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INTRODUCflON 

Over the put dec8clc, 1 variety llllditt hive re­
ported IOltlciiJ' -wtecl wldt fldckollccled lecli· 
IMIIII (USBPA 1.,., ASTM 199S, 8111t011 tl el. 
1996). However, It II often dlfllcuiiiO deleralille re· 
ladNships llctweea Ieveii of cOIIWBlutloa 111d 
toaidiJ .. dlele ud Olher ltudiel*-the Ndi· 
.... typically COIIIaln 1 vlrieiJ of both oraule 
ud '-&ole -'-IIIUIIL Sndlmeftl Effect Cool· 
centratloM (SECI) hrte been nsed 10 determhoe 
roncettlmlolls of bldlvlciUII COIItamiunts In aedi· 
!Mnl below whkh IOalclty iJ rwel7 observed and 
above which 101idly II lrcquadl)' obscr¥ecl (._1 
tl ttl. 199S. MacDonald del. 1996). Howewer. only 
a limited .-11er ol SEQ for fruiiWIIef aedimenes 
lone beel pnlllishtd (f'lnlld II fll. 1992, Iaiii 1111 
Cullbap '"'>· 1'1le objective of the.,._. study 
wu to develop SECIIO cluaif)' todcil)' dlta ror 
Great Lakes leclimeftl aampleltcllecl wldl Hyoltllll 
•tt- nd cw-.. rlptlriu. Tile SEC dll8base 
lnc:hlded lllllples from llddltlonll altn -• the 
Unlled Slllel .. order to llllb the dlllbale 1111 ro­
bust .. possible. 

Ideally. SECt could be used to: (I) Interpret hb· 
torlcal Hell..- chemistry dlla. (2) ldenllfy eheml· 
cals Of aras of concern. (3) Identify the need fot 
more detailed Sllldies befOR an action is tak:rn. (4) 
lcknlify a potealial problem llefore disci~JrainJ a 
dlemicat. {S) establish a link betweea a comami· 
111n1 -and sedimelll quality. (6) tri"er reaula· 
tory action, or (7) ntabllsh ter&tt remediatloa 
objectives. The slrenath of SECJ p~ed usin& 
data rrom lludies with Individual chemicals spiked 
into sediJIICnt or with an equilibrium pllrlltlonin& 
( EQP) lpproach is that cause and tffect relation­
ships can be ntablished (0i Toro rr al. 1991. 
USEPA 1992). While, all seven of the uses listed 
above for SECs could be utlsned whh either of 
these approaches. both the spiked-sediment and 
EQP arpcoaches were developed primarily for eval· 
ualin11 lloe effects olindlvldval doemlcak. Ho-ver, 
contamiMicd sedimems typically contain eomplea 
miatum of chemicals which could act ladcpcto· 
dealt)'. ldditively, s)'Mralsticalty. or ~n~~p~~l11icaHy. 
noemore. the lfllllieatlon of SECJ cleYeloped usi"' 
these rwo lppiiiZhea b onen .-u~n 111 roeld-col· 
leded ~ (5...,& IIIII Dl1brv 1997). 

Oae of the mala strenathl or SECs ae~•erated 
••1"1 data r,_ lelll cCIIIduc:ted with tlcld-collecttd 
samples II lhll the poeetlllal tlfects of m!Jttures ol 
chemicak are uplldtly ltddressed (l.MJ and Mor­
~·n 1'191. Ul;t;PI\ 1'192. 114ar0nnald 1994, ._~ r1 

.-::...._•____.__"_:_Y.:-::_' ->'.l...;,t"~_-.:._ 

ol. 1995. M.ocOcmald , .. r. 1996). lloweYCt, done 
are a number ollimlwlons aiiOCialed wllh &he eo­
oceumnce-bascd appro;adles thai ha~e 11ecn tMcl 10 

