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Abstract-An import.ant early SICJ- in the aue~~oment of ecolo~;ocal nslr.s as comammaced Mtc~o ~~ lhc ~=n•na of chcm1<:al> detcetcd 
on 1M siiC to ident1fy tho!oc that consmutc a polent•al mli.. Put of thts screenina proceu 1s tht comparcson of measured ambaent 
~llltions 10 conr;enuations that arc behc!ied to be nonhautdous. termed .. bcrllchmarla.'' This arttclc duocusses 13 methods by 
wbidl bcAchnwlts may be derived for aquatic biota and presents benchmarks for lOS dlcmic:als. It then compares them with respect 
10 tbeit leMitivity. 1vailabilil)'. ma&nitudt relative to bacqround concenltlliOIIS. and CXM~«ptu&l buts. Althoulh some individual 
values can be shoWII 10 be too bip to be proteCtive and others arc 100 low to be useful for scrccllin&. 110ne of 1M approaches to 
benchnwk clerivatioo can be n:jeded without funher definitioo of what c:onsti1111C511dequatc protccum. The mOSt appropnatc sc:reenin' 
sua&eCY is to IIIC multiple bellcblllark valves along wilh backlfOUnd conc:cawtions. knowledge of WISte compoution. and phySICO· 
cllcmicaJ proprnies to identify CIOIIWIIinants of poiCSitial concern. 

Ke)'WOC'V-Bcnchmarks Ecological risk assessment Screening Cnteria 

INTRODUcnON 

An important e.vly step in the assessment of ec:oloJical risks 
posed by a ccmwninaled site is the sc:reenina of chemicals. In 
many cases concentrations will be reponed for more than 100 
chemicals. lllOSl of which will be reported as undetected at some 
defiaed. limit of detection. The assessor must decide which of 
tbe detected chemicals constitute an ecotoxieolOBical huard 
ami. because limits of detection may be too hi3h. wh1ch of the 
uadclected chemicals may pose a hazard. This scrttmng is done 
usina one or more of the following criteria. If the concentrauon~ 
are not ifeater than background 'oncentr.mons. the chemtcal 
may be ignored. If the chemtcal was not detected and the an· 

alyUcal method was judged 10 be acceptable. the chemical may 
be ipored. lf the wastes deposited at the sue are well spectfied. 
cbemiQls that are not constituents of the waste may be ignored. 
lf the chemical concentration is below conccntrauons that con· 
mtute an ec:otoxicological huard. they can be ignored. 

Use of any of these criteria depends on prior agreement 
amona the panics involved in making the risk-management de· 
cisions. The first cri;crion requires definition of the background 
concentration in a satisfactory manner. &Jreemcnt on a definiuon 
of u.c:eedence, and a11fCement that the chemical docs not elust 
m a more toxic fonn on the sne than in backrround sues [ 1). 
The second depends on agreement about the adequacy of the 
detection limits provided by the proposed analytical methods 
For example. some U.S. Env1ronmc:mal Protection Agency 
(EPA) regional offices use the Contract Laboratory Pro11ram 
Practical Quantification Limns to screen contamimmts. even 
~ cbey are higher than toxic concentrations. The third re· 
quires having good records of the wastes deposited on the sites. 
laiOalble assurance that no unrecorded releases occurred. and 
twell-dwactcrized wastes. The fourth criterion depends on def· 
ilitioa of chemical concentrations in ambient media that are 
reUably proteCtive but are not so low as 10 retain all detected 
Cbemicah. 

cal &cree.nina benchmarks. presents benchmark~ values for some 
chemicals. and compares their relative scnsitivny. Thi$ anicle 
1s limned to benchmarks for screcnina aqueous chemicals for 
their hazard \o aquauc life. Benchmarks for sedaments. soil. and 
wildlife food and water are presented in Oak Ridse National 
Laboratory (ORNL> r~poru {2-S]. All of ther-e benchmarks are 
regularly updated. and the cumnt vcrs1ons wath supponin' doc· 
umentauon c:an be found on the World Wtde Web at http;// 
w·~A-·w.hsrd.oml.g<wlecond.lccomk.html In addnson. s.creenanJ: 
benchmark~ lor some chemscab and medta are available from 
~orne EPA rea!lonal offices and other regulatory agenctc~ Br· 
cau~e the acceptabthty of screenmg benchmark~ depend' on the 
policu~~ and jud,emems or the vanous regulaton and respon· 
sthle pan.ses snvolved m n11..·management decsswns at par.tcular 
sues. thts antcle cannot state whiCh benchmarks should be u•ed. 
Rather. 11 attempu to m11i.e clear the strenalhs and weaknesses 
of alternative method• for dtnvmg benchmarks. 

The need to consider altemauve benchmark~ arises bec:au'e 
there are no nauonal benchmarks and little expencnce or con· 
~ensus on what consutute~ good screening benchmarks. The 
only \·alue~ consistently used to screen aqueous contammant$ 
tn the United States are the U.S. Nauonal Ambaent WaterQuahty 
Cntena for Protec:uon of Aquauc L1fe (NAWQC>. but they were 
noc destgned for that purpose The)' are regulatory values that 
are Intended to protect most aquauc species most or the ume 
wcth reasonable confidence [6]. Because screcmng benchmarks 
are sntended to mimmize the likelihood of screening out a chem· 
teal that is haurdous. Jn:&ter conservatism is wamtnted More 
tmponantly. NAWQC are avallablc ror only a small proporuon 
of chemicals. 

