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PREFACE

The purposc of this report is 1o present and analvze allernate toxicological benchmarks for
sercening chemicals for aquatic ccological effects, This work was performed under Work Breakdown
Structure 1.4.12,2.3,04,05.04 (Activity Data Shect 8304, “Technical Integration—Risk Assessment™),
Publication of this document meets a milestone for the Environmental Restoration (ER) Risk Assessment
Program, Sincc the prior cdition of this report (Suter and Mabrey 1994), both the U.S, Environmental
Protection Agency Ofice of Solid Waste and Emerpency Response and EPA Region [V have developed
scts of screening benchmarks for water,  This report includes those values and updates the othe ¢
benchmarks that were presented in the last edition.
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EXECUTIVE SUMMARY

Onc of the initial stages in ccological risk asscssment of hazardous waste sites is the sereening of
contaminants to determine which, if any, of them arc worthy of further consideration; this process i §
termed contaminant screcning. Screening is performed by comparing concentrations in ambient media
10 benchmark concentrations that are cither indicative of a high likelihood of significant effects (upper
serecning benchmarks) or of a very low likelihood of significant cffeets (lower screening benchmarks),
Exccedance of an upper screening benchmark indicates that the ¢ hemical in question is clearly of concern
and remedial actions are likely 10 be needed. Excecdance of'a lower sereening benchmark indicates that
a contaminant is of coneern unless other information indicates that the data are unrgliable or th e
comparison is inappropriate. Chemicals with concentrations below the lower benehmark are not o ff
concern if the ambient data are judged to be sdequate,

This report presents potential screening benchmarks for protection of aquatic life from
contaminants in water. Because there is no guidanee for screening benchmarks, a sct of alternativ ¢
benchmarks is presented herein,  The alternative benchmarks arc based on ditferent ¢oncepiua |
approaches to estimating concentrations causing signifi cant effects. For the upper screening benchmark,
there are the acute National Ambient Water Quality Criteria (NAWQC) and the Secondary Acute Values
(SAV). The SAV concentrations are values estimated with 8% confidence not to exceed the unknown
acute NAWQC for those chemicals with no NAWQC, The alternative chronic benchmarks are the
chronic NAWQC, the Secondarv Chronic Value (SCV), the lowest chronic values for fish and daphnids,
the lowest EC20 for fish and daphnids from chronic toxicity tesis, the estimated EC20 for a sensitive
specics, and the concentration cstimated to cause a 20% reductio n in the recruit abundance of furgemouth
bass. It is rccommended that ambicnt chemical concentrations be compared to all of these benchmarks,
1f NAWQC arc excceded, the chemicals must be contaminants of concern because the NAWQC ar e
applicable or relevant and nppropriate requirements (ARARs), I'NAWQC are not exceeded. but other
benchmarks arc, contaminants should be selected on the basis of the number of benchmarks exceeded
and the conservatism of the particular benchmark values, as discussed in the text.

To the extent that toxicity data arc available, this report presents the alternative benchmarks fo ¢
chemicals that have been detected on the Oak Ridge Reservation, [t also presents the data used to
calculate the benchmarks and the sources of the data. 1t compares the benchmarks and discusses their
relative conservatism and utility.

This report supersedes a prior aquatic benchmarks report (Suter and Mabrey 1994), It adds two
new types of benchmarks, It also updates the benchmark values where appropriate, adds some ne w
benchmark values, replaces secondary sources with primary sources, and provides more complet ¢
documentation of the sources and derivation of all values.
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1. INTRODUCTION

An important carly step in the assessment of ccological risks posed by a contaminated site is the
screening of contaminants, In many cases, concentrations in water will be reported for more than 100
chemicals, most of which will be reported as undeteete d at some defined limit of detection. The asscssor
must decide which of the detecied chemicals con stitute an ceological hazard and which of the undeteeted
chemicals may pose a hizard at concentrations below the reported detection limits,  This screening is
donc by comparing the reported concentrations to toxicological benchmarks. [f concentrations of a
chemical exceed its benchmark for a particular medium, then it is worthy of further measurement and
assessment. I not, it can be ignored (assuming that the analytical data are adequate),

In practice, a serics of benchmarks of differing conservatism may be used. Exceedance of an upper
screcning benchmark would sugpest a severe hazard and a need for urgent action. Nonexceedance of all
lower screening benchmarks would suggest no hazard. Exceedance of an increasing number o f
benchmarks would constitule increasing evidence of the need for measurcment and asscssment, | n
addition to providing a better indication of the magnitude of the hazard, the use of multiple benchmarks
provides information about the nawre of the hazard which can be used in development of the conceptual
model and in planning the Remedial Investipation (RI). For example, is the chemical at concentrations
that are toxic to only daphnids, to daphnids and fish, to fish and aquatic plants, cte.? Arc they at
concentrations that have been demonsirated to be toxic or do they exceed only benchmarks that include
conscrvative [actors?

The purposc of this report is to present and analyze alternate toxicological benchmarks fo r
screening chemicals for aquatic ecological effects, Since the prior edition of this report (Suter an d
Mabrey 1994), both the U.S, Environmental Protection Ageney (EPA) Office of Solid Waste and
Emergency Response (OSWER) and EPA Region [V have developed sets of sereening benchmarks for
water, This report includes those values and updates the other benchmarks that were presented in the
last cdition.

This compilation is limited to chemicals that have been detected on the Oak Ridge Reservation and
to benchmarks derived from studies of toxic effects on [resh water organisms, The list of chemical s
deteeted on the Oak Ridge Reservation includes 45 metals and 105 industrial chemicals. Only fou r
pesticides oceur on the list, and thosc are persistent and wide-spread (chlordane, DDT, heptachlor, and
lindanc).

2. METHODS FOR DERIVING BENCHMARKS

2.1 TYPES OF BENCHMARKS

The simplest screening benghmarks arc toxicity test endpoints. A test endpoint is a statisticall v
derived numeric summary of the results of o toxicity test, Test endpoints can be caleulated in two ways,
First, a level of cllect can be estimated by fitting a function such as the probit or logil to the
concentration-response data to derive a concentration-response mode!. Then by inverse regression, a
concentration can be estimated that eauses a particular level of effect such as the median letha |
concentration (LCS50). Sccond, hypothesis Lesting statistics can be used to determine whether cach of
the tested concentrations caused an effect that was statistically significantly different from the controls,
The lowest concentration causing such an cffect is termed the Lowest Observed EiTect Concentration
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(LOEQC): the highest concentration for which there were no such effects is termed the No Observed Effect
Concentration (NOEC). The geometric mean of the LOEC and NOEC is te rmed the Chronic Value (CV)
and was formerly termed the Maximum Acceptable Toxicant Concentration (MATC).

Toxicity tests arc conventionally divided into acute and chronic tests. Standard acute aquati ¢
toxicity tests arc 48 or 96 hours in duration and usc juvenile or adult organisms; the test endpoints arc
the median lethal coneentration (LCS0) or median effective concentration (ECS50) for death or som ¢
cquivalent cffeet (¢.g., immobilization). Standard chronic tests include all or most of the lifecyele of the
test organisms, and they include observations of growth, deformitics, and reproductive success as well
as lethality, The standard endpoint for chronic tests is the CV.

Another important distinction is between response-specific and integrative  endpaints .
Conventionally, NOECs and LOECs are caleulated for cach response parameter, and the results for the
most statistically sensitive parameter are reported. Because effects on populations and ccosysiems are
a result of the integrated elTeets of the toxicant on all life stages, it is more sensible to intcgrate th ¢
responscs in the test when calculating the test endpoint. Integrative cndpoints may be simple arithmetic
combinations of cffects such as the proportional mortality across all tested life stages or populatio n
parameters derived {rom simple models such as the intrinsic rate of natural increase, ».

Benchmarks may be combinations of multiple test en dpoints, An example is the chronic NAWQC,
which arc detived from at least cight LCS0s and three CVs,

Finally, benchmarks may be derived by using mathematical models 1o simulate an asscssmen t
cndpoint, a specific environmental characteristic that is valued and is at risk due to the contamination
or disturbance that is being assessed (Suter 1989), For example, in this study we present concentrations
estimated to correspond to a 20% reduction in recruit abundance for largemouth bass ( Micropterns
salmotdes) because production of fish, particularly game fish, is an asscssment endpoint for Oak Ridge
Rescrvation ecological risk assessments (Suter ct al. 1992).

Conventional aquatic benchmirks, which are based o n regulatory criteria or standard test endpoints
used to derive criteria, are listed in Table 1. Unconventional aquatic benchmarks, which are based on
levels of effects on integrative endpoints, arc listed in Table 2,

2.2 WATER QUALITY CRITERIA

The National Ambient Water Quality Criteria (NAWQC) are appl icable or relevant and approprale
requirements (ARARS); therefore, they provide the basis for the screening benehmarks for contaminants
inwater, The acute NAWQC are calculuted by the EPA as half the Final Acute Value (FAV), which is
the fifth pereentile of the distribution of 48+ to 96-hour LCS0 valucs or cquivalent median cffectiv ¢
concentration (EC50) values for each criterion chemical (Stephan et al. 1985). The acute NAWQC are
intended to correspond to concentrations that would causc less than 50% mortality in S% ol exposc d
populations in a bricl exposurc. They may be used as a reasonable upper screening benehmark because
waste site assessments are coneemed with sublethal effeets and largely with continuous exposures, rather
than the lethal efTeets and cpisodic exposures to which the acute NAWQC are applicd. The chroni ¢
NAWQC arc the FAVs divided by the Final Acute- Chronic Ratio (FACR), which is the gcometric mean
of quotients of at least three LCSO/CV




Table 1. Summary of conventional benchmarks for priority contaminants in fresh water (all values in micrograms per liter)

