \ > i f r r 45 > '!i % _ { _ -

, t- ½' 't9( 1;j* --. 

t * -4.0 -DEVELOPMENT OF, SCREENING LEVELS , , h-- _ -- t_

ogThe identifs catdonsof potentam problemFoareas, wmip le, based on the oeceiancm ofua ton inrus .

\~~~~~~~~~ S ½, , A A *- l 6s'-' Z w N ; S 

pscreenitng level for a contAminantof, concern' m i 6iological response -variable. tThe deelop I

-r 9., '' 4 C /~~ 'Fig 'hso -5

& at t*ment of scmeeni eve of thespten t on 'heaure 2 and involvth evalutinon of ical .dat

-, A- ' t t - ^~~ I e 

I - 9'~~~~~~~~~~~

:bnhumcrivrtbat orn;y i;uu~ tih ie
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' ; \ (1980 -to 2-1990), 'identification of c6ontiminants of' concern, Jcfiaracterization' of > reference'

; r- conditionsusing-contfaminant and'effects indices, and comparison'of site contamination levels,
s~~~~~~~ ferec -cna t le, l

with regulatory criteria or feferenceaconraminant levels. AsMdiscussed aboie, the preliminary-y

screening levels 1developed here will' be refined 'in Task' T7by incorporating data collected.
during the proposed rcconnaissance -survey as weln as- other on-going monitoring programs (as'

9 p ~ ~ ~ ~ ~ ~~~~~~ the& information biecomes availabfl6) s<~i>g 

4.1 Contaminantsrof Concern', - - - I 'A / , - A C -rt

" \ All recent contaminant data 'from acceptedvstudies' will be summarized land' contaminants of

K i { concern Zwill be selected based onlthe foilowing criteria: -

C ;' - / A}4 A -> A -

** X \ Widespiradi-ditribuiion \ r - -.
f - ) ) 1 | I Locally elevated concentration- q' A A 'r A

' * s~ wJ Highihaiard to eith&r biota or t umn health % A A - A

.A preliminary listCof, chemical contaminants of concernt-for the lower Columbia? River studies' 

is given in Table, 1 TheprelixiIinary lisi ispcomposed of the U.S. EPA utants, plus -A

other chemicals considered? to have local significance in ,the lower Columbia' River (e g , A

dioxins, 'f urans and -radionuclides). -fSeveral conventional water indtsedimeMt qualify' variables

have also' been inclu'ded to facilitate comparison between areas with different bulk chemical orA
A' * C., - -'1 CA A. 5~ .. _. '2,.' -

physical .p'roperties. Selection of contaminants xof -concern for the purpose of uIitial 'problem

area identification will be based on availableihistorical data.- ' -. , t A

j~ ~ N , '_I , - - A - AC I-~ A , C' - 'A . "

. ' / f -'-4.2 Selection of Ref'erence Condltions~ A A ,' A ' A - A

All historical data'`uged to characterize the loWeTolumbia River willobe evaluated forAuse in

* < . representing reference area conditions'and~developing screening levels for both exposure dnd

effects indicators zCandidate reference sites'will incliide- those'thit haveeen 1) identifted as

such inexisting studies, -2) have few contaminants of concern detected in' water,isediment;,,or A A

' tissue collected from that area,Jandt3) have little' indication of -biological effects. If adequate '

A\ , - 'AIf "I'-A 1

data are available, reference conditions will'-be characterized-for each tiiedium, (water, sedi-

ment, and tissue) and each response1 index (e.g.' macroinveitebrate abundance and diversity, -

Ksediment or 'effluent toxicity3.') In additio~n' contaminant 'level 'will be stratified by river. -
& P k X I / Q W7 >2 ~~~~~~~~~~~~~~,- I A L t_>

1
A. '

segment (as, defined in Task -3), graini size and total organic carbon\content' (sediments),, and A

lipid content-(tissues). ' -A 7 A - A - A --r+ r
-" A - A A. A, ( .A. 44 f4 __t-_A t\ ,

As a first step, the. -distribution of contaminanta dbincentrations'In each mediun 'will' be A

examined for- alit accepted studies',. and sfrhlfued as des-cribed-above. Data representing the 4

least doitaminated sites (i.e., the lowest'20 percent) will be, used -to establish the reference A

> >, v r , , I , x s k s q- -, A , A LA*A N A - . A

I' 'N x 'B , 7 .>

Al~~ ~ ~ ~~~~ ~ J C- 4 A A A A >- N '(~ fl

ff ~~A, A 2i{ y<i~~\' (A ¢' A N' _- 

- j A A "A 
4

A~~

-' AA A 4 - A I- ' 

- A '~~~~~~~~~~~



rf 1t tfl Qerl¢>{ rTA'B1LEA., PRELIMINAR;Y~iL!S~,-OFIPRIORITYPOLL~UTANTS t)

e WK; s i > \os \ OTER ELETEDCONTiA% --, 4ANTS,-lAND iCONVFT1ONAL. ;
> qC n/>2L ~t el $r s# ,ARIABLE&>FOR P R OL ;ENTIFICATIO9<(ae1 f -< 

a_%rY ~r,, $dw> rR> xerylfiumt .' ,4l Cadmium c
kr , .,.ff ki ^.,Chromumin ,tt - *1d _ Copper ^>i t ,.''
//,' < /orl' 51- -Mercury, 'i ;r¢ ~ Nicke~l ~ %82 