'Ibit anicle is conc:emed with the last screenin& criterion. It 
~ dilcus~U alcemati-n approaches for c:alculadiiJ ecotoXicoloai· 

Thts compilation is limited to chemicals that have been de· 
tccted on the U.S. Depanment of EnefJy's Oak Ridec Ruer· 
vation (ORR) and 10 benchmarks derived from studies of tOlliC 
effects on frc:Utwater OrJanisms. The lilt of chemicals includes 
4S metals and S6 industrial oraanic chemicals but only four 
pesticides (chlordane, dichlorodiphenyltrichloroethane (DDT). 
heptacblor. and Undalle). 
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Scrccnina benchm&rks 

METHODS FOR DERIVING BE!'ICHMARKS 

Typ~s of b~nchmarks 

The Simplest screening benchmarks are tOXICity te~t end 
points. A test end pomt is a stausucally denved numenc ~urn· 
mary of the results of a toxicity test. Test end po1nts c;Jn be 
calculated in two ways. First. a level of effect can be est1mated 

. by fitting a function such as the probu or logu to the concen-
tration-response data to derive a concentration-response model. 
Then. by inverse regression a concentration can be esuma1ed 
that causes a panicular level of effect. such as the med1an letnal 
concentration (LC501. Second. hypothesis-testing statl~uc~ c;Jn 
be used to determme whether each of the tested concentr.lllon~ 
caused an effect that was significantly different statistically from 
the controls. The lowest concentration causing ~uch an effer1 
is termed the "lowest-observed-effect concentration" CLOECJ. 
the highest concentrauon for which there were no such effects 
is termed the "no-observed-effect concentration" cNOECI. The 
geometric mean of the LOEC and NOEC 1s termed the "chron1c 
value" (CV). Since the NOEC and LOEC are tested concen­
trations. the benchmarks derived from these value~ are funtions 
of the teSt regime chosen by the toxicologist who des1gned the 
test. 

Another imponant distinction is between response-speCifiC 
and integrative end points. Conventionally. NOECs and LOECs 
are calculated for each response parameter. and the results for 
the most statisticnlly sensitive parameter are reponed. Because 
effects on populations and ecosystems are a resull of the mte­
grated effects of the toxicant on all life stages, it is more sensible 
to integrate the responses in the test when calculaung the test 
end point. Integrative end points may be simple anthmeuc com­
binations of effects such as the proportional monality across all 
tested life stages or population parameters derived from s1mple 
models such as the intrinsic rate of natural increase. r. 

BenchmarkS may be combinations of multiple test end 
points. An example is t.he chronic NAWQC, which are denved 
from at least eight LCSOs and three CVs (6). One common 
approach to combining test end poinu IS to estimate perccnule~ 
or other parameters of the distribution of the end pomts 16-81 
Finally. benchmarks may be derived by us1ng mathematical 
models to simulate an assessment end point. a; specllic envt­
ronmental characteristic that IS valued and is at nsk due to the 
contamination or disturbance that is be1ng assessed I II I For 
example. in this study we present concentrations esuma1ed to 
correspond to a 2.5% reduction in recnm abundance for large­
mouth bass (Micropruus salnroid~s) because producuon or fish. 
particularly game fish. is an assessment end pomt for ORR 
ecological risk assessments (I 0). 

Conventional aquauc benchmarh. which are based on reg­
ulatory cnteria or standard test end pointS used to denve cntena. 
are listed in Table I. Unconventional aquauc benchmarh. whtch 
are based on levels of effects on 1ntegrauve end po1nh. arr 
listed in Table 2. 

Waru quality crtltrta 

Because the NAWQC are regulatory standards m the UDIIed 
States. regulators m the Unuc:d States are likely to requ1re that 
any chemicals occumng at concentrations that exceed NAWQC 
be retamed in the risk assessment. The acute NAWQC are cal­
culated by the EPA as half the final acute value (FAV). whJCh 
is the fifth percentile of the distribution of 48- to 96-h LCSO 
values or equivalent median effective concentration CEC50) val· 
ues for each criterion chemical (6). The acute NAWQC are 
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mtended to correspond to concentrations that would cause less 
than 50% monality in S% of expasc:d populations in a relatively 
bncf exposure. They may be used as a reasonable upper screen­
mg benchmark because waste site assessments are concerned 
w1th sublethal effects and largely with continuous exposures 
rather than the lethal effects and episodic expo~ures to which 
the acute NAWQC are apphed. The chronic NAWQC are the 
Fi\Vs divided by the final acute-<:hronic rauo CFACR\. which 
~~ the geometnc mean of quotients of at lea~t three LCSO/CV 
rauos from tests of different families of aquauc organisms (6). 
It ~~ tn:ended 10 prevem s1gmficant toxic effects m most chron1c 
exposures. The NAWQC are hsted in Table I. 

Some chrome NAWQC are based on protecuon of humans 
or other p1sc1\0rous organ1sms rather than protecuon of ;~quauc 
or~antsms 11.e .. final res1due valuest. Those cmeria are not in­
cluded here because screening for mks to wildlife or humans 
IS performed by other methods. However, if sufficient data were 
avatlable to calculate a final ... hron1c value tFCV) for those 
chem1cals, 11 1S presented in place ('I( the chrome NAWQC in 
Table I. and 11.\ denvanon is noted. 

For pamcular chemacals the screenm!! benchmark could be 
lower than the chronrc NAWQC for any one of the following 
reasons. First. the chrome NAWQC arr based on a threshold 
for stausttc~' s1gmficance rather than b1ologtcal sigmficance. In 
many chrome tests the LOEC corresponds to greater than 50'1-
effect on a response parameter ( 11,12). Sc:cond. not all imponant 
responses are mcluded an the subchrontc tOXICitY tests that are 
used to calculate many chronic NAWQC. In particular. effects 
on fecundn)'. which as the most sensiuve response parameter 
on average 1n fish toxicny tests (12). are often not included. 
Tbard. the chrome NA WQC are based on the most staustically 
sensitive of the measured response parameters an each chrome 
ur subchrome test. Therefore. cumulauve effects over t.he life 
cycle of fish and rnvenebrates are not considered. Finally. many 
of the NAWQC have nor been revm:d smc:e 1980. so they do 
not mcorporate recent data thar are mcluded m the calculation 
of other bench marls The~e concerns arc supponed by the recent 
lindmg thar n1del concentrauons on the ORR that are below 
chr0n1C NAWQC are nonetheless to~1c to daphmds I 13) 