NAWQ Criteria Tier 1 Vakaes Lomest Chrocke Vatee for:
(hemical .
Acute Chronle Secondary  Secondary F:h Daphaids Non- Aquatic A8 Organ-
Acute Chreale Daphnid Flants ksms
Valoe Valse Inverte-
Brates
Akrrinem 750 87 3288 1,560 40 450
Ammocia pH odtanperatire 1.7 630 2,400 1.7
dpendat
Argumony 130 ki g 1,600 5400 610 610
Ancric 1 350 190 2982 914t 2320 9141
ATV 23 3t 832 *450 43 43
Barium i 40
Beny Mium 35 056 *57 53 100,000 53
Boron 3 16 8330 3,830
Cadxnhum 39+ Lt 1.7 0.1s 2 0.15
Cakiun 116,000 116,000
Ctromiunm [l 1,700+ 210+ €363 <44 397 <44
Chromiea VI 16 il .13 6.132 2 2
Coebak 1500 3 230 31 31
Copper 18+ 17+ kS 4 o 6056 1 013
Cyaride 22 52 73 1833 30 13
fron 1,000 1,300 138 158
Lead 32+ 32+ 13.32 1226 2545 00 1226
Litkium 260 14
Magresun 32,009 82,000
Magenese 2350 120 1782 <1,160 <1,100
Meroury, naeganic or tota) 24 137 <023 095 5 <0.23
Moeroury, medhyl 0093 00018 0352 <003 08-10 <004
Mohbdrnum 16000 370 233 $30
m.,”.umlw »
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Table L. (continued)

NAWQ Criteria
Chemical
Acufe Crronke

Theell Yakies

Seccndary Secondary
Acute Chronke
Valce Valae

Lowest Chronle Valae for:

Daphnids Noa- Ageatic
Dapheld Flants
Inverte-
brates

ANOrgan-
ks

L2-Dichlkorocthene

13- Dichloropropene
Dickirin

Diethy ! phrhalate
Di-n-octyl phehalate
Endosulfaa, 2Nl isomery
Fndin

Ethyi benrene
Fhorathene
Floxene

Heptachlor
Hevchlorocthane
Hexane

Z2-Hexxmone
Mokovychlor
I-Methynpbihalae
4 MMy F2-pertanone
2-Methyphenol
Methylene chlorde
Naphihakne
$-Nitroghenol
N-NitrosoSphem lanine

1,100 5%0
09 0.053

*65,712
*32,533

1292
15

*65,712
*31,783

2-Ovtanone
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Table L. (continued)

NAWQ Criterta Ther 11 Values Lowest Chronlc Vatue for:

Acute (hionke Secondary Sccondary Daphaids Nea- Agquatic
Acute Chrondc Dapkaid Plirts
Valae ¥i.1 Iaverte-
brates

FCBs total ors 0os
Arockx 8 1220 . 013

Arxiork 1232 0358
ArockrT 1242 0033
Arechrd 1243 . 0081
Arxtor 1254 0.033
Arxlor S 1260 94

Pectuhboobenzene 047

1-Pentanot 110

Freranthrens

Fhaool

2-Fyopandl

1,122 Tetracklorocthane

Tetrahlorocthene

Tetractlorxmethane

Toluene

Tridvomomethane

1,2, 4 Tadlorcdenzene

LE LTt krocthene

1,1.2-Tricklorocthane

Frickkorocthene
Tl acetote

Xikne

m-Xykne
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Table 2, Summary of alternative benchmarks for priority contuminants In fresh water bused
on levels of chronic effects (ull values In micrograms per liter)

Lowest Tent EGy fur:

M2 » (OO « G FoEy

Senyitive Populntion
Chemicul Specles Test ECyy
Fish Duphnlids ECyy

Aluminum 4,700 540 75
Anlimony 2310 1900 79
Anmcnie 111 2,130 633 55 1995
Armsenic V 1.500 932 18§
Barium
Beryltium *|d8 kR | 21
Boron 7,000
Cadmium 1.8 0.75 0013 4.3
Calcium
Chromium 111 %9 8.4 136
Chromium V1 51 0.5 0.266 316
Cobalt 810 i 394
Copper § 0.205 0.26 8.0
Cyvanide 5.3 1.17 1
Fluorine *5.336 3,706 1,080
Iron 16
Lead 22 0.35 T
Magnesium
Manganese 1,270 <},100 112
Mercury, inorganic 0.87 0.87 0.18 0.32
Mercury, methy! <0,03 0.87 0.28
Molybdenum 360
Nickel 62 45 AN 215
Potassium
Sclenium 40 =5 2.60
Silver 0.20 <0.56 0.14° 032
Sodium
Strontium

Thallium Rl 6l 67




Table 2, (lc?mllnued)
Lowest Test EG, for:
Sensitive Pupulation
Chemicen) Species Test ECyy

Fish Duphnids ECy0
Tin
Uranium *455 27
Vanudium 41 430 K
Zinc a7 21 H0
Zirconium *2.396 251

Qrgunics

Acenaphthene <197
Acctone *161 867 23,714
Anthracene *0.35 »R.2
Benzene 21 229
Benzidene =158 64
Benzo(a)anthracene
Benzo(n)pyrene =3.99
Berwoie uecid *7,409 1,259
Benzy! alcohol *550 375
BHC (lindane) <11 1 0.11
BHC (other)
Bis(2scthylhexyphthalate =54 3 50
2.Butanonc *08,772 17,783
Carbon disulfide *5719 1,000
Curbon tetrachloride G5 224
Chlordune <025 12.1 0.50 0.7
Chlorobenzene 1.002 . 168
Chlorocthane
Chloroform &,400 562
DDD pp' *3.99 0.6}
DDT 0,35 0.008

PDecane
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Table 2, (continued)

Chemicsl

Luwest Test EGy, for:

Di-n-butyl phthalate
Dibenzofurn
1.1-Dichloroethune
1.2-Dichloroethane
1,1-Dichlorocthene

1 2:Dichlorocthencs
1,3-Richloropropene
Dicthy! phthalnte
Disneoctyl phthalate
Ethy| benzene
Fluomnthene
Heptnehlor

Hexane

2-Hexanone
1-Methylnaphthalene
4-Mcthyl-2pentanone
2-Methylphenol
Methylene chloride
Nephthalene
4-Nitrophenols
N-Nitrosodiphenylamine
3-Octanone

PCBs total
Aroclor® 1221

Aroclordd 1232
Aroclor®d 1242
Aroclor 1248
Aroclor®o 1254
Aroclor® 1260

{+Pentanol

Sensitive Populution
Species Test ECy,
Fish Daphnids ECay
270 500 251
*8.219 1,585
29,000 <11,000 1,259
447
*5,719
*350 40
1,000
<100 3o 1,995
398
32
0.80 0.004 0.1
*2K,995
*16,155 1,259
*500 62
1,585
*470 74
410 =59
450 >600 1,000
*464 5,000 60
=339 40
=3571
0.4 1.2 0.63
*X0 10
*ldR 16
<29 1.58
04 25 1.26
0.52 1.2 0,63
2l 316

*15,200 3.548
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Table Z (continued)

Lowent Test ECy, for:

Sensitive Populution
Chemical Speciex Text ECy
Fish Duphnids ECyy

Phennnthrene 110
Phenol Q0 4,467
2sPrapanol *35381 162

1122 Tetruchloroethane 1,400 <420 1,585
Tetruchloroethene 500 510 50
Toluene <26 200
1,1.1-Trichloroethane *2,457 1,300 251
1,12 Trichloroethane 14,400 13,000 15,849
Trichlorocthene 3758 a3
Vinvl ucetate 718 108
Xvlene 2680

Notes:
® Numbem preccded by * are estimaten, Mcthods of estimation arc described in the text,
* Study LCSO's were used ruther than species mean L5048 wo water hardness would correspond to 15C20 valuey,

ratios from tests of different families of aquatic organisms (Stephan ¢t al. 1985). It is intended Lo
prevent significant toxic effects in chronic exposures and is used in this assessment as one possible lower
screening benchmark, The NAWQC are listed in Table 1.

NAWQC for several metals are functions of water hardness; the eriteria are lower for lowe r
hardness levels, The eriteria for 100 mg/L. hardness as reported by the EPA are presented in this report.
That hardness is ncar the lower end of the range of hardness values reponied for the Onk Ridg ¢
Reservation, so it is moderately conservative, For sites with difTerent water hardnesses, site-speeifi ¢
critcria should be calculated. The formulas for hardness correction arc listed in the discussions o f
individual chemicals,

Many readers will note that the EPA's compilations of NAWQC contain valucs for many chemicals
that have no NAWQC listed herein (EPA 1986h); the EPA lists lowest CVs for those chemicals lo r
which there is not enough data to calculate a criterion but for which there is at lcast onc CV, Lowes t
CVs are treated as a separate category of benchmarks in this compilation,

Some chronic NAWQC arc based on protection of humans or other piscivorous organisms rather
than protcetion of aquatic organisms, Those eritcria arc not included herein because sereening for risks
to wildlife or humans is performed by other methods, However, if' sufTicient data were available Lo
calculate a final chronic value (FCV) for those chemicals, then the FCV arce presented in placc of th ¢
chronic NAWQC in Table I, and its derivation is noted.

For particular chemicals, the lower scrcening benchmark could be lower than the chronic NAWQC
for any onc of the following reasons. First, the chronic NAWQC are based on a threshold for statistical
szgmﬁcancc rather than biological significance. In som ¢ chronic tests, because of highly variable results,
the statistical Uireshold corresponds 1o grenter than 50% cffect on a responsc
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parameter (Stephan and Rogers 1985, Suter ct al. 1987). Sccond, not all important responscs ar ¢
included in the subchronic toxicity tests that are used to caleulate many chronic NAWQC, In particular,

cffects on fecundity, which is the most sensitive response parameier on average in fish toxicity test s
(Suter ct al. 1987), arc often not included. Third, the chronic NAWQC are based on the most
statistically sensitive of the measured response parameters in cach chronic or subchronic test. Therefore,
cumulative effects over the lifeeycle of fish and invericbrates arc not considered. Fourth, the NAWQC

arc sct at a level that protects "most specics most of the time." Finally, many of the NAWQC have not

been revised since 1980 so they do not incorporate recent data that are included in the calculation o {
other benehmarks, These concems are supported by the reeent finding that nickel concentrations (on the

Ouk Ridge Reservation) that arc below chronic NAWQC are nonetheless toxic 1o daphnids (Kszos et
al. 1992),

2.3 TIER Il VALUES

I'NAWQC were not available for a chemical, the Tier 1 method deseribed in the EPA's Proposed
Water Quality Guidance for the Great Lakes Sysiem was applied (EPA 1993a), Tier 1l values were
developed so that aquatic benchmarks could be established with fewer data than are required for th e
NAWQC, The Ticr Il valucs arc concentrations Lhat would be expected to be higher than NAWQC in
no more than 20% of cases. Tier |l values calculated by the EPA arc listed in Table 1, and the sources
arc cited. Other Ticr 1] values arc derived as described in the following text

The Tier [l values equivalent to the FAV and FCV are the Secondary Acute Values (SAVs) and
Sccondary Chronic Values (SCVs), respectively. The sources ol data for the Ticr [l values arc listed in
Appendix A, and the procedure and factors used to calculate the SACs and SCVs are in Appendix B.
The methods described herein differ from EPA's (19 93a) in one respect. The Great Lakes SA Vs require
an LCS0 for a daphnid, but that requirement would severely restrict t he number of benchmarks that could
be calculated. The EPA has provided factors for calculating SAVs when no daphnid LCS50s ar¢
available, and these factors arc used herein (Stephan 1991).