L E 0 0 0 ( i Lead An i e nt ; Q

~~~~~, t<p, , ,V^ ~tyeeCiordj l <m ' l 1t ihoothyene '> 7;e 

] ~ 4 i 1 _i Ji 9 1Vin1 trhforide"hane hi-' b > thirb~ifZetrcird 
t2>Xvtl~~~ ~~~~ >¢\JtS*'2Fr, Srmdchlormeid~ve 5 tl'' t 1,1-'Dichkloiropthopne,' II

s~t t++I;- 2z&S, h rt _1,traoichl3-oethaverpne ,,«n 'Diccooehyloroe thyl 'e
Ytt^\+ ~~~~17Te;;i _0 iFchlorodibrmthane f 4 v ( ,X lo' r)-i-1i12Ticidoethv 

roBnioih'raethne. -^z t i*;_ 2.st1,'k fc413Dicfiloro propael )

ti<< ~>vJ t; 5 i,>Ju~rmotrans',3-Diefjioirop 't %> l'i ope ne it ',Trichlo2-Tethycloretine r/>

v t &> 12 f t V Terachlb'odro'mrethyiac 4 1 t Toune ; , el ri / +

AN~~ld -,C i 5 (cfWoHn-lorobenze'nq ,1 t Et~hyilbonene d4,l 

o t dr<, ' >Acid -Extractable Oigancs. '(Senilvolatiles)< -, XS \,,t eM 

WC [}~~~~~. s/ <Phco l k !s ,ve A n 'l .24Chlo0op~henoi>4^e' i */A
taS t V) Jss atvZ~'27Nitrophenol W- 9 +ct2,Y4.Dimethylphenol 

~~~~~~~2,4inI '- ' a 24Dichlorophenol B, aS -4-xl- 2ett 1Chloro-3-metshylphehol ' 
(> 4 ~l ~s d iF~i .nF o 2s(26 Trich1orophqnol6 l .hX\; ,J2hf S9+,Diatonl+f,7/

e \ e ! 4tblirophnol \E \K Nr\ H 1 A% X i;;f at4,16-Dinitro-2-niethylphenol > 
s N; 71'9 L>'* r I t i~~~~cntichlorephenola /X?' / .Y' f /1l<1/ wn S p R < > , Ioropheno

j \n, s i ;J~r B as e'/Ne u t ias (sjimlvolatlles )^mA l4', p; t Ste 

W \ > o~s FS j4>W/rbis(2 Chlotoothyl)Ether , - 9 wl "A''.3, ;i l3Dichlbrobi~niene f e 
4k5\ It S /+14-Dic lrobeize \ 4tlq ,11,2-WDiho~robenzene'up , ,;,

t1 ,,1l ~i tflt *s }bis( Z Chloroisopropyl)Ether"',)- NF w -kitrowiodi-9n-propylaimineI
¢/14~~~~_l JI +J f~4~22<sophorone -,>4k%8u tiXtD# ba2lrtoxlMtne

s t ~~~~~1 ti% >1 2;4:Trichlorobenze~v f' ~ XNpahdne 8~/(tts5i~ 

> >; ^ <- h; , .Hexachlorobutidiene , >- Yla r4 t Hz D lorclpen tte¢ 0
~~~~~~2-tt~,' w vr %2hloriina'phtbale'nef~ ¢E¢/<k> , N inethylphthallate X, -

S > +>>,5~e~lt > ^Acenaplithylene ',g g^ T't Acenaphthene ,- '. -
1/ >>1 resj P > ,<|K4-13iiitrotoluinr, "-4X ~~~lt'< 6-Dinsitroialuene -. ,

5 ' J W 4 > 2 4 r < < < -i % S t z ' W ' t f H tq 5 8 z E S X R > j E F d t + , f~~~

^ _ j:, \ / ' L ' ' ) trr ; , ' ss , r i A . f, a ' >



- I ,' "'N'' 4 > - ~~ ~~~~~ ~~~~~~~~~~J - K 

- -' - -~~~~~~~~~~~~~~~~~~~~~

'TBL . RLIIAR IS'F RORT'PLUTNS\,

N-"K

r K- Bae/ etrls -' >af4s)T(cinfu~d

Phtnahthrene,~~~~~'-4 Auhic
"4 , ,,~-~yen Au -. en4' - ta"

3,-- c -oo '4'die BczN"A tra?'
Base/Neutra8 (s exiivo hthaes) -,Cchnlnud) i"4 7' A -

Diethoctyvh'thalate KBnobFurnhn
'4 p. , ra BnzNiroadphenylmne 

Phaitrn/-' 'Atreze 3UaopbefloyI-ptenyerhr - ",-Hxc~rbn~c 

1 yrene(1,.3 c)P'Buty ibenzylp~h)thralaie x

Bcnzo~~~~~~~g~44hjBczPerPyeny,7' 2i.e

Chlordane 4,4'DDD,,~~~~~~~~~~~ 4
4,4'DDE'~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~4 4,444,f

rDelri EndoN s-u'fa]n
En'drin Endrin'alde 'yde

Hiptachlor~~~~~~~ T2' xiphene

Other Contaminants r~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -
) .2 Pesticides tu -:Fu- ., *au-s 4KK 4

Wadionu , c- 4-',i\ 4s.

Seduime ntarin - Size.', 

-adi ' 74 nrnadhd',
cpaho4' o1hn

. fK -- -- 4 ' - -

td -/ "'' 9



' ' *a n g: of: zis~~~~~~~~~~~~~~~~-ca 2 n t r ^ ba A- X s s ids:tboAl 1Cudh1t"srp

'mf 9 Il ill daa-A. A~w~e~ Atlsilkl Khtjfeec 'IAue I'o~ilgiatfet wil-edvloeW>\

ri7,7 ngTe:,freuech dicsatribuiceonsA, ofeoidstp beacSa effectsynewilR tbaed Ths dareasfo*iteitbrcpresen--]

'-t'ht 7~ t n' tW, >7fe vlowest lindchinistiy vleast wirnac b'.e iamine'd tost "diseeif'ty aai a nrbornc valu' )h11istiy f
t~~~~~ -s'Howse o~ evreiset, eferen1cely ckihaio reernc lalues :sfor ificint ,t,< re ferecet ale willb be <e A ed

1 > R J inde4ekdefilyto OfI,,Ccrtaminandt beecaus dfh lac of 2 -si~,66A data$ for.'a' d t An

^\>>~~hi cag a simixstn rglatry appoa' td'cri beild"bf used sedimentngleve'lml5 bo~te lweor' Columbia itc r tC 

)5 at it t'ThRecfrequesncy, dstribu ea tonsh puros of cpteobetslnx arl~etabulntfated-,Tose andrears ithPiStatecal".

t~i;:l I fefImthe Vabues 'ndce aio n thu~er leasterimpl, scregeningtrvatest dvri , an~ervd'afuotithe saubset ofl be'-'a, 
\<waX~~~~~~~e w-J~ sletdt er~~reference condiio G,,~ivn suficireent' atia,' efe'rencevau fo aha <'