T .. rr II •·alu.-.< 

If 'r'AWQC were not ava1lable for a chemJCal. a slight van­
atlon of the T1er II method described m the EPA's "Water Qual­
~~~ Guidancr for the Great Lukes System and Correcuon: Pro· 
po.c~d Rules .. ,..as applied [ 14). Tier II values were developed 
''' I hat aquaiJC hfe cruena could be established w1th fewer data 
ttt.an are requ1red for the !liAWQC. The Tier II ,aJues presented 
'" th1s repon are concentrauons that would be expected to be 
h1~her than ':'AWQC 10 no more than 20% of cases 1f ~uffic1en1 
tr\t datn wc:re obtamed to calculate the NAWQC 

The T1er II values cqu1valent to the FAV and FCV arc the 
\econdiU'y acute values rSAVs) and th~ ~econdary chrome val· 
ue~ ISCVsl respectively. The sources of dara for the Tier II 
value~ and rhe procedure and factors used to calculate the SAV, 
and SCVs are pre~enled by Surer and Mabrey II~]. The method' 
d1ffer from :hose tn the Grear Lakes guidance (14) in two re· 
~pects. First, the Great Lake~ SAVs require an LC.50 for a daph­
nld. but that requ1rement would severely restnct the number of 
benchmnrts that could be calculated. The EPA has provided 
factors for calculatmg SAV~ when no daphntd LCSOs are ava1l· 
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Table I. Summary of conventional benchmarks ror J>riorny contam~nams on rresh water I all valuea arc !LilLI 

Tier II values Lowe51 chrome value 
NAWQ critena ~ 

Secondary Secondary Nondaphnod Aquatic 
Chemical Acute Chronic: acute value chron•c value Fl\h Oaphnids en"renebratcs plants 

·~ 
Aluminum ?SO 87 3.~88 1.900 460 

~ Ammonia pH and tcmpcratu~ I~ 630 2.400 
dependent li. .I 

Anumony 98S 104 l.bOO 5400 610 
Arsenic Ill 360 190 ~.9(>~ 914.1 ~.320 
Arsenic V 170 8 II 891 6 •4SO 48 
Barium 69.1 3.8 ~.800 
Beryllium 271 S.09 53 100.000 
Boron 11.000 ~47 8.830 
Cadmium 3.9+ 1.1+ • 015 2 
Calcium 116.CXJO-
Chromium 1.700 .. 210· 68.6 <« 397 
Chromium VI 16 II 73.2 6 132 2 
Cobalt 195 306 ::!90 ~I 
Copper 18+ 12+ 38 0.23 6.066 I 
Cyanide 22 5.2 7.8 :8.33 30 
Fluonne 19.200 1,180 •8.784 ..... 00 
lroa 1.000 1,300' 1n 
Lead 82+ 3.2+ 18 88 12.26 ~S46 500 
Mapesium 82.()()()o 
M~r~~anese 1,470 80.3 1.770 <1.100 
Mercury, ino11anic or 
toW 2.4 1.30' <0::!3 0.96 s 
Mercury, methyl 0.115 0.003 1.; '2 <004 0.8-4.0 
Molybdenum 10.100 239 880 
N'tckel 1,400+ 160+ <35 <5 128 4 5 
Pawsium Sl.()()()o 
Seleaium 20 5 883~ 91.65 100 
Silver 4.1+ 036" 0 1: 2.6 30 
Sodium 6BO,()()()o 
Saonlium 6,100 620 42,()()()o 
Thallium 164 18.0 s- 130 100 
TiR 2.680 73.7 3~ 
Uranium 3B 1.87 "14: 
Vanadium 284 1'1 l 8(' >CI-'0 
Zinc: 1:!0• 110- ~t· .t i 41\ '3 :;..~ ~43 30 
Zirconium 98~ ~q -~-~~ 

OrgomC'J 

Acenaphthene 80' :~· '. "!> fwll ... 520 -· ' \. Acetone 200.000 I 1.200 ·~(,- !W( ·:.1 14.111: 
Anthracene 0014 000!.1 •(· (o<; <~.J 
Benzene SIS ·~ ~ ~ .:~<· >llh (I()() 5~5.000 
Benzidene 69.1 3.11!> . ; '"" 
Benm(o ]anthracene 049 oo:' ·o 6~ 
Benzo(o)pyrene 0.24 O.ot~ "0.3(1 
Benzoic acid 743 41.6 "1".97(, 
Benzyl alcohol 1.050 ss "58\1 
BHC Chndanel 2.0 0.08 141!> 14.~ )3 soo 
BHC tother) 43.6 H• ·9~ 
Bis(2-ethylhex1Jphthalate 286 32.: ~.1 <~ 
2-Butanone 372.000 20.800 •:s:. 1 •c1 •I.J94.927 
Carbon disulfide 159 8.89 •9.~3~ •244 
Carbon tetrachloride 4,090 229 1.97(• 5,580' 
Chlordane ~4 0.17• 16 16 109 
Chlorobenzene :.270 1~7 ·uo3 0 15.042 :24.000 
Chloroform 3.360 188 1,24C "4.483 
DOD p,p' 0.18 0.010 .I 69 
DDT 1.1 0.04' on •o 016 0.3 
Decant 878 49 •7,874 
Di-11-butyl phthalate 2J4 32.7 717• 697 
Dibetlzofuran 365 20.4 "1.003 
1.1-Dichloroelhene 8J4 C6.6 "14.680 
1.2·Dichloroetlwle 13,500 1.100 41.364 15.200 
1.1-Dichloroethenc 3..520 196 >2.800 "4.720 >798,000 
l.l·Dichloroedlenes 558 31.2 •9..538 
13-Dichlcxopropene 459 25.6 244 •sos 4,950 
Dietbyl phthalate 3,950 220 8S,600 
Di-n-octyl phthalate 3.822 708 
~yl bertzeM 5.269 294 >440 •12.922 >438,000 

l;,,:i l. 
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~ 1 Table l. Continued 

Tier ll values Lowest chronoc value 
NA WQ critena 

) 

Secondary Secondary Nondaphnid Aquacic ~: 
Chemical Acute 

Fluonntllenc 33 6' 
HepUICblor O.S2 
Hc.une 
2·HClWIOIIC 
1 -Mctbylnaphthalcnc 
4-Medlyl·2·pencanone 
2-Methylphcnol 
Medlylelle chloride 
Naphdlalenc 
4-Nicrophenol 
N-Niii'OIOCiiphcnylamanc 
J-Ocwlone 
PCBs. cotal ::.0 

Aroc:lore 1221 
Aroc:lo~ 1232 
Aroc:J~ 1242 
Aroc:Jore 1248 
Aroc:l~ 1~4 
Aroc:l~ 1260 

1-Penranol 
l'llcnamhrene 
Phcaol 
2-Propulol 

Chrome 

6.111' 

acute value 

3.390 
1.770 

37.~ 

:.soo 
1.:!90 

~~.600 
~S3 

I.SSO 
-1~9 

6.060 

-1 S.' 
901 
0 75 
016 
0~1 

187 
6.170 

)7.1 
~.010 

41.4 
::.1-IQ 

chronac value 

0.029' 
189 
98.8 
= 08 

164 
7:.: 

:.:-'0 
:3 4 

16.~ 

:o~ 5 
338 

0 19" 
0 ~i 
0 so 
006 
001 
002 

10 s 
~ 

3 23 
117 

::31 
-118 

Fish Daphnrds anvenebratc5 planu 

30 IS 54$00 
1.26 "3.18 26.7 

"6S.712 
0 3::!.78) 

•S26 
77.400 

"489 "1.316 