Some of the SAVs and SCVs presented in this report difler from t hose presented in the prior edilion
(Suter and Mabrey 1994) for three reasons. Firsy, in the previous report we included all data tha t
occurrcd in EPA waler quality ¢riteria documents, However, much of the data included in criteri a
documents issucd prior to 1985 are no longer considercd acceptable by the EPA, Sccond, some dat
from the EPA"s AQUIRE datta set were used by Suter and Mab rey (1994) that appeared to be aceeptable
based on the information provided in the data base and the EPA's rating of the data, It has become ¢lear
that much of that data would not be acceptable to the EPA for caleulating criteria, Therefore, w ¢
obtained all original publications and indcpendently reviewed them against the criteria in Stephan ct al.
(1985), ‘Thosc criterin arc summarized in Appendix B, Finally, some new data have been found an d
incorpornted,

Only high quality standard data arc used in this document if' such values are available for a
chemical, That is, if even onc test that meets the criteria in Stephan ct al (1985) was found, al |
nonconforming tests were excluded, However, when no such values are available, nonstandard or lower
quality test results which were judged by the auth ors 10 be reliable were used. Values derived using data
that did not meet the Stephan ct al, (1985) criteria arc noted.
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24 LOWEST CHRONIC VALUES

The lowest chronic values for fish and invertebrates reported in the literature are potential lower
benchmarks, Chronic values are used to ealeulate the chronic NAWQC, but the lowest chronic value
miry be lower than the chronic NAWQC, Because of the short gencration time of algac and the relative
lack of standard chronic tests for aquatic plants, EPA guidelines are followed in using any algal test of
at least 96-hour duration and any biologically meaningful response for the plant values,

25 ESTIMATED LOWEST CHRONIC VALUES

Estimated lowest chronic values for fish and invertebrates are another set of potential lowe r
benchmarks. Estimated chronic values were extrapolated from 96-hour LCS50s using cquations (ro m
Suter ctal. (1987) and Suter (1993). The equations are as foll ows where LCS0 equals the lowest specics
mcan 96-hour LCSO0 for {ish and 48-hour EC50 for daphnids, and CV equals the estimated chronic value
for that taxon. The 95% prediction interval ot the mean is log CV = the Pl value (95% predictio n
intervals contiin 95% of observations versus 95% confidence intervals shich contain the mean with 95%
confidence).

Fish CV for a metallic contaminant: (1)
log CV = 0.73 log LCS0 . 0.70
Pl=12
Fish CV for a nonmetallic contaminant: 2)
log CV = 1.07 log LCS0 - 1.51
Pi=15
Daphnid CV for a metallic contaminant; (3)
log CV = 0.96 log LCS0 - 1.08
Pl= [.50
Daphnid CV for a nonmetailic contaminant: (4
log CV = 1.11 log LES0 - 1.30
Ple= 135
2.6 TEST EC20s

Another potential lower benchmark is the test EC20 for fish, which is defined as the highest tested
concentration causing less than 20% reduction in (1) the weight of young fish per initial female (ish in
a lifecycle or partial life-cycle test or (2) the weight of vou ng per cgg in an carly life-stage test. A similar
potential lower benchmark is the test EC20 for daphnids, which is the highest tested concentratio n
causing less than 20% reduction in the product of growth, fecundity, and survivorship in a chronic test
with a daphnid specics. (Daphnids include members of the genera Daphnia, Ceriodaphnia, and
Simocephalus.) These benchmarks are intended to be indices of population production. They arc
cquivalent 1o chronic values in that they are simply a summary of the results of chronic toxicity tests, and
in most cascs the same test supplied the lowest chronic value and the lowest test EC20. However, the
test EC20s arc based on a level of biological ¢fect rather than o level of siatisticol significance, and they
integrate all of the stages of the loxicity test rather than treating cach responsc independently. The 20%
figure was chosen as approximately the mean level of effect on individual response parameters observed
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at CVs and as a minimum detectable difTercnee in population characteristics in the ficld (Suter et al .
1987, 1992). These values are listed in Table 2,

2.7 ESTIMATED TEST EC20s

The estimated test EC20 is another potential benchmark, The estimated values were extrapolated
from 96-hour LC50 values using cquations from Suter (1992), The equation for the lowest fish tes t
EC20 is as follows where LC50 equals the lowest specics mean 96-hour LC50 for fish, and the EC25
for weight of juveniles per egg is used as an cstimate of the test EC20 value, (The difference between
20% and 25% cflect is trivial given the uncertaintics in these estimates and the steepness of the
concentration-response curves,) The log-scaled 95% prediction interval at the mean is log EC2S = the
Pl value:

log EC25 = 0.90 log LC5C - 0.86 (5)
Pl=16

Thesc values are listed in Table 2 for those chemicals that have no empirical test EC20.

2.8 SENSITIVE SPECIES TEST EC20s

The sixth potental benchmark is the EC20, adjusted to approximate the fifth percentile of th ¢
specics sensitivity distribution. 1t is caleulated in the same way as the chronic NAWQC except that the
test EC20s arc used in place of CVs, and salt water specics were not included. The FAV forcach of the
critcrion chemicals was divided by the geometric m can of ratios of LC50s to EC20s, These benchmarks
are referred to as sensitive specics (SS) test EC20s, and are listed in Table 2,

2.9 POPULATION EC25s

The last potential benchmark is an cstimate of the continuous concentration that would cause a 20%
reduction in the recruit abundance of largemouth bass. The method used was described by Barnthouse
ct al. (1990) and is bricfly summarized herein. The reeruit abundance estimates are generated by a
matrix mode! of a reservoir largemouth bass population (Bartell 1990), The fecundity, hatching success,
larval survival, and post-larval survival of the model population are cach decremenied by a valu e
generated from statistical extrapolation models, For cach life stage for which a concentration-response
relationship could be calculated, that relationship was adjusted for the relative sensitivity of the tes L
species and the bass. For those life stages with no concentration-response relationship, the relationship
was estimated using life stage to life stage extrapolation models, and the taxonomic adjustment wa s
made. However, if the authors of the study reported that life stage was unaffected, the decrement for that
lifc stage was sct o zero, 1 no chronic test data were available, extrapolations from LC50s to chronic
responscs of cach life stage were performed. Uncertaintics in a 1] of these extrapolations were propagated
through the models to generale estimates of uncertainty, For cach chemical, cach available freshwater
fish chronic test was usced to parameterize a model run, £ no chronic test data were available, cac h
availablc freshwater fish LCSO0 was used to purameterize 8 model run, The results are presented i n
Appendix C. The geometric mean of all population EC25 estimates for cach chemical is reported i n
Table 2.

B ¢ IGOUT + GrEsh
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2,10 ECOTOX THRESHOLDS

The EPA's OSWER has published Ecotox Thresholds (ETs) which are intended to be used fo r
sereening contaminants at Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA) sites (OSWER. 1996); these values are avalable for 20 meta Is and 47 organics in {resh water
and for 10 metals and 7 organics in maring waters, The fresh water values are presented in Table 3.
Their derivation is bricfly explained in the following text,

In general, chronic NAWQC values are preferred as aqueous ETs. However, as with the
benchmarks in Table 1, criteria that are based on fish consumption rather than aquatic toxic effect s
(DDT, heptachlor, and toxaphene) are not used, Tier 1] values are presented in their place, For diazinon,
the FCV calculated by the Great Lakes Water Quality Initiative (GLWQI) was used as a criterion value
(EPA 1992).

OSWER rccommends the use of dissolved ¢oncentrations of metals, Therefore, the method
described in Prothro (1993) is used to correct for dissolved phase concentrations, which causes some of
the metals criteria values used as ETs to differ slightly (rom the criteria listed in Table | orin the Region
IV values,

SCVs are used when NAWQCs are not available. Four of these SCVs are from the GLWQI (EPA
1992), 34 arc from the prior cdition of this document (Suter and Mabrey 1994), and 18 were calculated
by OSWER (1996). Three chemicals with OSWER-derived SCVs (endosullun, methoxyclor, an d
malathion) had NAWQCs, but the criteria were judged to be old and unreliable. Ticr 11 values were not
derived if no daphnia acute values were available,

2.11 REGION IV SCREENING VALUES

EPA Region IV has published acute and chronic ceologica | sereening valucs (SVs) for fresh surface
water (Waste Management Division 1995); they are presented in Table 3. The acute SVs consist o f
acute NAWQCs or, for chemicals with no acute NAWQC, of low st acute LC50 or ECS0 values divided
by 10, The chronic SVs consist of chronic NAWQCs or, for chemicals with no chronic NAWQC, o f
lowest CVs divided by 10, If'there were no CVs, the acute S V is divided by 10 to obtain the chronic SV,
These divisions by 10 serve the same purpose as the models used 1o calculate Tier 11 values, but without
the scientific or statistical basis and without using the full available data set. For some chemicals, the
SVs arc based on effects on fish caters or imigaled plants rather than aquatic life. Region 1V
acknowledges that other values have greater ecologicat relevance (Waste Management Division 1995).
As explained previously, there are separate benchmarks (o address efTects on plants and wildlife and an
entircly scparate sct of risk assessment methods to proteet humans who cat fish, Finally, the hardness
dependent criteria are adjusted to 50 mg/L which is unrealistically low for the Ouk Ridge Reservation
and most other sites.