~~~~se to re ; otmxatO ocrn ditons ecmdim wlbealcultdLTesm poess will bapled
* ^ t ,, d~v tlopi giteffcsind-sforeac habitat' type,-,esaeth 

t2^rt J; ^ C dstbutn Repeseentaive Leve s!po iiesxoueo evpneidx ]b eeoe

@^nx '¢5 Existin dlctregux a ptotry cfitcra ,.wil 'wh be 'used aisry scrteriaexnin (Je~vd.,5fwrt'hert liower Colimitci a' -River'
I IP , k , f w v i t t. -\ , -, r,, I -- rT , ,> - " I

s /J4e a I \ wat e i q dal *'t'' asi'the sfre A' 1o s i A' St

_ { t 1' A4'tA somjof the ,vriables ealuateginTask 1P), clcratv zcrenin levls arfpoosd orth
i>< 8 $ ffase> of .simentr rotarina w'il,'t te 'use' gon ottnSdietttamiadsnants-meaused asn

'gX ,//> ,rsscrewinate el Whr witacquaityioritiiia , bmy' twpaeed site s~orun bet ruge.<satsad' idisera r

-21'~ ~~~~~~~h moref (FA lisfrhm coismto toeAouaever'"relawil b th sedtto (uablheat Seimnt. ,
,, W > 11'criteffluen disagree,' data vaytivbef Oeprd o US.Eniosnal ietonAec

> t(ZSEA~eerncitolan atIn- the absence of 'nmric fieracrening values"4l. bederved frm the Sue of dit

V J' -4, 96 <ecied-1to repre7sent'reerenc codiio ,, A, snge, rersnttv,j feien , value'for each

r .intan imant (of, P" colziceriyn',in each medium, will "be calculated The samer fl I be( r ) A \> k '|

*~ ~ ~ ~~~~~~~N / .A4WA,', f , r6 (,S^

rn Vofchemffects dt fordit fo each hbt' type ,represen te I ,,, d

tiing the aoweragt Vachenlsmay valuesrowil ben eaminraed toe seet if he ofrroborate vahes-hecaiser" 
A. -r ~ envioata Howeaafe ten hvsaisti/A ditriu for sta7<dvit frmnra ArGt~sa

it ieseikelyv that regferencienvaluesrbiologicakns-effets will be' developed'. 

'( A r' ''A-"- A~~~~j' A A U )
pdept endenty ofcn the',A-masnthdata becuauseofy 'rtherlacki of synopti waat qalityAfora~iteria e "I

ibincae asiiarapproachvaslb desribsedit fornedimnt ndta will bedueia rbooicl'~a r'

>1 ~Thrfequreny ditbho oaahefet~n~ Wiab tauatd',Tosmarea wethebiasogifal'- A

A A A~~~~~rt AA9 Aeirecf vaies Tvadicabng- thealeast 'in'pask (e, gltgreatiestrenn
- " A 1 A dversty'aveAibudarc vald~s)'Fo v'ilh e'

A A uie(d,, limio foprset condi~onu tions Ah`Gvn'ufiin'[aa heee~e Aalue ilme t'~
2' ,AV A -~~~~~~~~~~n o auaeAerltv.heathSd 2to>Auman