108.000 •4::.661 

620 •1.163 33.000 
0 481 7.100 4.190 
•33::: "1.042 

•S.449 •tl0.147 
O.l 2.1· 08 0.1 

•6() 4.400 
"124 

9.0 4.9 300 
0.2 ·U· 3 3 
1.0 :.J• 0.8 0.1 

<1.3 
•30.493 

200 
<200 •2.005 20.000 
•s90 
~.400 9.900 136.000 I .1.2.2-Tt:lnlchlorocchane 

Tetrachloroechene 
Toluene 

998 l=s &40 750 >816.000 
2.383 JJ3 "1.269 ·2~.229 245.000 

I. I, I • Tricbloroechane 
1.1.2· Tridlloroechane 
Tricldorvethenc 
Viayl ac:ccare 

617 62.1 •).49) 1.770< >669.000 

Vinyl cbloridc 
Xylene 

6.940 
3.288 

312 
1.570 
1.540 

1.400 
351 
20.8 
8'1.8 
862 

9.400 18.400 
14.167 •7,257 

•810 
•28.879 
•6l.JOI 

• Numbcn prec:eded by • arc cstimalCI. Mechods or e5ttmauon arc descnbed an the tell!. 
+ Hanlnca dependent criterion normalized to 100 maJL. 
•111e chronic NAWQC for cbloldane (0.0043 ~~oa/L) is based on the tina! ~Stdue values. The FCV 11 used as a benchmark 10 prorec· 
•111e cbiOlllc NAWQC for DDT (0.001 ~~oa/Ll. inoraanic mercury (0.01~ ~~oa/Ll. raul PCBs (0.014 ~~o&lll. and hq)tachlor (0.0038 11 
on the final n:sidue valuer. for benchmarks to protect aqu•uc hfe. we calculated SCV&. 

• Bencllnwtcs based on tcsu that ~ not standard but arc JUdJCd 10 be of food qualn~ 
• Based Oft Ill~ acute/chronic ratios which we~ judged b)' the EPA to be too uncerutn for dcnvauon of a chron.c NAWQC but an 
mo~ reliable chan the default ratios for calculation of an SCV 

• These numbers arc FAVs and FCVs calculated by che EPA for use rn the c1envatton of ~damcnt..qualny c:ntena (~). 24] 

able, and those factors are used herein (C.E. Stephan. pe~onal 
communication). ·second. the calculation of SAVs for the Great 
Lakes requires high-quality standard LCSO and ECSO values 
Only hish-quality standard data are used in thts document tf 
such values are available for a chemical. However. when no 
such values are available, nonstandard LC50s or ECSOs are used 
if the deviation from standard methods is not expected to result 
in a higher end point value. This deviauon is jusufied by the 
use of tbe SAVs derived herein for screenmg purposes as op· 
posed to the SAVs for the Great Lakes. which are intended for 
regulatory purposes. 

EmiiiQttd lowest chrome w:Jiu~s 

When acute but not chronic toxicny data are ava 
chenucal, esumated lowell c:hron1c valul'~ for llsti 
tebrates are pocential benchmarks. Estimated chrc 
were extrapolated from 96-h LC50s using equations 

·1 
•. J 

:1 
e 

·~ 

V Lowest chrortic values 

reeresston analysis (12.16). The equauons are as follows, wbere 
LCSO " the lowest species mean 96-h LCSO for fish. EC50 rs 
th( lowest 48-h EC50 for daphnids, and CV is the estimated 
chrome value for the talon. The log·scaled 95'*' prediction tn· 
terval (Pil at the mean is loa CV ~ the PI value (95% Pis 
contain 95% or observations vs. 95% confidence imerval~. 
whach comaan the mean with 95% confidence). 

"#.0:: 

Chronic: values are used to calculate the chronic NA WQC 
and are presented in place of chronic cnteria by the EPA when 
chronic criteria cannot be calculated. Except where noted. the 
CVs for fish and invertebrates meet the EPA's standards for 
ac:ceptabiliry (6}. Because or the relative lack of data from stan· 
dud chronic: tests for aquatic plants, EPA guidelines are fol· 
lowed in using any algAl test of at leur 96-h duration and any 
bioJo&ically meaningful response for die plant values (6). 

Fash CY for a metallic contaminant: 

Joe CV • 0.73 log LCSO - 0.70 

PI • 1.2 

Frsh CY for an oraanic contemanant: 

log CV • 107 loa LCSO - l.S I 

PI • 1.$ 

(I) 

(2} 
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Table 2. Summary of ahemauvc benchmark• for pnoruy contamtnani' '" frc:•hwalc:r t>a""d on level• of 
chrontt effecu (all value:~ arc: 1'-~IL 1 

Chemtc:al 

Alumtnum 
Antimony 
Anentc Ul 
Arsenic v 
Banum 
Bc:rvlhum 
Bnn 
Cadmtum 
Cakium 
Chromtum Ill 
Chromtum VI 
Cobalt 
Copper 
Cyanide 
Fluonne 
Iron 
Lead 
M&JRCSium 
Maapnese 
Mcn:ury, inor&anic 
Men:ury. methyl 
Molybcleftum 
Nickel 
Pocassium 
Selenium 
Silvct 
Sodium 
Suoatium 
Thallium 
T'UI 
Uranium 
Vuadium 
Zinc 
Zirconium 

0rft1111CS 

Acenapllthcnc: 
Acetone 
Anlhra«ne 
Benzene 
Benzidene 
Benzo(o)anlhracene 
Benro(11)pyrenc: 
Benrotc actd 
Benzyl alcohol 
BHC Clmdanel 
BHC (olhc:rl 
BisC2 -elhylllexl )phlhalate 
2·Bu~anone 
Carbort diaulfidt 
Carbon tetrachloride 
Chlordane 
Chlorobenzene 
Chloroelhane 
Chloroform 
DDD p,p' 
DDT 
Dec:ane 
Di-fl·butyl phthalate 
Dibenzofuran 
1.1-Dic:hlomethane 
1.2-Dic:hloroethane 
I.I·Dichloroethene 
1.2-Dic:hloroethenes 
1.3·Dichloropropene 
Dielhyl phthalate 
Di.,.-oetyl phlllalate 
Ethyl bellzene 
FJUOI"IIIIhcne 

Lowell test EC20 

FISh 

4.700 
~.310 
:!.130 
uoo 
•148 

1.8 

~ .. 
5 i 

1110 
5 
5.3 

•5.336 

~2 

1.270 
0.87 

<0.03 

62 

40 
0.20 

81 

"455 
41 
47 

·~.3% 

<.: 19~ 
"161.11(>, 

0 .1~ 
~I' 

-~~~ 

>= 99 
•7.409 