aener~~e SECIIacleldllla - .s effect 1a diffi· 
cull IG establish nd use of these SECs 1111)' be rc­
Sirlcled to the scoaraplolcal area where the 
sediments - calleded. Hcnc:c. the last four wsa 
ror SEC• tilled above .. clilfocull to IICCOINIIOdale 
vwin1 co-occ:•rmtee .. ased .pproac:llet socii 11 1 
weichl-of-evldetoce approach ,._, and lloforJH 
1991). For example, these SECs IMalcl not be used 
laclependeftdy 10 establish ul"er lewelt for clean 
up of ll'dimcnt. One of the major Slmtcths of SF.Ce 
developed .tlh data on r~eld-collccted Ndl- Is 
In lhdr usc f« predletift1 the potc~lal for to&lelty 
In neld-eollected •- Alllflla. A pr1111ary use 
ol SECs tlcwloped with ficld-collmcd ICdilnnu 
allould be 10 pnwlcle pWnotce for ~nlrlc alta 
which may require further htvalipllon ('--J ud 
Marean 1991, MacOorlald 1994). Moreover, the 
abllily ofanJ Mdiment IOJtickJ tat 01 SEC 10 pre· 
diet benthic CNI-IIJ effects shootld be -u­
ered before any approach Is 11sed to ro111laely 
cvalulle sediment quality (Canfield ~~ el. 1994, 
1996a. 1996b). 

As part of the Assessment and Rcmediatiotl of 
Contaminated Sedirneal tARCSI proJram (Ross rr 
111. 1992. Fox and Tuc:hmanl996), whole-sediment 
todcity •~sts -re conducted with the amphlpod 
llrotrlltr fftl#nt c I"" and ll·d tellS) and the mid an 
Chi•""-"' rlp~~tiHI (14-4 test) and Chi""""""' 
,,., • .,, (10-d aesl) with udiments collected from 
three Orear Lakes Areas or Concem: IIIC!i- Har· 
bo<. IN; Bu!Talo River. NY; ancl Saaiaaw River. Ml 
(USEPA 1993. Burton t1 ol. 1996). Only a limited 
number of samples were suc«:~~folly tested with C. 
""'o"'; t~ref~. we did not liSe these data to cal· 
cul:ate SECJ. Sedinoet~l chemistf)'. benthic com ..... 
nil)' analysis (Canfield " 1111. 1996a), ehllriate 
tolicity (Hall riel. 1996). muta,enicity (l'apouliu 
and Bucklet 1996.1'apouliu del. 1996). and tosie· 
ltr ranklna (Canrwld rr n/. 1996a. Wildhaller •"" 
Schtnill 1996) ol sedimern samples -e also eva!· 
ualed as part of the ARCS pro&nm (USEI'A 1993). 
In addition to the ARCS data. w ewaiiiMed toakiiJ 
and chemlllry dall JCMralcd witb sed!- col· 
l«ted from the follow!"' dtel: tU Wavkcpa Har· 
bur, IL (1~1 and Nch011 1990): C:l) the Of'PC' 
Mississippi River. MN (USEPA 1996): Ut the 
III'JI" Clark Fort< River, MT (Kemblt 11 1111. I'"): 
(411he ·Trillit)' Rlwrr, TX tUSEPA 1996): (SI Mo­
bile Boy. AL (US EPA 1996). and (6) Gaheslon n., .. TX IRc>:>ch rt t~l. 19'1.l). 

-
("r) 
0 

-r----o--



"""·
 .. 

.::· 
~ 
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

.. 
...

...
 

;ti
·' 

' 
:·. 

' ' 
~I
 

' 
i 



:,.:· 
..._,." 

n 
i 
I 

'' .. 
t:_.·. 

F-· 
v 

. 
' I r 

fil6 l•cn.eUetal. 
.·.....,-;~- ;-~~· ·:.,_· 

crv,.-a ~1-d trsl). Tlw k!t was condoct~ ulldrr "•· 
lk conditions wiiJt 101(• ulinity in 1~ ov~rlyinc 
water. 