4A7 " A A$ - A AAA ' A 
or, effluent di" b'~~ `to,',U.S.~ Environmental,, ProtAction AgecAt Al / ;dveloped ob ici'a ma A, co A-Aa A

'EPA, )~referenAc toxiant' AA- AAvA aZA-AA '' 

( S daA AA AAin ih - Abece f rfe ce/u

A lor A AX ' ~ y



.1 4J4~~M- ine- Fres aleAr

Pollutan Acute Chron- - ANut ChA> c

'b A bA 4 'I

Aldrin 0 71d 0 00,9Al 4A A

Ammoni 0 0TAWA .E fti

f 360 190 3 (

TrivalAeoncetrtlnsuoLYp 36 

Aenahzeene - , A "00 ,30

S 4( N>~~~~~~~~b 
I r S

BeArylorutrm - -130N 5 J N

CarbnaulonttrclziedH) 023 0 O3500 '-35-20- .I ht A 

- - A
4

AHxa~ oobnzn 129 - I A -- I X 'A

Asestos r-ehan-- b0e- b (A-t 8 r --0

-w AA .2 - 'N390 - <A' -

Tetrchlooithne 11.2N 9A'204A, 00

Benzenere a- 11 3
1

2
0 0

a b AAP ob -7.tfr ' -A

A Trichloroethylene 2 . t00 b A X A,

Cadinuiated na' thal 43a~t- t¶ 1,', 2
3 9

Chlor~~inated'~~henolA 43 - -

b b~~~~~~~~~~~~ A> :00520' A 

K ~~~~pe, 1A AN
4

Chlordaphne' 4 4 29.700 A -Q4V ,
4

dA AO4~A 

A.AIAA A ba b
9

,258 AA AA

~Chlridaed beizne 168<80 Ae6

A Chiorinatedlethaer bs -2A AAA 

p. AilS 0008 118.0008 - A4 A ~~~~~~~~a9~~Q828900 AC'Chl~~~roform b b 1,240AN 

A A Hexachkroethmne'-- K 9408$ . 6 --~~~~~~ AAA-7 -t 9808 1 ~~~S4O8
4 A



TA �(Coneinued)

�congfntratjons�fgg/Lj

arine-Acute- ChrTni c Acute 
Chronic�l

Pol I utant.

b,C�loroisopropyl e't4r Y�is-2)
me 

b
Chlo�o`thyl ether (bis) 

0041
Chlorp'�ri f os, 0 '01 1", 'o OdS'f., "o4 Chromium e-n t 

IlooeKixaval 
50f

'lo-

Triv�lent 
a, b 

11h
10.300

29 
'12h

29F 
h

:6ppe'r 
-14" 

%

00 
4

'Atyan i de- 
f, 

22'4'.0
ko '001 0001

DDT 
j3d

I tis

'O
DDD' 

3 6a -b, 
060"_b14aDOE 

b 

01
w 

1W b",orobenzene3 
0 1201, 763A,97%Oic�lorobenzidin` 

J
es

Jf�Dichloro 
10,30011 A, 

5,700

propanes, 
'7 

Q�
",790, 

244a

Dichloropropenes,,,- 
aDieldrin 

o7A '6� O'OOIA 
'2. 5 0,0019

2
Dimithyl nol 2 4nitrotoluenei- -

'3700 
�'3300 - 230",

f,,590a01 nl'tr6t.61 uene 2,4 590a,

0.01 O000111
Di ox i n-(2_,'3,7,_Se-TCDD) 0' b 

ab b WOO
Diphienyl� razine 1,2'Dissolve 

3�
;8 /Lmg

-oxygen r� 2,6'
ndosulfan 

d -
'O 0087 

O.i2a 05611
E 

0034
0037d 

'O.00231

E;dri'n 
00232

o,Ethylbenzene 
43OO2 

ki
F�. 1, r.61 1 folrim.7 

100/100 

'14�100'mL
eca, 

A 

woo

Fluorahthe�e 
160

0OV 01
A, �Guthion-

36CP i22
6� �, i� 

1�) V�
Haloethers/

6.'4000
-i rFla�om�'than'es 

12,,000,0
Mept�'c'hl oi- 

-d 00669 
0-52 0 Sa0 053

'k 

9 3a�9
'Fiexachlorobutad, ene 32a b

LH.X�. lo-roc';Clohexan� '(HCM)-alpha I
HCH 

b bKH-b4ita

20
Lindane 

161,

HCH (mixture of,'i'&n; 034all ,?'lb 
0 '08,

12A

6,
4�



) 1 A~~~~

TABLEZ (Cn , r / nued'p ) 

-9' -- -, ~~~~~Concentrations (uI/Li A 
¾ ~~~Marine IA Fres~hwater

* Pollutant 'C* / Acute, ~ ,Chronic ,Acute,-2 Chronic

Hexachlorccyclopentdidene 4\7(a - >b 7 'C- i - I '' *a.