2,12 BACKGROUND CONCENTRATIONS

Background walcr concentrations should be used as acheek (or these benehmarks, That is, beeause
some of these benchmarks are quite conservative and because the measured concentrations in ambient
water may include forms thal arc not biouvailable, benchmark concentrations may be lower than
background water concentrations. If the background concentrations are valid and represent an
uncontaminated state and il exposed site does not contain forms of the chemicals that arc more
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bioavailable or toxic than the forms at background sites, then screcning benchmarks lower than th ¢
background ¢oncentration should not be used.

Tuble 3. Summary of OSWER threshold values for aquatic life (EPA 1996) and Region IV screening
values for freshwater surface water (Region IV 1995) (All values are pg/L)

OSWER Values Region IV Valuey
NAWQC Acute Chranic Sereening
Chemical or FCV! Tier 18 Screening Values
Values
Metals

Aluminum 750 87
Antimony 1300 (28) 160 (2%)
Arsenic 11l 190 360 190
Arsenic V Rle
Barium o
Beryllium 5.1 16 (Gx) 053 (Ix)
Boron - 7501
Cuadmium 1.0h 1.79h 0.66h
Chromium 11 150 84321 11732
Chromium V1 10 16 H
Cobalt jo-
Copper 11h 9.22h 6.54 h
Iron 1000 - 1000
Lend 2.5h KKWE 1.32
Muangunese LV
Mereury 240 0.0123
Mereury, inorganic 1.3
Mercury, methy! 0.003 *
Molytdenum 240"
Nickel 160 h 789.00 h 8771 h
Selenium 50 20.00 5.00
Silver 23 h 0.012 (1%
Thallium 140.00(3%) 4.00 (2%)

A
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Tabie 3, (continued)

OSWER Values Reglon IV Valuey

NAWQC Acute Chronle Screening
Chemical vr FCV! Tier 1P Sereening Valuey
Viues

N2 e QOLIOGT « o8

Vanudium 19"

Zinc 100h 5891 h

Organte Compounds

Acenaphthene a3 s 170 (%) 17
Acrolein 6.8 (33) 21 (%
Acrylonitnile 755 (48) 75.5
Aldrin 3 03
Benzene 530(7%) 53
Benzidine 250 (4s) 25
Benzo{a)pyrene

0-BHC

b-BHC

g-BHC (Lindane)

Bipheny!

Bis(2-chlorocthy!) ether 23800 (1%) 2380
Bis(2-cthy thexy)phthalate 1110 (2%) <0.3 (2%)
Bromoform 2930 (2%) 293
4-Bromophenylpheny| ether

4- BromophenyIpheny! phthalnte 36 (28) 1220w
Butylbenzy! phthulute 330 (44) 22 (%)
"Carbon tetruchloride 3520 (3y) 352
Chlordunce 24 0.0043°
Chlorobenzene 1950 (5%) 195
2-Chlorocthylviny! ether 35400 (18)

Chloroform 2890 (3)

2-Chlorophenol 43R (5%)

Chloropyrifos 0.083
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Table 3, (continued)

OSWER Values

Reglon IV Valuey

NAWQC

Chemlend or FCV! Ticr IP

Acute

Screening

Vaulues

Chronic Sereening:

Values

44'.DDT
4,4.DDE
44%DDD

0.013 +

Demeton

Dinzinon
Dibenzofurun
1,2-Dichlorobenzene
1,3:Dichlorobenzenc
1,4-Dichlorobenzene
1,1-Richlorocthane
1.2-Dichlorocthane
1. 1-Dichlorocthylenc
2,4-Dichlorophenol
1,2-Dichloropropune

Dichloropropylene (cis und
truns)

Dicldrin

Diethy! phthulute
2.4-Dimethy!phenol
Dimethy! phtholate
Di-n-buty! phthalate

2,4-Dinitrophenol

2,4-Dinitrotoluene

Dioxin (2,3.7.8-TCDD)

|.2-Diphenylhydruzine

0.051 #
0051 #
0.051 4

Endoxulfun, mixed isomers
Endosulfan, alphs

Endosulfan, beta

i
105 (1)

0.064 (8%)

158 (4x)
502 (3s)
112 (5%)

11800 (3%)

3030 (3%)
202 (3w
5250 (3s)
G606 (2%)

2.5

5210 (28)
2129
3300 (2%)
04 (6x)

6209

3100 (2%)
0.)
27 (2%)

0.001
10.5
0.0064
0.1

2000 (1)
303
36.5(1%)
525
24,4 (1)

0.0019*
521

212

330

9.4

6.2

310
0.00001*
27

Gra » LI
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Table 3. (continued) 2“'35
OSWER Values Region IV Valuey %
NAWQC Acute Chronle Screening E
Chemical or FCV'! Tier 1P Screening Values .
Values 2
Endrin 0.061 8 0.18 0.0023° 9
Ethylbenzene 290+ 4530 (5%) 453
Fluoranthene 818 39K (28) 39.8
Fluorenc 394
Guthion - 0.0l
Heptachlor 0.0069 + 0.52 0.0038*
Heptuchlor epoxide 0.52 0,003%°
Hexuchlorobutadiene 9 (55) 0.93 (18
Hexuchlorocyelopentndiene 0.7 (4x) 0.07
rlexachlorocthane 124 o8 (5x) 9.8
[sophorone 11700 (2%) 1170
Lindune (sce g-BHC)
Muluthion 0.097 - 0.0!
Methoxychlor 00194 - 0.03
Methy! bromide 1100 (1) 110
Methyi chloride 55000 (1%) 5500
3-Methyl=-chlorophenol 3l 0.3
(p-Chloro-m-cresol)
2=Methyl-4, 6-dinitrophenol 23 (4% ad
(4,6- Dinitro-0-cresol)
Methylene chloride 19300 (3s) 1930
Mirex - 0.00!
Naphthalene 24" 230 (4%) 62 (1)
Nitrobenzene 2700 (2x) 270
2-Nitrophenol - 3500
4-Nitropheno! 82X (3s) 82.8
n-Nitrosodiphenylamine 585 (2w) 58.5
Parathion 0.065 0.013
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Table . (contzhllucd) E.‘.‘
g
OSWER Values Reglon TV Values 7
NAWQC Acute Chronic Screening o
Chemieal orFCV! Tier 11 Sereening Values .
Valuey 3
PCB (total polychlorinated 019 Q
biphenyls)
PCB-1242 0.2(7%) 0.014
PCB.1254 0.2(%) 0014
PCB.1221 0.2 (78) 0.014
PCB3-1232 0.2(7%) 0.014
‘PCB-124% 0.2(™) 0.014
PCB-1260 0.2 (7x) 0014
PCB-1016 0.2 (74 0,014
Pentachlorobenzene 047 # 250 50
Pentuchiorophenol 13 pH 20 pH 13 pil
Phenol 1020 (16%) 256 (1%)
Polynuclenr sromatic
hydrocarbons
Phenanthrene 638
§.2,4,5-Tetruchlorobenzene 250 50
1,1,2.2=Tetruchlorocthune 420 9232 (3%) 240 (1)
Tetruchloroethylene 120° S (5%) Rd (1n)
Tetachloromethane 2404
Toluene 130* 1750 (5%) 175
Toxuphene 0.011# 0.73 0.00025
1.2-Truns-Dichlorocthylene, 13500 (1) 1350
Tribromomethane 3204
Tributyltin - 0.026
1,2 4-Trichlorobenzene 110 # 150 (44) 44.9 (1s)
1,1, 1Trichlorocthane 62" 5280 (2%) 528
1,1,2-Trichlorocthune 3600 (3x) 940 (1s)

Trichloroethylene 350"
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Table 3. (continued)

OSWER Values Region IV Valuey'

NAWQC Acute Chronle Sereening
Chemical or FCV! Tier 11! Screening Values
Values

2,4,6+Trichlorophenol 32 (3%)

m-Xylene

Chlaride ¥60,000 230,000
Chlorine (total residual - TRC) 19 11

Cyunide . a2 52

pH 2.5

Oil and Greuse 001 (Low LCy)
Sulfide (8-, F18-) 2

Notes:

1 EPA derived NAWQC or finul chronic vulues (FCVs).

¥ Values culeulated using the GLWQI Tier [ methodology:,

¥ Based on EPA Region [V Water Management Division, Water Quality Stundards Unit's Sercening List, Those

followed by (n) ure derived by Region IV using vafety fuctors,

* For longeterm irrigution of sensitive crops (minimum standard),

' Based on the marketubility of fish, The use of other values which may have greater ccological

significanee muy be considersd.

* Lowest plant value reporied,

(n®) = numberof sxpecicy

h = hardnesssdependent umbient water quality criterion (100 mg/L as CaCO, used tor OSWER thresholds and
50 mg/L for Region 1V valugs),

pH = pliiependent ambient water quality eriterion (7.8 pil used for OSWER thresholds and 6,0 for Region IV
vilues),

§ = FCV derived for EPA Sediment Quality Criteria documents,

F = FCV caleuluted using GLWQ! Tier | methodology.

t = value is for totul of al} chemica! forms.

" value us culeulated in Suter and Mabrey (1994).

+ = Value with EPA suppont documents.,

" value calculuted by OSWER.

3. CHEMICAL-SPECIFIC INFORMATION

This scetion describes the sources of information and procedures that are specific to individua l
clements, Except where noted, the sources of data for estimating chronic values and test EC20s for fish
are the same. All data used to caleulate Tier 11 values and estimated chronic values and EC20s are
prescnted in Appendix A,
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3.1 INORGANICS

Aluminum, There are NAWQC for aluminum, The toxicity of aluminum has been shown to vary
widely with water hardness and pH (Ingersoll ctal., 1990a 1990b; Woodward et al., 1989; Sadler and
Lynam, 1988, and Cleveland ¢t al. 1980, and others). The benchmarks were ealeulnted using only tests
in circumncutral water. Lowest chronic and test EC20 values for fish are from 28-day embryo-larval
tests with Pimephales promelas, Kimball (n.d.) presented a CV of S800 pg/L, however, afler further
analysis of Kimball's data, the EPA (198K8a) offered another value of 3288 pup/L as the CV for
aluminum. Lowest chronic and test EC20 values for daphnids arc from McCauley ct al, (1986), The
EPA (1988a) gives a d=duy test ECS0 for Selenastrum capreornunim which is used as the plant chronie
value.