Classlflcadollel F.lfm• ....S ......._., Date 
Rtqal~ tw UM el u SEC 

To lncrnw the liblihood that ass«i:atiartl ~­
t- wdiiMftt ~he,.istry alld to•idty would ~ 
oblerved. lhe d:ata - sctfffttd to delnmine If at 
least • 10-fuld diffe•~nce In eonc~nu:atiOD ror II 
lnat on~ ~hemiul amonJ the sample• wa• rMt 
f,_ncto she(....,. and Morelli 1991, MacDonald 
1994). The ~hemicals measared In each nmple 
wete dassirted In tcrnos ofllleir usodalioll .nthlhe 
ollaened tozlclty. Each of the chemicals lo the 
IOIIc Ulllflla wae daoil'led as • "effect" or "110 
c-dlllcc" dtpaiiMc 011 wbethor lhe ndo of the 
_.,.loll Ia dlriiR!ple to lhe - COIICC1dra· 
tiollln tilt -IOiic urnplcl - > I or s I. Con· 
ceatrMioM ol chemicals Ia --tosle Amples -
~. "110 efi'ICU.- Saalplea deslpated 1lrilll 
lhe t10 _.,_ descriptor WCR abo lodadcd 
willa tile -'feet umplea for calculalioe of SEC.. 
Lao& IIIII Motpn (1991). MacDootald (1994), Lona 
dol. (1995). MacDonald erel. (1996). alld Smithd .r. {1996) tiled a sitnilat desltnatioll: ho..,ver, they 
~ a cflemiaiiO be associ:aled with a toxic 
effeCI only lr the - ~oriC'entradoo ia toaic lim· 
pies .. I site - M lnsl tWO fold pealer lhart the 
- ~ in noa-roaic samples at a sile. 
We choR to 11R 1 nticl of> I 1-.1 of> 2 to cl:as­
lil)' a sallljlle u • "effect" itt onler to minlmlre 
~ U enor (tollic sa"'J''e clusified as rt01 totlc). 
We ascd an SEC for a chemical 011ly if: I II five or 
IIIIIR or rhe samples were toaic for the chnnical 
ad (21 ihe numbet- or roaic samplfi .nrh cone""· 
uations above rhe SEC wupceter than t~ numher 
of toaic umplcs wilh eoneenrratioas below 1he 
SEC.. 

Cakalallon el Elrm Ra,. Low (ERLI 
... flrtd ...... &letllu (Eit&ll 

'!c We cakulaled ERL• and ERMs uolna pocctlutn 
~ bJ Lone a"" More• et99U and Loea , 
ol. (19951. Ollr ERL! alld ERMs ere calcullled for 
itldiwidul IDa icily ICIII (e ·I-- the H. ft'Hfl 21-d 
lat) Ia Older - -·~ endpoiou ror ddenaia· 
lnaetoslc ~- Ia --·· .._,..., Morc111 
(l99U -cH dMI r ..... a11oa1 n -. nne 
~ iiiCitodrd ..;..e llld rresta._ fteld ..,. 
w,s. spited-._ eau . ...., EQP. arm naaes 

'Wre eakulated by l.ofte , <II. ( 1995) (Of 9 metals, 
I) lndivlcMI PAlls. 3 CllliiJII of PAH .. and ) IYft· 
thetic Oll"ftlc COill-iunn. Slrenctu of the Lone 
r~at. (1995) appiOIIdllnchKie: (U naces lnstUd of 
absol- ce.a .. Alill ere talcttlaled. C21 • PfCPOII· 
derMCe ol evldettee f~Um divene _.,.,. Is used to 
p-ate the r:aaca (e.~ .• wel1hl of evidence), and 
1 H probability of l'bwrvtnc erreell can be till· 
mated. Linlilatlons to the l.oo1 d ot. ( 1995) ap­
Jift'lach ladude: (II the quality or the data ••• 
'"rlabk, C2) llifferenl lypes or dllla were mercetJ 
ce ·I·· acute lelhality and benthic: c:otmnUnity llrv<:· 
rure were eotnbloed to c:akulate effect raaaea). (3) 
conetnlfllloas were c:aleulared on a dry-weicht 
basis (data 01 aediment oreanlc: carbon and AVS 
COII<muaUoaS were rt01 available for all date sets). 
llld (41 ~rrect date ere not used Ia the c:akulllioo 
or ERl.s or ERMa. 