·~so 

<I I 

>54 
•98:~:2 
•5.719 

b~· 

<0 ~5 
1.00~ 

6.400 
·~ 9Q 
0.3.5 

~70 

"8.219 
29.000 

"5.719 
•350 

<100 

Oaphntd~ 

540 
1.900 

6H 

0 :s 

0.~ 

<44 
0.205 

3.'06 
16 

<1.100 
0.87 
0.87 

360 
45 

25 
<0~6 

43(1 

II 

<.1 

I~ I 

500 

<11.000 

310 

Senstuvc: 
spectC:S IC:M 

EC20 

75 

OOi)' 

0.:!6 
I I~ 

0.35 

0.18 

II• 

2.60 
0.14' 

(J :: 

0 008 

Populouon 
EC:!S 

19 
1.995 

185 

21 

12l 
316 

~.911 
86 

II 
1.080 

11 

112 
0.32 
0.28 

:!IS 

0.32 

61 

21 
32 
80 

::s1 

so 
17.783 

1.000 
224 

0 71 
16~ 

~62 
0 61 

:!51 

I.S8S 
US9 

441 

<40 
1.000 
1.995 

398 
32 

G.W. Su1er II 
~· 
.. 

\, 



·U 

j; 
I 

t 
! 

I: 
l 
! 

... 

... , 
I 

Table 2. Con&inued 
·•:t">:;":·· 

' Lowes& IC.II EC20 Sctuilivc ) 

Chemical F1sh 

Hcp~achlor 0.86 
Hcxaoe "28.99.5 
2-Hcsanonc "16,1.55 
1-Melhylnaphthalcnc •sao 
4-MelhYI·2·pcnlanonc 
2-Me~hylphcnol •470 
Methylene c:hlondc 410 
Naphthalene 450 
4-Nitrophcnols "464 
N-Nicrosodiphcnylam•ne •339 
3-0clanone •).!'71 
PCBs. rout 04 

Aroc:lo,. 12:! I •so 
Aroc:lo,. 1232 0 148 
Aroc:lore t 242 <:9 
Aroc:l~ 1248 04 
Aroc:lo,. 1254 0 51 
Aroc:~ 1260 :I 

I·PcolanOI •JS.200 
l'tleundlrenc 
Pbeaol <2)0 
2-Propanol •3.5.381 
1.1.2...2-Tccrachloroethanc 1.400 
Tetracllloroelhcne .500 
Toluene <26" 
1.,1.1-Trichloroclhane •2.457 
1.1.2-Trichloroethane 14,800 
Tricldoroedlcne .5.7.58 
Vinyl ac:ecare •718 
Vinyl c:llloride •14.520 
Xylene 2.680' 

Daphnids 

>600 
5.000 

1.2~ 

110 

<-'20 
.510 

I ~'10' 

13.WO 

spec:ics 1e.11 

EC20 

0.004 

Population "'' 
EC2S ~ 

'! 

0.1 ' ·-
1.259 

31.62 
1 • .58.5 

74 
1.259 
1.000 

60 
40 

0.63 
10 
16 
1.58 
1.26 
0.63 

316 
l.S48 

4,467 
3.162 
1 . .58.5 

30 
200 
2.51 

15.849 
232 
108 

• Numben precedecl by • are esuma&es. Melhods of estomauon are dc5cribed ta lhe ICSI. 
• Study LC50s were used ralher than species mean LC50s so warer h&rdaeu WOUld correspond ro EC20 

values. 
• Bencbmllka based 011 tests lbal are not scancl&rd but are JUdlcd to be of bip quality. 

Daphnid CV for a metallic contaminant: 

log CV = 0.96 log EC.50- 1.08 

PI = 1.56 

Daphnid CV for an organic contaminant: 

log CV • 1.11 log EC50 - 1.30 

PI = 1.3.5 

Test £C20s 

(4) 

Another potential benchmarlr is the test EC20 for fish. wh1ch 
is defined as the hiahesl tested concentration causing less than 
~ reduction in the weight \lf youna fish per initial female 
fish in a life-cycle or panial life-cycle tes1 or the weiaht of 
youna per eag in an early life-stage test. A similar potential 
benchmark: is the IC$t EC20 for daphnids, which is the highesr 
tested concentration causing less than 20% reduction in the 
product of JlOWth, fecundity. and survival in a chronic test wtth 
a daplulid species. These benchmarks are intended to be indices 
of population production. 1bey are equivalent to chronic values 
in dw they are simply a summary of the results of chrome 
toxicity tests. and in most cases the same test supplied the lowest 
ch.ronic: value and the lowest test EC20. However. the test EC20s 
are baled on a level or biolocical effect rather than a level of 
swisdcaJ sipificance. and they illteJI'IIe aJI stqes or the lOX • 

1c11y test rather than treaung each response independently. The 
20% figure wu chosen because it ts a little lower than the mean 
level of effect on indiVidual response parameters observed at 
CVs, and it is a minimum detectable difference in population 
characteristics in the field (10,12). These values are listed in 
Table 2. 

Esttntllled rest £C20s for fish 

The estimated values were extrapolated from 96-b LC50 
values usina equations derived by regression ualysis (16). The 
equation is u followa. where LC50 is the lowest species mean 
96-h LCSO for fish and the EC25 for weiaht of juveniles per· 
eg& ts used u an estimate of the test EC20 value. (1be 2S'I. 
value was chosen in a prior modebng proaram u a convenience 
[ 121 and is used here because the difference between 20 and 
2.5% effect is trivial aiven the uncenamties in these estimates 
and the steepness of the concentration- response curves.) The 
loB·Sc.:alcd 95% PI at the mean IS log EC2.5 : the PI value: 

loa EC2S • 0.90 log LC.50 - 0.86 

PI .. 1.6 (5) 

These values are listed tn Table 2 for those chemicals that have 
no cmp1rical test EC20 for fish. 

SeiUiti"e s,ncies test EC20s 
The s.ixth potential benchmarlt is the EC20, adjusled to ap­

proximale the ftfth percentile of the species sensitivity disai· 
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Table 3. CompmiDM of alaenuuivc screetung benchmarks for aquatic life on &he baus of lhc number 
of dlcmicals for which cadi could be calculaled 1" l; the percenl&fC or lhoae c:llemicals for· whreh II ,..., 
lhc Iowa~ bcndullark; and lhe median. minam~>m. and mu•mum of lhe ratios of bendlmart values to 