Ammonia, The test EC20 value for fish is from an embrvo-larval test with fathcad minnow s
(Thurston ¢t al, 1980G). The chronic value for fish is [rom an carly life stage test with pink salmon ,
Oncorhynchus gorbuscha (Rice and Bailey 1980). The chronic value for daphnids is from EP A
(1985a). Chronic vulues were determined using Daphnia magna in life-cycle tests, EPA (1985a)
provided the chronic valug for aquatic plants, in which Chlorella vulgaris experienced growth inhibition
(ECS0). The NAWQC for smmonia are functions of temperature (T) and pH. The acute NAWQC for
ammonia is 0.52/FT/FPH/2, and the chronic NAWQC for ammonin is 0.80/FT/FPH/Ratio, where!

FT - lounM:U-TCAI‘i; TCAP'T"30
1OUMT Qe T TCAP

FPH « Beph<9
1 1074 6.5.pH<8
1.25
Ratio = 16, 7.7<pH<9
- (24)_1077M s 652pHe77
|+ Q7 At

TCAP = 20°C for acute criteria and 5% C for chronic eriteria when Salmonids or other sensitive
cold water speeies arc present
m  25°C for acute critcria and 20¢ C for chronic criteria when Salmonids and other sensitve
coldwater species arc absent

These criteria arc presented in greater detail in EPA (19852 and 1986b),

Antimony. Chronic and test EC20 values for antimony arc from Kimball (n.cl.). The chronic tests
of Pimephales promelas were embryo-larval, and 28«day life-cvele tests were used for Daphnia magna,
The EPA (1978) gives a 4-day ECS50 for chlorophyll A inhibition in Sclenasirum capricormutum which
is used as the plant value, The SAV and SCV listed in this report are drall FAV and FCV valuc s
(EPA 1988b).

Arsenic HI, NAWQC ure listed for arsenic 11, The lowest chronic values for fish and daphnids
are given by Call ¢t al. (1983) and Lima ctal, (1984), Early life stage tests were used on Pimephales
promelay and life-cvele tosts were used on Daphnia magna, Cowell (1965) provides the lowest chronic
value for the algae Spirogyra, Cladophora, and Zygnema which is a concentration that produced a
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100% kill in 2 weeks, The test EC20 valug is derived from Lima ct al, (1984) for fish and from Call et
al. (1983) and Lima ct al, (1984) for daphnids,

Arsenic V. The chronic and test EC20 values for fish arc from an carly lifc stage test with
Pimephales promelay (DeFoe 1982), and the test EC20 for daphnids is from Spehar et al. (1980), The
estmated chronic value for daphnids was caleulated with a Daphnia magna LCS0 from EPA (1985b)
using Equation (3), Vocke (1 980) provides the plant value from a 1d-day ECS50 test with Scenedesmus
obliguus, The SAV and SCV listed in this report are lower than the acute and chronic LOEL value s
listed in the Water Quality Criteria Summary (EPA 1986b).

Barium, The chronic value for daphnids is from a 21 <day test on Daphima magna by Bicsinger and
Christensen (1972) which resulted in 16% reproductive impairment.

Beryllium, The chronic and test EC20 values lor Daphma magna are from a lifecyele test in
Kimball (n.d.). Karlander and Krauss (1972) provide the plant value for Chlorella vanniclt, a 10 1o 20%
reduction in autotrophic growth rates. The estimated chronic and test EC20 values for fish were derived
using data for Pimephales promelas from EPA (1980f) in Equations (1) and (5). The derived SAV and
SCV listed in this report arc lower than the lowest CV listed in the Water Quality Criteria Summar y
(EPA 1986b) and the acutc and chrenic LOEL values listed in the Water Quality Criteria Summary (EPA
1986b).

Boron, The EC20 value for daphnids was based on a 21-day test on Daphnia magna by Gerisch
(1984), A 2l«dav testof Daphnia magna by Lewis and Valentine (1981) provided the lowest daphnid
chronic value,

Cudmium, The NAWQC for cadmium are functions of water hardness. The equations for these
arg VMl Inturdness 3490 Gor the chronic valuc and ¢! MINhwimes )l K e the acute vilue (EPA 1986D),
The lowest chronic value for fish is from Sauter et al, (1976) and Chapman ct al. (n.d.) for daphnids,
Early life stage tests were performed on brook trout, and life-cyvele tests were performed on Daphnia
magna, The test EC20 value is from Carlson ct al, (1982) for fish and Elnabarawy ¢t al, (1986) for
duphnids. The value for aquatic plants is ffom Conway (1977). A relatively low cadmium concentration
reduced the population growth rate of’ Asrertonella formosa by an order of magnitude.

Calcium, The chronic value for daphnids is @ concentration causing a 16% reduction in
reproduction of Daphnia magna exposed 10 CaCl,22H,0 (Bicsinger and Christensen 1972). Because
the highty conservative secondary values were below commonl y occurring ambicnt concentrations of this
macronutricnt, they were judped to be inappropriate and are not presented,

Chromium 111, The NAWQC for chromium I!] are functions of water hardness, The cquations
are clO M sO{inharinea e 1 3161) far 1he elironic valug and gl ¥ Hiniwmem)]ed 6380 fon i he qenie value. The lowest
chronic value for fish is from an carly life stage test by Stevens and Chapman (1984) on rainbow trout,
Chapman ct al, (n.d.) provide a chronic value from a life=cycle test of Daphma magna, The plant value
for chromium [1] is [rom a 4-day chroni¢ test in which there was a 50% inhibition of growth o T
Selenastrum capricomutum (EPA 1985¢). Stevens and Chapman (1984) also provided data for the test
EC20 value for {ish,

Chromium V1. There are NAWQC for chromium VI, The chronic and test EC20 values for fish
are from Sauterct al. (1976), An carly life stage test produced the chronic value for rainbow trout. For
daphnids, a life<cvele chronic test was run by Mount (1982) on Daphnia magna, and the test EC20 is
from Elnabarawy ct al, (1986). Microcystuy aeruginosa, used for the aquatic plant value, showed
incipient inhibition in tests reported by the EPA (1985c¢).
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Cobalt, The chronic and test EC20 values for cobalt are from Kimball (n.d.). Daphnia magna
were uscd in 28-day lifescyele tests, and Pimephales promelas were used in embryo-larval tests,

Copper,  The NAWQC for copper are functions of water hardness. The cquations are
gUsaSlnchwrinemn))1.46%) fioe the chronic value and ¢!Oetintardnnll 464 for the acute value, The chronic and
test EC20 values for fish are from an carly life stage test with brook trout by Sauter et al. (1976). The
daphnid chronic value is from Chapman (n.d.). The test EC20 value for daphnids is derived rom Dave
(1984a). A 21-dav test LCSO on Daphnia magna provided the chronic value for daphnids. Arthur and
Leonard (1970) provided a chronic value through Geweek tests on the amphipod, Gammarus
pyeudolimnacuys, Steeman-Niclsen and Wium-Anderson (1970} provide a plant value based on a lag
in growth of the alga, Chlorella pyrenoidosa,

Cyanide. There are NAWQC for cvanide. The chronic and test EC20 values for fish were both
from a brook trout life-cyele test by Koenstetal. (1977), Oseid and Smith (1979) provide full lifc.cycle
test on Gammaruys pseudolimnacus, an amphipod, The alga, Scenedesmuy quadricauda, showed
incipicnt inhibition in chronic tests by the EPA (1985¢).

Iron. The NAWQC for iron is based on a ficld study at a site receiving acid mine drainage and is
nol consistent with the current method for deriving eriteria, The lowest chronic value for duphnids (158
u/L) is a threshold for reproductive effects from a 21-day test of FeCl , with Daphnia magna (Dave
1984¢), It is considerably lower than the 438 0 g/l concentration causing 16% reproductive decrement
in another test of FeCl, with . magna (Bicsinger and Christensen 1972). Dave (1984c) argued that his
result was more applicable to a situation in which “an acidic iron-containing waste water is discharged
inlo a lake or a river" where it is neutralized, but Bicsinger and Christensen's (1972) result “is probably
more close to the steadyestate situation in natural freshwater without any point source of'iron," The
lowest chronic value for fish is a concentration that caused 100% larval mortality in an embryo-larval
test with rainbow trout exposed to dissalved iron salts (Amelung 1981),

Lend. The NAWQC for lead arc functions of water hardness.  The equations arg ¢!t #limhwdmeka7oh)
for the chronic valuc and ¢!! wrhmald 4601 fap the acuie value. The lowest chronic value for fish was
provided Ly an carly life stage test on rainbow trout by Davies ct al, (1976).  Daphnia magna were used
in 21-day tcsts to determinc lowest chronic toxicity by Chapman ct al, (manuscript), Borgmann cial,
(1978) provided a chronic value for a life-evele test on Lymnaea palastris, a snail. Chiorella vulgarss,
Scenedesmus guadricanda, and Selenastrum capricornutum expericneed S3%, 35%, and 52% growth
inhibition, respectively, at the plant chronic value (EPA 1985f), The test EC20 value for fish is from
Sauter ct al. (1976). The acute-EC20 ratio from which the SS test EC20 was calculated had to be
oblained using a specics mean acute value for Salmo gairdnert (EPA 19850) since no acute value was
reported by Sauter et al. (1970).

Magnesium. The chronic valuc for daphnids is a concentration causing a 16% reduction in
reproduction of Daphnia magna exposed to MgCla=6H,O (Biesinger and Christensen 1972), Becausc
the highly conscrvative sceondary values were below commonl y occurring ambient concentrations of this
nutrient element, they were judged to be inappropriate and arc not presented.

Manganese, All chronic and test EC20 values for manganese are from Kimball (n.d.). The fish
chronic value is rom a 28-day carly life-stage test with Pimephales promelas.