Lona rr ol. (199S) c:alc:ulared ERL! and £RMs 
usinc the followlnc ~- Concentfllions ob· 
sened or predicted by different methodt 10 be asso­
ciated .nth cffec:tt waw IIOr1ed I• arcendlnc onter. 
ad the lo- 10 paceMile (ERLI and SO percentile 
(ERM) efl'ect conc:eotrations were calculated. An 
ERL was defined by t.oncn MOIJIII (1991) and 
Lone r1 at. (1995) 11 the COftCCIIIratioll or a c:herni­
c:al in sedimettt below which adverse effecn were 
rar~ly otoserved or predicted nmonz seasilive 
~in. An ERM was defined u the coac:entfllioll or 1 <hemiealln ledimeat above which effec:u ere 
lrequeBtly ., always otoserved or predicted amonc 
IIIOSI spcc:Rs. Use of perttntiles minimiled the in­
nuenc:e of sinclc data poiniS (e.J .• potcntial oorllers 
associated with AETs) on SECs. No-effect data 
were -.sed to evaluate the reliability or ERL! lnd 
ERt.h calnlated u&ina tmly effect d:a11 (Lone ~• a/. 
199~1. We chose 10 c:alcullle ERLs uslnc the IS 
~·cenrile rarher rhan usinl! lhe 10 percenrile or ef. 
frets 10 reduce the potential lnr Type It error (false 
~ellivn: 1\.tac:Donald" "'· ( 1996; see below)). 

Calnol..._ eiThnsheld FJrect lAw! (TEL) 
elldl'nollaWe Erred !Awl ff'ELI 

We c:alnlatcd TEL• a"d 1'1!1.1 u•inJ pocetklres 
cletcribed by MacDonald 1199.C) alld MacDonald '" 
a/. 11996). Our TELl and PELs ere calcalated ror 
indiridual toalcily tellS Itt ....- UK consblent elld· ,.oa .. s for delmnillioiiiOiic: l'nf"''L'C. MacDolltld 
(IC}9.f) and MacDonald rr at. ( 1996) calculated 
TEl.s alld P£l.s b)' eapancllnc 1wo 10 thref fold lhe 
cl8tabae oriciully developed II)' t.ooe and t.toraa11 
11991) alld by enlucll"l rreshwalt'l' clara. Effect 

~· ... - '·"'' 

Caleullrliorr •I Sdilrrtlll FJ!ut Corrttatr.rU>,s 607 

ranees wae calculated b)' MaeDoalld rl .t ( 1996) 
for 9 IIICIIII, 7 pe.qlcides. 13 lodhldual PAUs. 3 
croups of PAUl. total PCBa. aad one phthalate 
ata. A similar pniCedun - tiled 10 clkulale 
frallwaler TELl lilt PELs for I 11tet111, 61ttdiwld· 
ual PAII1,IOIII PCBa. _.I padddcl (SRIIdt dat 
1996). Sueaatht lad 1'-lllliolll to this approadt 
are allnllat to the EltUBitM epfiPIICII. Jlowever, 
ealcuhtlolt of TELl lilt PilLa lib bath dl'eet ud 
-'fm data lato-w-tlalt. 

MacDoMid dol. (1996) lilt Smlllt '' ol. (1996) 
c:all:ulaled 11!IA and F'ELI ..., tile folloWittc pro­
cedure. c_,.tntl- obsene4 or predicted by 
different medlodt 10 be IISOCialed 'trieh effects were 
sorted alld tile lower IS permttlle CERL) IIIII SO 
pacenlile (I!IUd) ~ of the dJecta data 
set were calalllled. Ia lddltloe. the 50 ~ile 
(No err.ct auce Mediae: NOM) allll 1$ per· 
cenllle (No Uect 1t1BJC ffl&h: NI!JUI) COIIUtltnl· 
lloal of the ao-efrects data aet - alcullled. Tlae 
TEL - calallatett .. the ,_ulc - or 111e ERL IBd NERM, ....._tile PI!L- e*ullled 
the ,._uic - of tile ERM ltld NERH. Tile 
ceomctriC --... nlller ...... the eri&hmellc meu btcasc the two dlb Mil ere typically 1101 
norlllllly dlstri1llted. An IHiopll ptOeedtwe has 
~~• tiled 10 c:alculllt Mulmvn~ Acceplable 10111-
~•nt CollCCIICtalitllll (MATCI) ftomlhe ,_...,uic 
mean oldie IIIMiblcrotablt-llltlow~f. 
feet CDIIUI bMioM (t.OEC IIIII N0£C: MJd)ona\4 
1994). Fareadl ors» Ylloa (Eitl., ERM. NERM. 
and NEIUI). eaetla ofperctlltila wai neluatcd to 
optimize CCNnd classlfatloft ofiO&Ic:ily lllinl the 
TI!Ls and PELa (MacDonald 1994). The ap· 
proaches destrlbed by Lona et .,. (lmllftd Mac· 
Donald ~• at. (1996) lllvt been and by NOAA 
ILona alld Moreen 1991 ), Environment Caaada 
(CCME 1995). and lhe Sllle of Florida (MacDonald 
1994)10 derive sedlrnftt quality plcldl-. Adell· 
aional orpaiutlons ahll are -wtri•c•he - of 
lhne ....,.... 10 daiva aediiiiCIII qr&llltJ plde­
llnes l~~ehlde the state of Califorala (l.orcarato ~• 
at. 1991). the lllltnlalional CoullCII for Explorlnc 
the Sea, and the Natlool Rivers Alllllority h1 t~ 
United ltlaadoM (R. Fle~alac. Wlt.c, Marlow, 
811Cb, Ulllted KlnJdaln, ,._. -aloll). 