Isophorone z'12900' lb 2 117,00063

~Sf-Lead-- ' 140e ' 6 82h h'

maat- ~ b , - 0 I

Manganese b f, : rb f* 1

Ne'rcu'y 2le 0 Oe 2<4' 12 r

Methoxychlor b 20 03 L k1'' 0" A I

- Mirex b 0-0 0,

Naphthalene -2.350 2,3006 Azoa

Nickel - ,75 a-% ¾k 1.40

Nitrobenzene -6 -80Ia - b 2~ 
7

QQQ00~ '&'

Nitrophenols 
4
.
8 5 0

a , b v20a 150

Dinitrophenols j -
4 8 5 0

a - b - 'ly- I--

Din
2

tro-o-cresol, 2.4 4'.850a lb - i

* Nitrosamines 3- r00abi' f'1 -i

flflitrosoibJutIylSmineI 3,300,0006 b 1 -sa Y, 

- itrosodiethylamuhe 3.300,000a / '16(b ' 

Nitrosodlmethylamine 3 300, 0006 b~ L--' 'rK 

Nitrosodiphenylamine> 3.30.062 - b (
Nltrosopyrralidlne' A 3,300,000£, b>7 A 

1' Parathion b. - b 0.065I 0 01

pH f4 -- ac. 5 -"-7.0-as 5 < ~

Phenol
1

LL ~ r402$K2505,800~~~~~~~~~~~ 2,560"~~~~~~~ A ,

Phshrous (elemental)~ ' , N ' 

- Phth~alate esters ,- 2, 944£ 3 46, '2 9406 , 31 -
'7 Di~utylphithalateh - b" & 

K Diethylphthalate -b < b NN 1- '' 9

2D irethylphthalate -''6> bv A - ' 't

1
Di-2ethylhexylphthalate KI <h b - ,'

" Polychlorinated biphenyls '-N I a 230- - N014
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hydrocarbons -300. b I 6-. N

Selenius (iogai se .. , 41 nK 280 3

Silver '/ ~ 2.3d 4NC' 31K 0.12'

if' ~ Tepeaur IC isI A '16
0

C- 3 ~ -'

Thalliuii - A - ' A ~2.130k6 1,400a tr) - i f 

Toluene ~~~6.3006 ;517 000'

A - Toxaphene I C 0 062 9 3000
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- I~~~~1

I: -I~~~~~~~~~~~~~~~~~~~~~~~~~~



.'T-A B LE 2. (Coniinue)',d ; / ;''') , < 

r 1 14 H 1ErP5, ¢i1>449> \ltarjnL_- Ee* <> Frovfir/s 'ot as r
pE 1vl 9 rX N ~~ollutant '/S Ac> .jI<ute q hron .Ic _' t A zAcute X JrfS1lChron~c/,a)1i

> vite rVi nyI chloride . ; v - . t } ' t

t / F < t i n i)>t ~ tL 86f, 5 J>I > 10*,¢tvJil~ 

;%A<-9~~, t1.=(Detect l 'ef ffluentt ir A _;A r wc, I/ * ', 

r~~~i 9 &X NO Not detected in 'effluentt zs s 2; Yt 1_ / A 4 

"> ¢ >> & OaDta insuffircient to deri~ve-,criterjaf Vaxl u6,presented i sbxths lowest observed effect, level [GOEL) J~hese 
\ ~t taS Ltconcentrationi' repreienivapparent threshold, levels for acute and/or chroni1ctox1c affocts,`rand are- lntended to,, gts

m co Vey- nformation fabout'i dqee~ftxct fapluot~sh~bscoostablished criteria <.\

e t jts t bCriter 1\nl hs-not 6e e n e sl1hdfr merilne wnter qualty J 1 WY rA

9o! 'ts , ( ¢ Hznan he41thrirteria'for carcinogens-it telriskE level, asau ig,~e~aconsunption of, 6 5giay 

+> r * i ' 'averagesof~con ~inated fish and/or~,ihellfish~for 'i'70 kX male persn.' N, >/<j ^>

p A w 1 Notl1toba eexced~ed dtanYtti,;^ an ftim 1 Ks -i,& tG

) tp -X& l >k = iaxirmuml-h averageE lNotvtobe' exceeddoel than 6nce-ever* 3 yr, '*<,} 

5 ; fr )9otfMaxilinum 96- 4daJovrg a~t-to be exceeded more than once 3every.1 yr 6 LJ_

> L F 1,9 axlmm124-h aera¢JeNot to biexceieded'more than once every-3 yr. ,'*>ls,¢ 

\> + > k < ,iardnessridpendent crilterla, lOOmI '6sed)e ;, s 

k X, ,,>;'' pH depe detc eria,(7 8ipH' used),+t s ax)tr * *1' htf tt^ |#/g 

{ So q; t, References.,< Gal dbook~- U S. EPA' INS,\ Udaie No A US. /EPA 1987' t , t-1t- rS ~ 1*> 

; A > , i. t s 2 -

, 59 X , t k > t /7, _ t / ̂; 4 1\ i t > % @ t # * 5 ' / (t x f qf 

; V #(it{<>r; <Xt 

1 0( $,. .S f_,k ye , - N y\ t 

') ¢' $ 2 a' 'I t JI r ; Sv s P> - # 4 S j=z I 

t @ : ,t b t A a * f - rsX .f . Q 

S <e z8>w ;Tt0 *)>J N;O> 

\s X J P ;)S~~~~~~~~t f f Et? , 5e e ; ar ws 0 i' z~~~~~~~~~~~~~~



^~ ~ ~ ~~4 "'- ' J - - :

_ , A 4 P 0 a I A /'N- -t r '4 I - - -

, 5.0 COMPARISON WITH SCREENING LEVELS y v , ' '<"N

Once the fcreening levels for each 6hemicalior biological indicator have'been identifed,' values'

-observed at specific sites will b'e compared'N wth'these screening values to establish an index 'N

reflecting, the degree of contamination' -This inWx-is termedtElevation Above Reference-

(EARJ and is calculated as the ratio of"-a g 'ven variable to'a referen'e value for -that variable'.