llle c:hroaic NAWQC. The sum of percena lowtSt ~•lues •s Jfalet !han I 00 bec:ause n varies. 

Percent R.auo to c:hronlc NAWQC 
lowes! 

r.• values Med•u Minimum Maa.imum 

Cbroalc NAWQC 16 19 
Seeondary chtonic value '13 78 

rtSh c:hmaic value 
Measured 44171 6.1 2.~~ 0.~~ 18~.50 

Estimated 31 0 

Dapbnid c:hronic value 
Meuurecl 43!61 4.2 0 5b 0.02 181.25 
Estiawed 2~ (l 

NODdaphnid anvencbrate chronic value II (II c 641 0.5 147.66 
Aquatic: plan! value 37 (4) 0 :!.38 0.03 6.2SO 

rtSh._EC20 
Measured 38 CIOI 13 1.14 0.39 54.02 
Eaimaced 29 0 

Dapllaid test EClO 29 (9) 8.1 0.70 0.02 137.50 
Sallklve species tea EC20 17 71 0.11 0.01 2.9-t 
Popalatioll EC25 70 8.7 3.02 0.60 28.73 

• Numbers in paeallleses are the number of additional benthmarlts of lhe 1ype dw were denved but are 
DOt always useful because !hey are > or < values. 

bation.lt is c:alculared ill rhe same way as the chronic NAWQC, 
accpr cbar dJe testEC20a are used in place ofCV s, and saltwater 
species were DOl iDcludecl. Tbe FAV calculated for each of the 
aitcrioa c:hemic:als by the EPA was cli\ided by the aeomttrit 
maa of ratios o( LCSOs to EC20s. These benchmarks are re· 
feaed to as seasidve species (SS) test EC20s and are listed in 
Table 2. 

Population EC2Ss 

The last potential bencbmark is an estimate of the contmuou~ 
CODeemration that would cause a 2511- reduction in the rccrun 
ablnKiaDce of Jartemoulb bass. The melbod used was described 
by Bamcbouse et aL ( 17) and is briefly summarized here. Th~ 
recnm abundance eslimaaes are Jenented by a matrix model of 
a reservoir larremouth bass population 1 18). The fecund!!}. 
lwchiq suc:cess, larval survival. and postlarval survival of the 
IIIOdel populaticm are each de<:remcl\led by a value generated 
from aacistic:al extrapOlaliaG models. For each life s&aJe for 
wbidl a concemradOA-I'elpOIISe relatioosbip could be calculal· 
ed. dial madonship was adjusted for the relativr sensitivity of 
the test species and the bass. Por those life staJeS w1th no 
COilCelltralion-response relationship. the relationship was esti­
mated U$iDJ life--ap-to-life·staae exvapolation models. and 
dt!e taxonomic acijasfment was made. However. if the authors 
of lbe study reported that life stqe was unaffected, the dec· 
remeat for that life Rap was set to zero. lf no chronic tesl da11 
wen available, uuapolatioas from LC.SOs to chronic responses 
of DCb life Jtqe were performed. Uoeenainties in all of these 
uuapolalions were propaptecllbroup the models to aenerate 
e&dmales of UIICenaiDty. For eacb c:hemic:aJ, each available 
frelllwarcT fish cbtoaic tell was used to pallll'leterize a model 
naa. liDO chroaic: test data were available. each available fresh· 
water ftsh LC50 was used to parameceriu a model run. The 
ftiSUbl are preseafed i.D Suter aDd Mabre)' I 15). The aeomeuie 
111a11a of all popu1alioa EC2S estimates for each chemic:aJ is 
repcncl in Table 2. 

COMPARISON OF BENCHMARKS 

Benchmarks can be (Omparecl on lbe buis of the number of 
chemicals for wtuch they can be clerived. their sensitivity rei· 
alive to each other and relative to the NAWQC, the frequency 
wnh which they are lower thaD bacltpouncl concenuations. and 
their appropriateness u eStimate$ or the threshold for aquatic 
effects. Note thll the tenn seasativny is used here to indicate 
tht relalive maennudes of the types of benchmark~. wherea5 
lht renn conlien·ausm 1s used to indicate whether the benchmark 
coma•ns ufety factors or other model assumplions that wert 
rmended 10 make 11 more r.ensJtive than a d1rec1 esumaae of the 
threshold for IOiliC effects. Frequencies of availability of each 
bcncltm&ri.:, th~ frequenc~ wub which each JS the most SCI151tiv~ 
benchmark. and their marnrtudes relative to the NAWQC are 
pr~semed '" Table 3. 

Thr relauve utillly of the benchmark~ Is detennaned in larae 
p111 by their availabilily. At least one benchmark could be de· 
nved for 92t, of the I~ chemicals reviewed. The NAWQC 
and 1he SS test EC20 values are available for relatively few of 
the chem1cah detected on the ORR (15 and 16~. respectively) 
because they requtre larJe data se!S. The situation is partic:ularl y 
bad for OrJanic chemJcaiJ; only 6t, have NAWQC. The Tier II 
\"alue~ are available for most of the chemicals (88%) because 
they eacb require only a sinele l.CSO or ECSO. For the same 
reason. if estimated values are included, the CVs for tish and 
daphnrds a11d ti'o~ test EC20s for fish are available for moSI 
chemicals However. if estimated values are excluded. fish and 
daphnid CVs are available for only 49 and 47% of chemicals, 
r~specuvely. This lack of information concerning chronic tox­
icity is disquletinJ JiVCD that estimaaes of chronic effects from 
acute effecuc are hiJhly imprecise (Eqns. 1 throuJh 4). 

Only 19% of the chronic NAWQC for protection of aquatic 