Calculelloa et Ne tlffd COilmllf1lllow (NF.C) 
We also calnl"" Na Effect C-lllratiotll 

(NI!Cs) which are aaaloc- to Appareal Effect 
Thrclllolds (AETs). All AET Ia defined 11 tile sedi­
meat concet~tratiolt or a al•c• chemlc:.l above 

Whicllslatillkalfy alplfoc:anl dl'ects (c.c .• ~ 
loak:lly) arc alw1ys obsened (Darrlct r1 IlL 1911). 
If uy chemical ac:eeds Its AET b 1 paortic:t11w R• 
apome. a11 adveue eff«flt capected for IIIII re­
lfiOIIJe. If au -..lolls f/# daolcels are tdnr 
their AET for 1 partlcullr rHpoMt.lhea 110 ._.. 
clfm It capected. The AET .,.._.tau ben ap­
plied 10 -•'llle•ted M4liMtol Itt ..U. av'""'· 
IIICIIII (c.J.,Ia the Pucet Soalld, Ianiel d al. 1911, 
IIIII Ia Califontla. Bec:lter ~• .r. 19119); loawcver, the 
AET approach has rarely ~ea awd to evalalle 
rresbw.aer sedialeats (Kelnllte n al. 1994). 

A NEC Is c:ak1llaled u the madiMm -'Ia· 
tlon or a chc4rtlcal in a sediment IIIII did flOC slplfi· 
Clllll)'ldYCfiCI)' all'eet the partlclllai' retpoue (c.J., 
sunoinl, arowtlt. or -untloll) co.pere4 10 the 
COlllnll •. We dlole 10 liSe die Iaiii N£C .,... of 
AET ~ (I) we cakellad NECI ror .... 
aedl.- Of ..... water_..,..... wllill A£1'• 
are rypleaiiJ eelc:ulated rw Jnt whole·ledl­
___,: (2). 1111--. oi2S 10 so....,.. 
Is .-marded for celculllhtJ u AET lid WI 
used < 2S llnlplc:s to cab1a1c - ol 0111 NECs: 
IIIII (3) we calculaled efl'ects Rlati•c 10 1 -uo1 
aediment. wbereu AETI are typically c:alcollled 
relative 10 rererence sedilnnu. 

E•ahoatlansetSECI 
SECs were cvaloaled rdllive to their po~a~ial to: 

(I) ~)' classify toalc aantples IS loalc: (toxic: 
sample thai eaeeeds aa SEC fhil)): (2) c:orrec:ll)' 
dassifJ _.IO&i<: samples 11 aot 10slc {--todc 
sample that c1oe1 1101 uaed aa SEC !1110 hit)): (l) 
incorrectly classifJ noo·toalc sarnplea as toaic: 
(Type I cnor; Calse positive; not~-roa.lc: wnple that 
exceeds an SEC lhiiJ); alld (4) lneorTec:tly ctasstry 
toak samples as noltoalc: (Type II error; ratw aq­
lllve: loxle ump1e that cloelaoc aceecl aa SEC tao 
hit)). The SECs- evalualed relative 10 their: (I) 
reliabiliiJ I• ICnM of correctly dauirJI•c the IOa.i­
c:lty of aedi-11 Uftltlles wldli11 tile data ICI, (2) 
predictive ellility for correctly cbaslfylac the toalc­
ity nr ~~-"' uftll'lca fmm irodependeftt data lid., 
111111 (~) comp:w:ahllily within lhe d:ala set or 10 other 
published SECs. 