These indices are) used, to reduce large data sets -into, interpretable numbers that reflect the N'

magnitude of - the different :rndicators'among areas. As presented above, the"50th percentile

- - reference value will be used for each index because of the difficulCt in representing "av'erage"

t& r refereifce conditions - - ' ' I - S

'The index for -water columrn contamination (Wi1) is-expressed as: . ' - ,

1' < h ' s ~~~2 5 1 '' 'N - .
4

t> ; ' 4 5~ *~ N>A R 

, I I / w i N -S W N I J' I

C '= j CO-ntamlnant'cOnCentratlOn i-at aa,'study area 't

s , CC1 tv- , State~or federal watcr quality criteria: concentration ifor contaniinantl i,' 

r ., K jThe inddx fore pathogeri'abundance (BAC;) is' expressed a&,!-$ < 

A i4 r, i > vva '.- ,/ k ¢ AJ it- 2 'A

where ' " > -:'¾7- ' N"

' t l >, - ''N 'Bacterial abundance'at study ar a'i' F N 1

AC1 - = State waterrqual ity'criteria concentramahon for conraniiant

. , -' The index forpsediment contamination (SI1) is ex pressed as:- * -- / -

N'~~ ~ 4L ,
5

' / SN ,, <"' 5"-~ -' - K s\'N

/ \ q , J - 't ' 5i1>,-C5 / Cr~o J i rK >' ;' ' N

^ .w ese ~ ' >t >> - r C tN 2

K' N" t 'r , , 'N z ( .I_ 'N F er 0

where-" ~ 7 ~N-

N A \ . Cs1 . ,,-nCs Contamlnant concentration i'at a study area N > , 'I

'N -) N 'N' --~~~~~~~~~~~ -

, X Crs0 = t Contaminant concentration (50tp AI N N' at - renc .are

-~~~~~ -'- ,+{ \ /5 <yii.~ - 1 r
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'4 w*87z aw tiM" ' urvival pof abnormalify rate i lat a study~l12\\,-, ar- ,
' s > g Mr50+gi,- B ' ,/Surv~valoor abnormlt rate, (50ts',perocntile) a't the, refcs r e'ceoirea(s) ^ 

- The-index, fo 6ibace4mulation 'BIjis cixpt.Eressid-s: t~~

fl f-' f *) Csv W >1 g/STiisue'concentratilini of, contaminant or 6ontaminant,- roups at a, study !#K*[

> ( ; g~~r50 ¢, Tlss~~ue~~concentrationocnait or contwarinalit, roup (50th percen->f 
( r < 5 l '/ ;F> ^ itile) at the'refere n c a ras) e{.>(K5rw*<a

, 'Benthic; covmmunity structure cannot be',neaguied by~,a -singlelindicatoxr, but~by/,)scvera cOm-' 

zrl, mnity'ilndcatbrs, thaft 'can' reflect, deleterious communitykalterations, (e.g., abundance, spees ' .
I, rliines,>and species AominanceO.Ms o h mulie tb hcbcommunitytf seructu're ,indicesZ 

rrt f (BCI)are'calculated as tle,in'verse Irat o of,.the value for thes6,selicted' co~mtunity' indica'tor'sat 

study, sites felative to reference areas: ^*\ 4 WX, ;tffO Wt ;\ > 

v t i X f t t >\ : ~~~~7, BC o ~t>' I9BIlm BC <~re 

,-,,~~~~~~~~~~~~~B ,5 ,,Si cs eon> eeee 

4 > qs {A"BCs T-i2Ee, Th valdie of~ta saelee'benthis ;cormmunitysstructure, i~ndicatort, it (the * 

t > wt 1 9 BC t Cts co& m unft 'stiuc8 tir ' ,<'nd k icat 'ii at the1 1

Ang i~nnverse ratio IS use'd'forfm~'ost ben'thic com munjity'sitructure' indicators' because valufes f or ^

\;Faffected stdtstsi Oul be lower ,than those atvireferen suy'iew'ce sites. For exam~ple, contaminatedl ) 

f sites ivflllprobaibly have reduce numbers-of:vspecies otr reduced Anum~berse of amphioslrltvl-/wJ
e~~ ~ ~~~~ .. . X ,' , 7 ', _X I ', I I :



to reference- sitesS An in-crease-in the index would, wtherefoie reflect. a decrease, in absolute r 

- value of' the vaiiable-but an increase in-adverse effect relative to reference conditions, 

N -, . ,' j 4 1 . ,' -\ ,? , , " ,

- -. , , -X . . I - (4 i

.6.0 .PRIORITIZATION OF AREAS ' r 

/' - - N, h' -r ' X 4 -4 J 

Prioritizingiareas of the-river for further study in -th~e reconnaissance survey will be based on a 

' ranking 'of each i>ndicator',variable calculitedrfor each meilium I(e.g.', 'Sediment, water, tissue) 