life are the lowest bencbmark for these chemicals. This result 
was expected. Jiven the cbaracterislics o( the criteria discussed 
previously. 

Fi 

PI 

Fis 

. .; .. , .:;;: ': 
... ~~~··. 



Screaiaa benchll\llb 

1WIIe 4. Frequency of valuea of cac~tic: &ci'Hnina benchmark 
eaceedcd by lhe to&al concenttations of metal& u INic:karound sices. 

mall of 10 W"IICOIISin riven. and one uncon&aminaled swam on the 
Oak Rlda• R.elcrv&nion fl.$. 26). Ra&&os· arc lhe number 01 cheintc:als 
wilh bac:kJround c:onccnttations exc:eedinslhe benchlllltk over &he 
number of chemials for whtch benchmark values were antlable. 

Hardllas-clependenr cri&eria were conecrcd for sice·spccilic hardness 
for lhe Melton Bnmch comparisons. and a default hardneu of 100 

mcJL was used for lhe Wisconsin riven 

Wi•-
cons in Mellon 

Benchmark rtven Branch 

Chronic NAWQC liS 114 
Secondary chronic ,-alue Ill 318 
Fish lowest chronic: value 116 016 
Daphnid loweS! chrome: value Zl6 3/12 
Nonclaplmid invenebr.llc lowes& chronic value 013 Oil 
Plan& values 016 li3 
Fish EClO 116 016 
Dapbnid EClO Z/4 218 
Sensilive species EC:!O Sl6 213 
l'oplsmioa EC25 liS 114 

Secondary chronic: values are the lowest benchmark for 78'l 
of the chemicals for which they were calc:ulaled. This sensitivity 
was ROl surprising given the goal of lhe method of ensunnJ 
with 110% confidence that these values would not exceed lhe 
NAWQC. However. the relative sensitivity of the ner n values 
declines as the number of acute and chronic: test data that were 
used to aalcularc them increases. so they are highly sensitrve 
for cbemicals that have been least tested but are hardly more 
sensitive than NAWQC for chemicals that lack only one or two 
of the test end points required for derivation of NAWQC. Note 
that these two benchmarks are never compared because ner n 
values are derived only when there are no NAWQC. 

Fish CV s were available for 42-. of the I OS chemicals. daph· 
nid CVs for"41Cil, nondaphnid invenebrate CVs for 10... and 
plants values for 3S%. Chronic: values are intennediate in thetr 
sensitivity. In general. CVs for daphnids are lower than the 
others. On average. the lowest CVs for fish are more than tw1ce 
the NAWQC. while lhe lowest CVs for daphnids are appro~ti· 
mately half (Table 3). The sensitivity of daphnids has been 

r) 

..:. 
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documented previously (19). However, for 16 c:bemic:als the 
lowest fi&.b CV was lower than the lowest daphnid CV (not ~ 
mcluding estimated values). ·Estimated CVs. CVs for nonda- ·,; 
phmd mvenebrates. and plant values were never the lowest .;.. 
benchmark for thiS SCI of Chemicals. ;5 

The :est EClO values differ from the other po&ential bench· •· j 
marks '" that they represent an observed and specified effect. -
All other benc:hm:uk.s are estimated usina models (population ~ 
EC:!.Ss. estimated CVs. and test EC20s), correspond to no par. " 
trcular effect CCVs and NAWQC). or are both estimated and -; 
correspond to no pamcular effect CSCVs). However. test EC20 
"alue5 i.lre not very sens111ve. being the lowest benc:hmarlt for 
only 8. 7,. of chemtca:: and averaJtng three times the NAWQC. 
However. the test EC:!O value~ are lower than the CVs for the 
same l:lll:l '" 62.5 :~nd 82'il- of cht>mic:als for fish and daphnids. 
respccuvely Th1s result is expected given that the test EC20s 
1ntegrate across life stages but the CVs do not. 

The SS test EC20 values are qutte sensitive. These values 
are on average II~ of the NAWQC when both could be cal­
culated. They are equivalent to the NAWQC but use intearative 
chrome test end pomts. 

The population EC25 values differ from the other pocemial 
benchmarks in that they represent a specified effect on a fteld 
populauon. Although they are the lowest benchnwtcs in ap­
pro~tlmately lhe same proponion of cases as the fish CVs and 
EC:!Os C8.7~). on average they are three times the chronic: 
NAWQC. 

A benchmark lhat frequently sugests that there are hazards 
to aquall< life from chemicals occ:urrina at backpolmd lewis 
would not be useful for screening. There is no hiah-quality data 
set of national background water concentrations apiut wbiciJ 
the benchmarks can be compared. Therefore. we compan:d the 
bc!nchrnarks 10 aqueous COnc:ctltrations Of six metall It t.cJt. 

· lf'Ound sites in I 0 Wisconstll rivers and of 12 metals in aauum 
used as a bac:kJround 1atc for die assessment of a c:oDWJiilwed 
stream on the ORR CTable 4). These studies used clean sampUna 
and analysis techniques to avoid lhe inflated backpouad mceal 
values reponed in some studies [20). The benc:lunatb are com­
pared to total metal concentrattons rather than dissolved con­
c:entrauons because toral concentrations are required by the EPA 
reatonal ortices The frequencies ol exceedeoce by bacltgrouod 