RESULTS AND DISCUSSION 

Tnlclty., s.6Mat s-piel 
The petmlllfe or wctimtiiC samples ldmlitled 11 

tosic are lilted ill~ 1. s.m..1 01' JIOWih or c. 
rifl"riiU In 14-d tniS ICRI4)weresipii"K"nlly re-
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• '· • !fAU ~ ~ ~ of tile CI'R Ulllplel wen 
~·· ~;,... > ;. Colhctl:rtbtiillll~ ll'eidf- <10.. aftd 

f. 
• 

. ~~- wat2010~1111 to20l.ERMu· 
~ Aboft 2 OL EltM nceeclaKa Ia the 
HAU IHl. 1)pe lienor 1..--~~~~~~ lhe de· 
crease illl)pe lenar, mulllftl Ia •lllbstallllal dtop 
Ia comet diUiflcMloa of _,tea. 6wal•atloas 
IISint OL PELs ud OL NECa mlllted Ia similar 
predictive ability compamt 10 OL ERMa for the 
C1tl41ft4 n.ua- wllll CFit RCiitnetoiS. 

T1lc Cflt sediJMniS pd1Urll)' ~alalncd hlth 
conccalratloas or C. aad Zn resaltlaa In e&· 
~ of GL ERMa for tllelc IWO IIICials. Re· 
qairlaa -rt than Z e&ccediD«I of OL ERMs 
rewlltd Ia 1 111&11 'l)pe ll -(lode samples mis· 
dusir.cd IS liCit loaic). Hcece. cl111irlclllion b11mt 
011 -wple u-..- of SECIIa a p!Ciilftiaary 
scmtlliaa af acdliMIIII whldl COtllala a limited 
...-r Clf -ullin 11 .., ICIUll Ia hiP 1')pc II 
error. For ...-pic. 1)pe H error- < aM ami 
'l)pe I error- 10 to lO'A 111 I 10 2 OL EltM u· 
~ Ia tlodl die CRI4 llld HA21- whb 
CFit acdiMeals. l11111)pe lienor was 111&11 with 
••lllple eacceduca Ia tile HA21 tat (Fla. 6). 
nererore. a low •••bet or SEC ucccdanc:n 
....., lie ued to aadiiCt a~ saecalna 
to predkt lhe pMetllial ror toaicily ltllhe absmce r>f 
anlllladdly ..;.,.. 11ois -w minimize lhe po-
~eadal ror raise ~~ep~iwa (i.e., Type II enor) at the 

: risk of KCepliaa llipa fabe posltiwa (I.e~ TJPC I ._,_ 
We llaft IIICJaded this - ell.mple of '""" the 