Mercury, inorganic, or total, Mercury has NAWQC. However, the chronic criterion for mereury
is based on the final residuc value derived {rom a methyl mercury bioconcentration factor, To protect
aquatic life, the sccondary values were derived from the EPA's (1985) final acute and chronic values,
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"The chronic and test EC20 valucs for fish arc from Call ct al, (1983), and these for daphnids arc from

Bicsinger et al. (1982), The chronic tests for fish were run on Pimephales promeles throughout their
embryo-larval stage. Daphnia magna were used in fow through lifescycle tests, The plant value is for
incipient inhibition of Microcystis acruginosa in an 8-day test (EPA 19850, The acute-EC20 ratio used
o caleulate the SS test EC., valug had to be derived using a species mean acute valuc (EPA 1985g) since
no acule value was reported in Bicsinger ct al, (1982),

Mercury, methy). The chronic and test EC20 valucs for fish are from McKim ctal. (1976). Brook
trout were used in three generation life-cyele tests. The test EC20 value for daphnids is from Biesinger
ctal. (1982). The alga, Chloretla vulgaris, was used in 15-day ECS0 (growth) tests by Rai ct al. (1981)
to determinc chronic toxicity values for aquatic plants,

Molybdenum. The chronic and test EC20 values for daphnids arc from Kimball (nd.).  Daphnia
magna were uscd in a 28-day life-cycle test to determine the chronic value,

Nickel, The NAWQC for nickel arc functions of water hardness. The cquation for these arc
SOt} 1649) [k Cheanic walue and o MBInbaneanls 13812 o ha aente value,  However, nickel
concentrations of 10 ug/L in Oak Ridge Reservation sream waler (considerably below the chroni ¢
NAWQC for nickel but similar to the lowest of the alternate benchmarks) reduced 7-day Cerfodaphnia
dubia survivorship 1o 60% (Kszos et al. 1992), The chronic and test EC20 values for fish are from
Nebeker ct ul, (1985). The chronic value lor fish was determined through an early life stage testo n
rainbow trout. For daphnids, the ¢hronic value was from Lazarcva (1985) and the test EC20 was (rom
Miinzinger (1990). Daphma magna were used in a life-cycle test to determing the chronic value, The
caddisfly, Clistoronia magnifica, was uscd in life-cycle tests by Nebeker ctal. (1984) 1o determing the
chronic value, The plant chronic toxigity valucs were provided by the EPA (198Ga) for Micracystis
acruginosa, which showed incipient inhibition.

Potassium. The chronic value for daphnids is a concentration causing a 16% reduction in
reproduction of Daphnia magna exposed to KCI (Biesinger and Christensen 1972). Because the highly
conscrvauve sccondary values were below commonly occurring ambient concentrations of this
macronutrient, they were judged o be inappropriate and are not presented.

Selenium. NAWQC arc listed for selenium, The chronic and test EC20 values for fish are from
Goettl and Davies (1976), Their tests were during the carly life stage of rainbow trout. The chroni ¢
value for daphnids is rom Kimball (n.d.), and the test EC20 is from Johnston (1987). These tests were
run for 28 days on Daphinia magna, The green alga, Scenedesmus obliquus, exhibited reduced growth
in the 14-day chronic towcity tests (Vacke ctal. 1980), The acuic-EC20 ratio used in caleulation of the
SS EC20 value had 1o Le derived using a species mean acute value for Daphma magna (EPA 1987a)
because no acute value was reported by Johnston,

Silver, The acute NAWQC for silver, which is a funclion ol water hardness, is given by the¢
cquation ¢! imtrineml632) Ths SCV was estimated from the FAV and acute-chroni¢ ratios for thre e
species. Although questions about two of these ratios prompted the EPA to refrain from calculating a
final chroni¢ value, we judged them to be better than the default value, The lowest chronic value for fish
is based on an carly life stage test on rainbow trout by Davies et al, (1978). The lowest chronic value
for daphnids and the test EC20 for fish are from Nebeker ctal, (1983). The daphnid CV is from a test
with Daphnia magna. The test EC20 for daphnids is from Elnabarawy et al. (198G). The plant value
is for growth inhibition in Chlorella vulgaris (EPA 1980y).




27

Sodium, The chronic valuc for daphnids is a concentration causing a 6% reduction in reproduction
of Daphnia magna exposed to NaCl (Bicsinger and Christensen 1972), Because the highly conservative
sccondary valucs were below commonly occurring ambicnt concentrations ol this macronutrient, they
were judged to be inappropriate and are not presented.

Strontium, The chronic value for daphnids is from 21-day tests on Daphnia magna by Biesinger
and Christensen (1972) which resulied in 16% reproductive impairment.

Thallium. Chroni¢ and test EC20 values arc [rom Kimball (n.d.). Embryo-larval tests were run
on Pimephales promelas, and 28-day chronic tests were run on Daphnia magna, The aquatic plant
valuc is a 4-day ECS50 which reduced the cell numbers of the alga, Selenastrum capricornutum
(EPA 1978),

Tin. The chronic valuc is from Bicsinger and Christensen (1972). [t caused 6% reproductiv ¢
impairment in Daphnta magna in 21 days.

Uranium, The chronic value for fish is an cstimate bascd on a fathead minnow LCS0 from
Cushman ct al. (1977) used in Equation (1). The test EC20 is an cstimaie based on the same data ;
however, Equation (5) was uscd,

Vanadium, The lowest chronic and test EC20 values for fish are from Moldway and Spragu ¢
{1979) and for daphnids from Kimbal! (n.d.).

Zine, The NAWQC for zinc arc functions of waler hardness, The cquations are
OMMintnntmal] 07644 for the chronic value and ¢! MM inbannan-085% for the acute value,  The chronic and
test EC20 valugs for fish arc from Spehar (1976), and the chronic value for daphnids is {rom Chapman
et al, (nd). Life-cycle tests were run on Jordanella floridae and Daphnia magna. Nebeker et al,
(1984) provided chronic values from life-cyele tests on the caddisfly, Clistoronia magnifica, Bartlett
¢t al, (1974) ran 7-day tests on Selenastrum capricormutum. These aquatic plants showed incipient
inhibition of growth,

Zirconium, The chronic and test EC20 values for fish are estimates based on an LCS0 for
Pimephales promelay from Cushman ctal, (1977), These values were caleulated using Equations (1)
and (5),

3.2 ORGANICS

Acenaphthene.  Although the full data requirements are not imct for acenaphthene, the EPA has
presented {inal acute and chronic values for derivation of sediment quality eriteria which are presented
in the criterin columns (EPA 1993b). The fish chronic value is (rom an carly life-stage test with
Pimephales promelas, and the non-daphnid chronic valuc is from a life-cycle test with a midgc
Paratanytarsus sp, (EPA 1993b). The plant valuc is from EPA (1978), Selenastrum capricornutum
were used in 96-hour EC50 (50% reduction in cell numbers).

Acetone. The test EC20 value for fish is an estimaig based on an LC50 for rainbow trout, Th e
chronic vidue for Daphnia magna is a 28-day life-cycle test {rom LeBlance and Surprenant (1983),
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Anthracene. The chronie valuc lor daphnids (Daphnia magna) was estimated using an ECS0 [rom
Holst and Giesy (1989). The chronic and test EC20 values for fish are an estimalte based on an LC50
for bluegill from Oris and Gicsy (1985). Caleulations were performed using Equations (2), (4), and (5),

Benzene, The lowest chronic value for daphnids is given by EPA (1978),  Daphma magna were
ysed in lifecycle tests. The lowest chronic value for aquatic plants is given by Kauss and Hutchinson
(1975), which was a 48-hour test EC50 on Chlorella vulparis. The chronie value for fish is an estimate
based on data for the rainbow trout from EPA (1980d) and Equation (2). The test EC20 value for fish
is derived from Black and Birge (1982). The reade r should nole that Black and Birge conducted a scrics
of screening tests for a large number of chem icals on several freshwater organisms. Larval {ish survival
was recorded to only 4 davs postehatch, and LOECs and NOECs were not determined, These tests, then,
did not generate standard chronic values and arc not cquivalent 1o the other chronic tests cited in thi s
report. The test EC20 valucs based on tests by Bluck and Birge may be high relative to those fro m
conventional chronic tests.,

Benzidene, The chronic and EC20 value for {ish are an estimate based on data for red shiner from
EPA (1980c). Calculations were performed using Equations (2) and (5).

Benzo(a)anthracene, The chronic value for daphnids is an estimate based on data for Daphnia
magna {rom Trucco ct al, (1983) used in Equation (4).

Benzo(n)pyrene. The test EC20 for fish is derived from Hannah et al, (1982). The chronic value
for daphnids is an estimate based on data for Daphmia magna from Trucco ot al. (1985) used in
Equation (4),

Benzoic Acid, The chronic value for fish is an estimate based on data for the mosquitofish from
AQUIRE used in Equation (2). The estimated test £C20 for fish is b ased on the same data, but Equation
(5) was used,

Benzy! Aleohol. The chronic and test EC20 valucs for fish are estimates based on data for bluegill
from Dawson ctal, (1977). The caleulations were performed using Equations (2) and (§).

BHC (lindane). There are NAWQC for lindane. The chronic values for daphnids, fish, and non-
daphnid invertebrates arc all from Macek et al, (1976a), The test EC20 values for daphmids and fish are
also from Macek et al, (1976a). The chronic values were derived from life-cyele tests run on Pimephales
promelay, Daphnia magna, and the midge Chironimuy tentany, The chronic value for aquatic plants
is from Knshnakumari (1977), Scencdesmus acutus exhibited 20% growth inhibition in § days, The
acutc-EC20 ratio from which the SS EC20 was calculnted was derived using a species mean acute value
for Salvelinus fontinalis (EPA 1980s) since no acute data were reported by Macek ct al, (1976a).