> These calculatons wNll be made for each station with adequate data,')or- stations grouped by

t rvere, segment or- 'thAer appropriate areai dAreas with contaminants roe effectse exceedlngute

> screening levels_ will then be~ranke; for0>each miedium.^ sData gaps will be identified 'for each, 
valnduator variable and an'ichres i adverent Arefas with few statoons or sntionsw

N' I~~~~~fr -ahi, tuie wtonl

I, - .4 t )')~~~~~~~~~kl ,I - , ,-' j

* rin m fted numbcrcof'dvaria aiables uilkbeidentified asreach ndih(.g o imnf, wation will be)

/ - ranked higher than -areas, where some data' exists. Those areas With the highest- potentl

j Teproblem area rans 'orw moste data gaps aill be sunmarized for each medium. Artas withg many b

-t sam ple sites and substantial amnounts of data -may, 'be avoided as _pa'rt of, tthe reconnaissance. ' 

7avr i eg ent oratir prpit ra reas with cfnwminatsp'rjefecrs eixeedigh-'

',survey, eigevelw then brak -forpeapohnts med- little datga will be targeted for feach

'sampling J t C/^IIl 'i\l/ 

1-F - _ * t s X v< 8 r / t ,< t t ) st \ -g .4 J - -

As indicated in the above sections, the rankcing framcwork is largely based- 6n development of; 

' indices for contaml nation and biological effeActs relatsve to a reference site orh eference 

icondmion. Ideally, thev various contaminant and iiological effects indiceswould be compilled -. 

rnto ank assessment raatrixa where the umberaeind magnitude of the varioustindecestrelpatoventoi

refcrcnce conditions could, be-usid.-to.'score and rank potential IProblemf areas. However, forNt

.the, lower Coluiribia Rtiver, the 'development of 'an assessment matrixt,,and, a systematic s~coring. - >

probedure may rnot obe feastblea begcause w suchman approach ie based on ,the"'availabtity ofma

ts Asynoptic`wdaia -for a nuirm~er 6,o comnplementary 'variables (e.g ,'sediment chemisrt toxicity;> 

_4 7 I I ,I4- ' N -

smbpologeca icommuntses) ais measured at aof large number of yites. The, data available from the 

. -wer Colurnbia R:ver are, deiivded fromawidi numberof studiespconducted at vareousstames N

duritg the past 5-10 yr, 'and w~hich 'Varied hconderablyiniD study objectves, study design, 

, sampling-locations,, sampling'gAvariables, aind analyticii metbods.,.,,Conseequnntlyprprobleareaarea
sduefivtwonhforthe lower Coitmbia River will'be band- lil dati we teargetedzftonr futhe -

-contaminant~andbmlological effects idices. - , -N---

r~ ~ ~ ~ ~ ~~~~~i s prioriq - ty seodr prio ityX S ,

Three priority- levels (i.e., hihs roiy ecodr roirloW~priority) swill' be established 
b'sed on" the mag'tude of'the'various indices for ea-chtype of medium. An example of this,.,
\ . ~ pproac ls shwn snTable 3? Th'e'oreticil'data rath~er, than actual study ae ata we re used ,

in'thdi table to tlhustrate how inforsmathronknfrom mutipleo indicstois can'g beintgrated fboraant 

4' V '"' 4 _ , 2 -x. S 1

N.,.)M ' *Al 1., 2 r - -. , 
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ToiccotainTABE3TERTCLEAPL FCIEI O RORTZN RBE RA 
¾)~~~~~~~~~~~~~~~~~~~~~eaER10~~ cas-~A'<0

'Se •Datai Categoisry - Highest PARiority jhi Seona4 roiy> o roiy ~

Watedient-clun ciamtryr,- Metals: A >0< -'Metals EAR 105 Metals- NEAR <10' , >'
¾ o ">71 - Organics ~~~-EAR, OO Orais. ER 10105 rgncsER 1

>2Orgmaics: EAR >100- -•Organics. EAR- 10-100 Organics. E~AR~<cO

Bioassay - mhipoid,>50% mortly Ampipod 25 50% mortality, Amphipod c5motit-
- - - Oyiter >~~~~~50% mtali4 J2 Oystir 25 50% mortality0 E'yt- -c25% mortality z

Mterobsal contamuinaton- h y--1Fecial coliform, bacteria Fel INfmbacteria' 4- ~'Fc~aIcoliform-bac~teria -

-m ~~~~~~~~~~EAR >10 EARs 1210 EAR cld

'U 5K a~See text'for explanation of criteria --

-1 bC Can& B water qualitystand(ardjfor marine waters& <U"- 

Wcroumn'E~hsdo aippropriate_ water quali'ty stanidard -~

w-dFcal coliform--bactersa E-AR value of I corespondsto teappropriatcrvaterqjuality standard for Class -A ojr'ClassB marine>
waters.'>- 5---¾-

A o,~~~~I 

0- '2 A ~~~~~~~~~~~~,- 7~~~5



(7 ~~~N I f iffrn ae'N 'or'hs xmpe nly.,'

overallxevaluation)z~d proritzaton'o r. tgeneral in>dices '