prcdlctlw allilily of SEO c:u be nal•Mcd •slnt 
• iadepeadettt Ula set. We are nsrrcntly ie the 
poccu of aiDI- SEes calcalaled from the en· 
lire database 10 predict the response of Hyolrlla 
~~:~no ....s cao- riplrilll in a v•iety of in· 
~~~~ clala - I"'Cfllt<l .. , nther ,.._.tori .. 
(i.e .• McGee "at 1994, rast01vk rt at. 19'14. 
Sdlkbl n ol. 1994. Bllll and Cubbatc 1995, D:ly 
n a1. 1995. Holce n af. 1995,1. F"~ld. NOAA. Seat· 
tic. WA. ltiCI M.D. Spmocu, USEPA. Edi-., f>IJ. 
tlllpUblished ...... , 

~ lel'llblhllt4 S£Cs 
&anople ~-plaited of...,. SECs 

RlaiM ID adle pllllisllett SEes for lleiiiOjalpyiPr 
(laP; F"fl. 1) ... cappcw (Fit· I). Ow SECs are 
typically Iowa .._ die AliT (Fip. 7 aad I) and 

l.·:, EQP,..... (Fla. 7) ... - sclltiYely allllil•to 
; ': palrcdiUriN Eltt•fl. Eltl.a. PEI.t. or TEU al>d 
'. ·, ftnh- PELs or TELl (F"tp. 7 _, I; Smith ~• 

oL 1996, USEPA 1996). Tht SECt based on EQP 
and AliT appn~~thes 11C l,Jplcally 11t1r lhe llllal· 
... -*aliOII ror lht ,.,uc.t• cbemleal I• 
CJIIf dlllalllle. '11111 II notllllpllltla alnee EQI' val­
ue• repruclll CUC'Clltrlllont of sltlalt dle•lcal• 
rreclic:led 10 lie 101lc wheteM dla Ollllf SEes listed 
Ia l'l,.a 7 ud I reprtH•I _...,..lOIII of I 
chentlell auoelatcd with 101icll)' la llliiiiiiCI of 
thettllcels In r.eld-collcclcd scdlme1111 (Hoke n •'· 
199S). 

Stnittt ff ot. c 1996) rcpotttd 14 or lbelr 23 TI!LI 
and IS of lhelr 23 PfiLI were wkhltl 1 factor ol l 
ror 11 least two other pabllslwd SEC&. 1llese results 
lndic11e SECs developed uslna a •ariel)' or ap­
rroaches and data !ltll are oflen COtllparabk The 
SEC. calclllatcd bJ Smith rl Ill. (1996) were diSO 
COII!plfablc 10 - SEC. listed Ia llble 2 fOJ IIAU 
Inti. However, rellabt11ty or.the SECa hi Stnilh ff 
aL (1996) - a-aJiy Iowa dian lbe rell8blllty 
of- sees. The tlatatme •reel II)' Smltlt n ol. 
(1996) to calallle SEes lacluclcd - data and a 
nrlety or adclillo•al cllla 1011rcca from Norlh 
A.-ica. Thla lower rellllbllil)' of SECI reported by 
Smidt ff oL (1996) mailed r,_ tacludlna t11ta ror 
..Whloaal apeclel rrom 1111o11n reponlftt 110 eJrms 
wl"-t lftlllellirl& dl"ect t11ta (l.e..illlolctatllapeclcs 
or sllorl e1ponrc duration) or by lndudlnt clata 
r,_ betllhic COIDIMIIity saner• (i.e., difflc•ll to 
~- sedlrtiCWI dlemlstry 10 clislribulions of ben­
thos). Aclolilianal CWIJ*i~G~~s arc oncoin& to fur· 
1her cval~~a~e c~litJ and pmlicli-ve ablll1y of 
publithcd SEes 10 ow SEes usi"' addi1iottallnclc· 
pendenl dill HU (I.e.. McOtr n al. 199•. l'aslorolt 
rt al 199-4. Sdlltbl rt at. 199-1. Balli and Cubbqc 
199S, Oa)' rr •1. 1995. Hott rt ttl. 199S; J. Field, 
NOAA. Scallle, WA and M.O. Sprutcr. USEPA. 
Edison. f>l.l, uap~~bl_ished <bto). 

Ultintalelp. the be•l mca•urr n( cnonporahility 
arrMtWJ SEC• is nut tn n•mJU~n=- aio•ilarity in ah· 
sol111e eonc:entrationt. ""ltn <0111p.1rr llow difrerent 
types of SECs conKtly (or i!ICOneCIItl pmlkt lOa· 
iciiJ ia i~lll Qfllpk<. For eaamp~. F'IJUfC 9 
pint• pn:didh- ol" IOalcltJ ill- IIA2lltesl& L• • 
runctioa at eacadanta of fotshwaler I'ELs (PEU': 
Smilll rt ol. 1996). H10lrll• a:r«t~ AETs (AET5; 
Baets and~ 1995: Ulumhol2~ TOC), EQP 