BHC (other). The chronic value for daphnids was estimated using a Daphnia magna ECS0 from
AQUIRE in Equation {4),

Bis(2-cthylhexyl)phthatate, The chronic and test EC20 values f{or {ish are from a rainbow trout
carly life-stage test (Mebwle and Mayer 1976). A much lower value was reported in the previous edition
of this report, but the results of that study are now belicved to be incorrect (Knowles et al, 1987), The
new value is supported by a CV of 912 ug/L. from Adams and Heidolph (1985). That study is used in
the derivation of the SCV because, unlike the K nowles et al. (1987) study, it has an accompanying acule
value (d48-hr EC50). No test EC20 for daphnids was caleulate d because insulficient detail was presented
by Adams and Heidolph (1985) and Knowles ct al. (1987),
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2-Butanone, The chronic values for fish and daphnids arc estimates based on data from Veith et
al, (1983) and Randall and Knopp (19%0), respectively, Equation (4) was applied to the data for
Daphnia magna, and Equation (2) was applicd to the data for Pimephales promelas, The test EC20
value for fish is also an estimate using Equation (5) and an LCS0 {rom Veith ct al. (1983).

Carbon disulfide, The chronic and test EC20 values for fish are estimates based on data for
mosquitofish from AQUIRE using cquation s (2) and (5). The chrenic value for daphnids is an estimate
for Daphnia magna using data from Van Lecuwen (198S) in Equation (4).

Carbon tetrachloride. The chronic value for fish is a rainbow trout embryoslarval LCS0 (Black
and Birge 1982); therefore, it mav be too high, However, itis lower than values presented by Kimball
ctal, (nd.) and EPA (1980h) for fathead minnows, The same test was used to derive the test EC20 for
fish (scc the comments on benzene). The chronic value for daphnids is from a 7-day reproduction test
with Daphnia magna (Kimball et al, n.d)), None of the subchronic tests could be used in the ¢aleulation
of the SCV.

Chlordane, The chronic NAWQC for chlordung is based on the linal residue value, For a eriterion
1o protect aquatic life rather than its use, the FCV is reported. The lowest chronic and test EC20 values
arc derived from Daphnia magna, blucgill, and Chironomus tentans life-cyele tests (Cardwell ¢t al,
1977).

Chlorobenzene. The chronic values for fish and daphnids are estimates based on data for bluegill
and Daphma magna {rom EPA (1980§). The values were caleulated using Equations (2) and (4). The
plant valuc is a 96-hour ECS0 for cell number with Selenastrum capricornutum (EPA 1980)).

Chlaroform, The test EC20 value for fish is from Black and Birge (1982). (Refer to the section
on benzene), The chronic value is a 27-day LC50 for rainbow trout (embryo-larval) from EPA (19801),
The EPA (1986b) gives this valuc as a lowest observed cffect valuc in licu of a NAWQC, The chronic
value for daphnids is an estimate based on data for Daphnia magna from EPA (19801) and caleulated
{rom Equation (),

DDD, The chronic and EC20 values for fish are cstimates based on data for largemouth bass {rom
Maver and Ellersicck (1986) and are calculated using Equations (2) and (5).

DDT. The acute NAWQC for DDT is used. The chronie NAWQC, however, is not used because
it i based on the final residue value, To protect aquatic life, an SCV is presented. The test EC20 value
for fish is derived from Jarvinen et al, (1977). The fish chronic value is from a Punephales promelas
life<cycle test (EPA 1980m). The chronic value for daphnids is an estimate based on data for Daphmia
pulex from EPA (1980m) and calculated with Equation (¢). The aquatic plant chronic value is fro m
Sodergreen (1968). Chlorella vulgaris was aflected in growth and morphology.

Decane, The chronic value for daphnids is an estimate based on data for Daphnia magna from
LeBlanc (1980) used in Equation (4),

Di-n-buty! phthalate. All chronic and test EC20 values are from McCarthy and Whitmore (1985).
The chronic value for daphnids is based on the geometric means of the observed concentration of fresh
solutions and aged solutions. Daphnia magna were used in lifescyele tests, and Pimephales promelas
were used in carly life stage tests,
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Dibenzofuran. The chronic value for daphnids is an estimate based on data for Dap/inia magna
from LeBlane (1980) and used in Equation (4),

1.1-Dichlorocthane, The chronic and test EC20 values for fish arc estumates based on an LCS0
for guppy from Koneman (1981) and calculaied using Equations (2) and (5).

12-Dichlorocthane, The chronic value for fish is from Ahmad ctal. (1984). Early life stage tests
were conducted on Pimephales promelas, The test EC20 value for figh is (rom Benoit et al. (1982). The

chronic and test EC20 values for daphnids are from Daphnia magna 28day life-cycle tests (Richter et
al. 1983),

1.1-Dichloroethene. The chironic values for fish and aquatic plants are from EPA (1978),
Plmephales promelas were used in embryo-larval tests, The alga, Selenastrum capricorniutum, was
used in a 96-hour ECS0 where it exhibited loss of chlorophyll A and cell numbers. The chronic value
for daphnids is an estimate based on data for Daphnia magna from EPA (1980n) used in Equation (4).

1,2-Dichloroethene, The chronic and test EC20 values for fish arc estimates bused ondata for
blucgill from EPA (1980n). These values were derived using Equations (2) and (5).

1.3-Dichloropropene. The test EC20 for fish was estimated using an LC50 for bluegill (rom EPA
(19800) in Equation (5). The chronic values for fish and aquatic plants arc from EPA (1978).,
Pimephales promelas were used in an embryo-larval test, and Selenastrum capricornutum were used
in a 96-hour EC50. The alga showed chlorophyll A and cell loss. The chronic value for daphnids was
cstimated using an ECS0 for Daphnia magna {rom EPA (19800) in Equation (4),

Dicthyl phthalate, The plant valuc is a 96-hour ECS0 for Selenastrum capricornutum
(EPA 1978).

Di-n-octyl phthalate. All chronic and test EC20 values are from McCarthy and Whitmore (1985),
Chronic values were based on Pimephales promelas in carly life stage tests and Daphnia magna in lifes
cvele tests, There are no Tier 1] values for di-n-octy] phthalate because LCS0s were not available,

Ethy! benzene, The chronic value for aquatic plants is from EPA (1978).  Selenastrum
capricomutum displaved chlorophyll A inhibition in 96-hour EC50. T he chronic valuc for daphnids was
estimated using an EC50 for Daphnia magna from EPA (1980p) in Equation (4),

Fluoranthene. Although the full data requirements are not met for fluoranthene, the EPA (1993¢)
has derived an FAV and FCV as a part of the derivation of sediment quality eriteria which arc presented
in Table 1. The figh CV is rom an carly | ifc-stage test with Pimephales promelas, and the daphnid CV
is from a lifc-cycle test with Daphnia magna EPA (1993c¢),

Heptachlor, The acute NAWQC for heptachlor is used. Because the chronic NAWQC is based
on the final residue value, an SCV is reported herein, The ¢ hronic and est EC20 values for fish arc from
Macek et al, (1976b). Pimephales promelas were used in life~cyele tests to determine the chronic value
for fish. The SS test EC20 value was calculated using an acute-EC20 ratio that was derived from a
species mean acule value for Pimephales promelas (EPA 1980r) beeause no acute data are available
from Maceck et al, (1976b). The chronic value for aquatic plants is from EPA (1980r), Growt h
inhibition was cxhibited by Selenastrum capricornutum in 96-hour EC50. The chronic value for
daphnids is an estimate based on data for Daphnia pulex (rom EPA (1980r) using Equation (+4).
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Hexane, The chronic value and test EC20 value for fish arc cstimates based on LCS0s for golden
orfe from AQUIRE and caleulated using Equations (2) and (5).

2.Hexanone, The chronic value and test EC20 value are estimates based on an LCS0 for
Pimephales promelas from Geiger et al, (1986) and calculated using Equations (2) and (5).

1-Methyinaphthalene, The chronic and test EC20 values for fish are estimates based on data for
Pimephales promelas from Mattson (1976). The values were caleulaled with Equations (2) and (5).

4-Methyl-2-pentanone, The chronic value for fish is from Call ct al. (1985). FPimephales
promelas embryos, larva, and juveniles were exposed for 31 to 33 days.

2-Mecthylphenol. The chronic value for daphnids is an estimate based on data for Daphnia magna
from Adema (1978) and Canton and Adema (1978). The value was calculated using Equation (4), The
chronic and test EC20 values for fish were estimated using an LCS0 for rainbow trout from DeGracve
et al, (1980) in Equations (2) and (5).

Methylene chloride, The chronic value for fish is from Dill et al, (1987). Pimephales promelas
were used in 32-day embryo-larval wsts, The chronic value for daphnids is an estimate based on data
for Daphnia magna {rom LeBlanc (1980) used in Equation (4). The test EC20 value for fish is {rom
Black and Birge (1982). (Refer to the section on benzene conceming data from this source.)

Naphthalene. The chronic and test EC20 values for fish are from DeGraeve et al, (1982), and the
test EC20 value for daphnids is from Geiger and Buikema (1982).  Pimphales promelas were used in
cmbryo-larval tests to determine chronic toxicity, The chronic value for aquatic plants is from EP A
(19801). The alga, Chlorella vulgars, exhibited inhibited cell numbers in 48<hour ECS0. The chronic
value for daphnids ts an estimatc based on data for Daphnia magna from EPA (19801) used in Equation

(4).

4-Nitrophenol. The chronic and test EC20 values for daphnids are {rom Francis et al. (1986). The
chronic and test EC20 values for fish arc cstimates based on data for bluegill from Buceafusco ctal .
(1981) and uscd with Equations (2) and (5). The EPA (1978) is the source for the chronic value fo r
aquatic plants. Sclenastrum capricornumim exhibited chlorophyll A reduction in 96-hour ECS50,

N-nitrosodiphenylamine, The source for the estimated fish and daphnid chronic valucs are
Buccafusco ct al, (1981) and LeBlane (1980), respectively, Equation (2) was used to caleulate th e
cstimated fish (bluegill) value, and Equation (4) was used for the estimated daphnid ( Daphnia magna)
value, The test EC20 valuc for fish is also an estimate, Buccalusco et al, (1981) provided the LCS0 for
bluegill used with Equation (5) to esumate the EC20.