Table $. MaJor s1rcnallu and wukneuca of lhe alcemauve benchmarb 

Benchmark 

Chronic NAWQC 

Secondllry chronic value 

Fish. claptlnid, and nondaphntd mvenebratt lowe•• chrome 
values 

Plan! valuu 

Fish And daphnid EC20s 

Sensitive specitl EC20 

Population EC25 

Always accep&able 1n the Unned Stares 
Seldom below bacqround 

A\'ailablc for many chemttal~ 
Conservauvc 
Conven&oon&J 
Seldom below backaround 
Rcasonably senallt"c if n onclude• daphnod 
Covers an ec:oJottwly tmponanr aroup 
Population func:rional effccl 
Seldom bc:lo"' tJ.ckaround 
Reasonably .enlitt ve 
Buecl on specified effcc1• 
SeiOotrl below tJ.cqround 
Based on specified effect 

Available for many chemicals 
Sued on specified populauon effea 

Available for few C:hemiWI 
N01 conservative 
N01 sensitive 
Based on stausuc:al "lnillc:anct 
Often bc:lo111 backJrOUnd 
Bued on SIIIIIIIW ll&nillcanc:e 
N01 conservauve 
Based on stattshcal si&nif\cance 

NO! conservau ve 
Seldom SCRSIII ve 
Inconsistent 
Unconvenuonal 
Nol CORIICr\'1\iVe 

Unc:onven&ional 
A vailablc for few chemicals 
onen below bac:kJrollnd 
Hi1hly unconvcnlional 
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"--of the different benchmarks are qune variable" However. all 
benchmarks except the nondaphnid invenettrate cv~ I of wh1ch 
there are few) were lower than background for some metal~" 
The SCV and the SS test EC20 were lower than background 
relatively frequently. This result reinforces the need to screen 
aaainst bac:kpound as well as against ecotoxicfllogical bench· 

maru. 
A final consideration in evaluating the benchmarks is thetr 

quality as representatives of the actual threshold for toxicny to 
freshwater aquatic life. None of the benchmarks are ideal m 

that regard. Most are based on thresholds for statisucal stgmf · 
ic:aace rather than biological significance:" All of the esumated 
CVs and EC20 values and most of the SCVs and populauon 
EClSs are based on acute test end potnts which esumate chrome 
end points with more than order or magnnude of unccnamr~" 
AU but the population EC"..S are based entirely on organism· 
level respoases in the laboratory, but the extrapolation modeb 
required to estimate the response: of a bass population in the 
field make the lOtl1 uncertainty in the population EC25s qune 
larp because none arc based on ccntrarehid life-cycle tests (21 ). 

CONCLUSIONS 

AD of the types of benchmarks considered have advantages 
and drawbacks (Table 5). Just as there is no consistently most· 
or least~tive toxicity cest. none of these benchmarks are 
coasistclldy too sensitive or inadequately sensitive. The types 
of bellc:bmarts iD Table 1 have all been used or proposed for 
some pmpose by some component of the EPA. but none have 
bea adopled as screeoin& benchmarlcs. and only the NAWQC 
ue eafon:ed. 'Ibe bellchmartts in Table 2 have no suppon from 
the IWional EPA but arc more biologically and ecologically 
based. This set of benchmarks is presented here to show how 
tbc choice of mctbod for calculating benchmarks can intluence 
tbeir sensitivity and utility and 10 encourase more considcrauon 
of akcmauvc methods for deriving benchmark~" It ha~ evolved 
through the experience gamed in performmg scrcc:nmg asse~~· 
menu for the ORR and through d1scussion~ wtth rc~ulator~ 
CuiTCIItly. all of the benchmarks are used for scrcemng con· 
Wllinanl$ of potential concern for aquauc life on the ORR altln~ 
with backJround concentnmons. mformalion concemmg con" 

taminanl$ released by the: US Depanment of Ener~y" and e'ai­
uation of the abundance and quality of the 8\"Bilablc analyucal 
data {22]. Before using any of these benchmarks for screcnmg 
purposes at other sices. concui'Tence of the relevant regulators 
should be sought. 

None of these benchmarks should be assumed 10 consutute 
thresholds for significant effect$ at mdivtdual sites for purpo~e~ 
of estimating ecological baseline nsk~ or defmms remed1al 
goals. Risk estimation should be based on wet~ht of cvtdence. 
Including knowledge of the cond111on of the aquauc communn~ 
in the receiving water. lnterpret.111on of laboratory to).tcnv data 
should be more intensive than 10 ~creenmg as~essment~ .md 
should include constderauon of mode of acuon. temporal van· 
anc:e in exposure relative to toxicok.meucs. chemical spec1auon" 
and bioavailability. 

Acbltlwltdt*-ru-M.A" Futrell. G.A. Kerchner. and J.B Mabr~~ a,. 
silled wilh licerature searchinc and calc:ulauon of benchmarks B.E. 
Sazaplc. D.S. Jones. and two anonymous ~v1ewers provided helpful 
-IS. This research wu sponsored by the Office of EnvtronmeniJII 
Relloralioa and Wure M11111gement. U.S. Depanment ofEnerJ:y. under 
_. DE-AC05-8401UI.COO with Mantn Manetta Enern Sy11em•. 
lac. Public:aliotl "-47S. Environmental Sciences Division. Oak Ridar 
NDIMJ l...aboralory. 
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