CUSEPA 1911. Holte rt ol. 1995: ess•ml•l 2~ 
TOC) a..t SLCs (SLCI: lowell efr«t level for 
Screcai•l Level ClltiCCRitltlnas: Pm•l4 •• a/. 
1992). AI I to 6 e~cccciMccs of lhcsc ,.ltllshed 
PELt. AETt. and EQf' Yalan. toald!J It correctly 
rrcdletcd Ia abottl 110 to 10• of the 11mplrs 
wllereas SLC'• only conccdJ predict todcity I• 

. ··f·~ ~ /-.· 

.r 
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IU·-IJI 
;; ./' ,.; 

"' J'd' ; . . . . . . . . 
ou.-- .. 1 

; ; , ;;; ; . . . .... 
.... _ .. 1 ~ 4" ,. ;/"; J' ; .. . . . .. • 

; ~ ,, AI 
OIDDl •. ~ .... -· .... ~~ a..t,., ··~----..,... _.....__·••·• 

• - - - ---
FIG 1. Co111,.,uutt, •I ou SEO for ,., e1ttllr Ul.ktr to p•&fiJIIrl 
SBO f., &IRU/•/riHitlt (Jid') hsd •• h~w~lfltl co~~ee•lrollo"'· 
,_.,. BIU.MI £ltM (EILM a4 UMM; ,_, et ai.IHS); _,.,TEl. 
a4 I'EL (TEUI oM I'BUI: H•Doull. et 1L IIIS);fmlt- rBL .M 
I'Bl. (TBU' al I'ELF; Sllflt. et aL IHf); (4) _,., Am (.tETI/or ••t,.b. ABD/w oplrn. AEn for llkroto1t, AET4/or Htt~~Ns; ._ 
mt et ILIHI);fmlt- AEn (.tBT.Sfor H,.wJc O#mlw AETifor 
Miwotu; 118111 ••II C•U•1r I,J (.,•••rtl .z• toto/ •••••ic carh~r 
(TOC)); (I) Scnlllhlt 1.1.,1 CA•ullrraliollJ CSI.CI/or lowtJt •D•cl /r.,l, 
su:.z J•r JtHn lt/fm hm (o.ua•n .z• TOC); ,.,_, et at. tnl); IUI4 
(7) EQ)" (VS.UA 1111, Hoi1t et at. IHS; au-.1 .Z.. TOC). . 

about 40 IO ~ or lhe nrnplcs. The hiaher Type I 
enor (false poslllvu) essocialt<f with SLCs com· 
pared lo IM other values rcs11ks Ia !hi• lower cor­
rect pttdictloll by SLCs. The PEL. AE"r. and EQI' 
values correciiJ predict 1odd1y lr1 a slmilor per· 
CCIIAIC of SMiples: llowevcr. l)pc II enor (faltc 
IICtalivet) It coulslt•IIJ !lither wllh AET al>d 
EQP walun COIIIf*cd to either I'ELs Of SI.Cs. 111 
,_.,, tllcse Mll,.a ltldicalc pcdictive .wtltp 
Is sltftilar becwcca pllbllslled PEL. AET, Uti EQP 
...... : ltowevcr, llleac PEI.a lllltlllllia 1Jpe I error 
rclllllvc to SLCI aad talnlralll! 1Jpe 11-rcllllive 
10 AliT lft4 EQP Yllues. Ia lllcllllott. lhe pcdicllwe 
ability Clf these pQilsW SECa b compltlbk to 
1M rcllaiiiUC, of-SECI llllled Ia 1'IWa Z. 

TlltoiiPoallllls paper we have nalalllcd the tell· 
lbiiiiJ ....... freqtlftq or riiCftdllla llldivldal 
SEes. C111rocld n o1. (19961. 199611) and Ketnhlr, 

• '~.1~' ·• ..,'.,., -

rtl. ( 1996) evalu.eed the reliability or our ERMs 
u•lng 1 loa.ie quolient •PI'JOXh. A 1oale q-ient 
wa< calcul:~~ed rot ~ sample I>J lint divklinc the 
c"'ttenlr:lliott of Individual ebemicals by their tc· 
sptttivr ERM alld then ,...,;"1 each allhesc itt­
divldual val.a. Flttne 10 plots the relatloetlrip 
bel'"'«" 1he frcqtoenep or ERM Cl~ .... 
the sum or lhe ERM !Oak quolic:td ror IIA21 .-. 
p1cs lllina 111 ERMs tcprdltss of.,. pncn~ cor­
reel classifiHtiOII. Tile freq11CIICJ of obserweot 
todclly Ia Ulllplel ._ 111 eldler 1 - EltM 
1o1le CJiflllleal of about 10 ID 20 or 1111 ftcq~~Ct~CJ of 
ERM nccedMcel of about 3 to 7. A similar tcla­
llo•shlp It nldcat If oaly lndiYld ... ERMa -
-.J lhac comctly clluify ~e. or~ ~ oldie 
samples; llowner, a lower _......, of ERN Ill· 
cccdances or 1o- sam ERM loalc quotlcaU arc 
.-..t to coesistftltly Clllmate observed losklt). 
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