- 'Nt /N - N~~~~I u th cu la piain s- 

v t - {such as ",sedim'eit contaminatton or `eutrophication'~are', presented. inteaculplcto,

multiple indices -of -different types of sediment contamination will bev evaluated, including 

separate -measures for groups of organic,, c~ompounds, mn retals. Similairly, the benthic ,<

X~~~~~~~~~~~~~~~~~~~~~~a - NNIN -' .I

. macroinvertebrate -category jwill.i nclude specific )j mesures of benthic community structure

However, the selectdindices' will only be se thatare common amongtudies Evluaton
oeralf ineformation in tha's format enables deciseon-mtakers toPanswer sevxeral qolestions indices

N -.~~~~~~~~~~~~~~~~~~~N

such as , "edmIsh tt amna ion"reate mcontamitinor" tro on t e sented. -iid the acial appiclication, 9t

N - f e t ta y td'ra 'N ' - N 'N C ' I

' / - N i

multiple indicesre ofhedzffertc typagnoftsediment yontamiatioq ilndibes (ealuted wincludinghe

sepaate- greatest frative threats)u i, pu n ma S t rbenth

N cIn thentheoretical example shown iln Table '3,speif ica criteria arendeveloped for,each indexs I

this 'way,'each study 'area on ii lower Columnbia (e g ,-River Segments 1-4) can bepriorit-zed * 

- . Hown teym of potental problems byw nsummng the number- of indices that'are found Elieactofn

t th'e three priority levels for->each Harea J For example,, if Cin'srivcr segment 1FB, all- the~indiccs felii
-nto theohighefst frloroth levelothen thiseareai wouln recetve an higher priority for Nrther Nstudy

i' n the reconnaissance survey than an area' where most 'of- the indices fell into the low Oriority 

I ( II . - I I I~~~~ ~ ~~~~~~~~ ~~~~~~~~~~~~~ - IN k , 

level The sum of the number of a indices' ineacch priority levi , will bencompiled acd then an ba I
*--''overall site ranking Pwill occur which rwill lead to setting of priorities for potential problem 

* . + ~areas for' caharea 1. ;. Et, 

- ~ ~~~ ~ ~ ~ rr '' ¼ tN N. N

;Thec presence' or lacktof da'ta,(data~gaps)i'will be factored into the' recounaissan cc) survey more 

t niorm'ally, than- the Ischeme tdescribed I&o problem areas, to'help'_in identifying ,areas 'forS e*
I urt/her effects, atr cxapnle, areas teno data -or n Nbe identfed as a

-- p riority data gap, whereas areas wit-h some existing data or asingle ,sampfing_~points wlill'
>> * ~receive a m oeae aagap priority s' t' f ..

V- i.iUsing this as se~ssment- app'rioach, contamination and effects' may be a'naiyzedzat,'sevcr'al levels of 5),

spatial resolution (e.g.,- the entire project area, Asmaller study -arias within~the projcct 'area, or

'individual stations).;' Detailed- -emamnation 6f: eich~situdy area may-be necessary because spatial 

K _>hr teterogeneity of _contamination can i be 'relative y -high-, For /exa'mole, past estudies- may have 

identified apparent "hot spots" near contamin-ant sources In such situations, it is irnportant to> 

h * > ' determine if broad-scale'sedliment' toxicity;,or, biological effects-detectid'inotse area result only '

<L~~~~~~~~~~~~N /E [t 'N N N- 'N 1 - N/ 'N

N~~~-N/N, N N N \ 'N I / N N~~~~~~~~~~~~~~~7
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>s .> )fromn localized contaminition-' 3Altrnatlvely, -'examinttiod i~o' a r s reaF -( g river

/ <J:i 4.(! z ..- rr <s| t r? s5 r f - Iw< zFX E\ n69 

>,t¢12,egments) may",pro~vide-an" ov~eri~iew of kthe conditlions tifrougfih-ou~t-the rsverfsegment'or¢}aentif y t

Y data gaps f ori that area 

Because 'of 't'heir mobly, f 1shes fused in the, bioac"umulatiF 4and 'enzyme assessments' may,Fnot'l Q

; s-' _lgt; beeappropriate forl st~udyipig~localized. )effects (although this, -is fteendentaon thse, i'aiv at

^ 8 Xi~ 1v speciesf),- buti, ca-im, be used to, charactersze6 generalizedaes. Q~uaiiti ati I' elati SsIps among -

f lsedentocontamaz adnt mivelsaibenAthic rnfaunal, adawatir columalagcontamirr Atsu ara( usedg to r r 

' 1 xevaluate2 smIall-scai rsose Erdients-. Such.>_! rel6noships« may beM used fto rlredict the

'r ^, e~ivccurrencezof )b "Olwgical jproblenis-ra an areai~wher~e' chemistiry data 'arie available bu iSological 

,- 66v . ' dlaA rc 'not t ,. ,.7 ' , F ' \ ' M F F

The, s sgm ofe ite s)nkigrodan ondvrevaluwthoe onditioe spatialrdiouhibutiot of preblemd'arena w,

F >$$ X <,'provide a baslsafosr~the,design -o'f the,rpr-connaissance survey jProjpcvrresourkoes~will be 'direce

ltowards gahpe ar'aschaving the 'highest priorjty based4on either probler 'area-rankng ortlack of $
* r -- yformati * , ,< . ' r K G V
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