PCBs: Total, There are NAWQC for PCBs, but the chronic criterion is based on the [inal residuc
value, Since that value is intended to protect the use of aquatic life, an SCV is calculated to proteet the
aquatic life itself. The fish lowest chronic value and test EC20 are from a full life-cycle test of fathead
minnows by DeFoc (1978). The lowest chronic value and test EC20 for daphnids arc from a 2-week
continuous {low test with Daphma magna (Nebeker and Puglisi 1974), The lowest chronic value for
non-daphnid invertebrates is from n 3-week LCSO for Tanyrarss dissimulis by Nedeker and Puglisi
(1974). The lowest plant value is for reduction in carbon fixation by Scenedesmus quadricaudata in
a 2d-hour test (Laird 1973).
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PCBs: Aroclor” 1221, The chronic and test EC20 fish values are cstimates based on data for
cutthroat trout by Stalling and Maver (1972), Equations (2) and (5) were used to determing the EC20
value for Nish, The chronic value for aquatic plants is a #X¥hour LCS0 for LEunglena graciliy (Ewald et
al. 1976).

PCBs: Aroclor® 1232, The chronic and test EC20 (ish values are estimates based on data fo r
cutthroat trout by Stalling and Mayer (1972) and AQUIRE. The geometric mean was derived from these
two values and then placed into Equations (2) and (5).

PCBs: Aroclor® 1242, The chronic and test EC20 values lor fish are from Nebeker et al, (1974),
Pimephales promelay were used in full life<cvele tests. The chronic values for non-daphnid invericbrates
arc from Nebeker and Puglisi (1974). Gammarus pseudolimnacus were exposed to PCBs for 2 months
in o continuoussflow svstem. The chroanic value for aquatic plants is a 24-hour test in whic h
Scenedesmus obtusiuseuluy showed growth inhibition (Larsson and Tillberg 1975).

PCBs: Aroclor® 1248, The chronic and test EC20 valucs for fish are from DeFoce ct al, (1978),
and the chronic and test EC20 values for daphnids arc from Nebeker and Puglisi (1974). The chronic
vuluces for fish were full lifc-cycle tests carried out on Pimephales promelas, The chronie value for
daphnids was determined through 3-week exposures that ereated a 16% reproductive impaimment i n
Daphnia magna. The chronie value for a non-daphnid inveriebrate is from Nebeker and Puglisi (1974),
Gammarus pseudolimnacus was exposed for 2 months,

PCBs: Aroclor® 1254, The chronic value for fish is from a brook trout life-cyele test (Mauck et
al, 1978), and the test EC20 value is from a fathcad minnow life-cvele test (Nebeker ctal. 1974), The

chronic and test EC20 valugs for daphnid s are from Nebeker and Puglisi (1974). Daphma magna were
exposed for 2 weeks in a continuous-flow cnvironment, The lowest chroni¢ value for nondaphni d
invertebrates is from a 3-week LCS0 for Tanytarsis dissimilis by Nedeker and Puglisi (1974). The
lowest plant valug is for reduction in carbon fixation by Seencdesmus quadricandata in a 24-hour test
(Laird 1973),

PCBs: Aroclor™ 1260, The chronic and test EC20 valucs for fish are [rom DeFog et al, (1978).
The chronic valuc is ambiguous because significant ¢lleets occurred at the lowest concentration tested
in a 30-day fathead minnow larval (est at the lowest concentrations tested (1.3 pg/L) but not in a 240-day
lifecycle at the highest concentration tested (2.1 pg/L).

1.Pentunol. The chronic und test EC20 values for fish arc estimates based on data for rainbo w
trout [rom AQUIRE and caleulated using Equations (2) and (5).

Phenanthrene. The chronic and test EC20 values {or daphnids are from Geiger und Buikem a
(1982), The chronic value was determined using Daphnia pulex in full life-cyele Lests,

Phenol, The chronic and test EC20 valucs for fish arc from fathead minnow ecmbryo-larval tests
(DeGracve ct al, 1980), The chronic value for daphnids is an estimate based on data for Daphma
longispina from EPA (1980v) and caleulated using Equation (4). The chronic value for aquatic plants
is from Reynolds (1975), Selenastrum capricornutum exhibited 60% reduction in cell numbers and
12% growth inhibition,

2-Propanol, The chronic and test EC20 values for flish are estimales based on data for Pimephales
promelas from AQUIRE and Veith ctal. (1983). The geomectric mecan of these LCS50s was used i n
Equations (2) and (4).
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1.1.2.2-Tetrachlorocthane, The chronic and test EC20 values for fish are from Ahmad et al.
(1984), and the values for daphnids arc from Richter ct al, (1983). The chronic valucs for ish were
derived from embryvo-larval tests on Pimephales promelas, The chronic values for daphnids were
derived (rom 28-day tests run on Daphnia magna. The chronic value for aquatic plants is from EPA
(1978). Selenastrum capricorniium exhibited chlorophy!! A inhibition in 96-hour EC50,

Tetrachlorocthene, The chronic value for fish is an embryo-larval test on fathcad minnows (EPA
1980aa). The test EC20 value for fish is rom Ahmad et al. (1984), The chronic and test EC20 values
for daphnids are from Richter et al. (1983). These were 28-day tests on Daphma magna, The plant
valuc is from EPA (1978). Sclenastrum capricornutum deercused in cell number and chlorophyll A
during the 96-hour EC50.

Toluene, The chronic value is an estimate based on data for Daphma magna from EPA (1980cc)
and caleulated using Equation (4). The chronic value from Pimephales promelas 1s from Devlin
ct al. (1982), The test EC20 value for fish is from Black and Birge (1982). (Refer to the sectionon
benzene.) Chlorella vidgars was used in 10-day tests by Kauss and Hutchinson (1975) to determine
the chronic value for aquatic plants,

1,1,1-Trichloroethane. The chronic value and test EC20 value for daphnids are from Thompson
and Carmichacl (1989). Daphnia magna were used in 17-dav chranic tests, The chronic value and test
EC20 for fish were cstimated based on data for Pimephales promelas {rom Alexander ct al. (1978) and
calculated using Equation (2). The chronic value for aquatic plants is from EPA (1978). Selenastrum
capricornutum decrcased tn chlorophyll A and cell numbers in the 96-hour EC50,

1.1.2-Trichlorocthane, The clronic value and test EC20 values for fish are from Ahmad et al .
(1984) and the chronic and test EC20 values for duphnids are from Richicr ct al, (1983). The chronic
value for fish is based on 32-day embrvo-larval tests on Nimephales promelas, while the chronic value
for duphnids is bascd on 28-day tests on Dapimnia magna,

Trichloroethene, The chronic and test EC20 values for fish are rom Smith et al, (1991),
Jordanclla floridae, the flagfish, was used in 28«day embryo-larval tests,  The chronic value for
daphnids is an cstimate based on data for Daphma pulex from EPA (1980dd) and calculated using
Equation (4),

Vinyl acetate. The chronic and test EC20 values for fish are estimates based on an LCSO for
Pimephales promelas rom AQUIRE calculated using Equations (2) and (5).

Xylene, The chronic value for fish is an estimate based on an LCS30 for common carp from
AQUIRE and calculated using Equation (2), The test EC20 value for fish is from Black and Birg ¢
(1982), (Refer to the section on benzene.)
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4. APPLICATION OF BENCHMARKS

Usc of'these aquatic screening benchmarks requires that the assessor choose which benchmarks to
employ and which water concentrations to apply them to. The choice of benchmarks depends on th ¢
interpretation of the benchmarks, their regulatory standing, and their degree of conservatism.

Each of the alternative benchmarks has a different interpretation. Exceedances of NAWQC create
aregulatory imperative for action under the Comprehensive Environmental Response, Compensation,
and Liability Act (CERCLA) because they are ARARS . Exceedance of'a Tier 11 value implics a greater
than 20% chance that the NAWQC, if their value were known, would be exceeded. Exceedance ofa CV
indicates that the ficld concentration is greater than a concentration dividing statistically insignificant
from significant cfleets in a chronic toxicity test, Exceedance of a test EC20 indicates that biologically
significant clleets levels were exceeded in a chronic toxicity tlest. Exceedance of the SS test EC2 0
indicates that a biologically significant ¢lTeet level may be exceeded in a sensitive species. Exceedance
of a population EC20 indicates that a significant reduction in a largemouth bass population could occur.,
Therclore, execedance of cither the acute or chronic NAWQC indicates a need for action, Exceedance
ofan SCV implics a low nsk. Exceedance of'any of the other benchmarks indicates a risk of' real effects
that should lcad to additional data collection and assessment. However, these inferences all depend on
comparison of the benchmarks to appropriatc waler concentrations,

Contaminant screening is not a regulatory process, bul managers at some sites prefer 1o use only
values that have regulatory standing. The NAWQC are clearly reguta tory values in that they are ARARS
and have been adopted by Tennessce and most other states as water quality standards, Lowest chronic
values (the last column in Table 1) have been presented by the EPA in pluce of NAWQC (EPA 1986b),
but they are not criteria. They merely indicate that the EPA belicves toic effects may occur at tha
concentration, The Tier Il vidues (SAV and SCV) arc proposed by the EPA as values that could be used
for regulatory enforcement in the Great Lakes (EPA 1993a). Th ¢y are more conceptually consistent with
the NAWQC than lowest chronic values and may come to have the same standing as NAWQC, bu
currently they arc only proposcd by the EPA.

OSWER"s Ecolox Thresholds and Region Vs screening values (or values proposed by othe r
regions) arc alternative benchmark scts derived by the EPA, Both arc based on NAWQC values ;
however, Region IV uses values adjusted to S0 ppm hardness which is unrealistically conservative for
most sites, while OSWER adjusts to dissolved-phase concentrations which are not available for most
screcning assessments, [n addition, Region [V uses NAWQCs based on fish marketability which is not
relevant to protecting aquatic life. Therefore, the standard EPA OfTice of Water NAWQC values and
FCVs in Table | will be more useful in most cases. When NAWQCs are not available, the ET s
correspond to SCVs, but some of the SCVys hav ¢ been superseded by values presented in Table | of this
document. When NAWQCs are not available, the SVs arc based on divisions of lowest toxie values by
10 or 100 which is cquivalent to derivation of SAVs and SCVs but is not as scientifically defensible,
Therefore, for the Ouk Ridge Reservation and many other sites, the NAWQCs and Ticr 1] values listed
in Table | are gencrally preferable to cither the ETs or SVs.

As discusscd in the introduction, the chronic benchmarks are to be used as lower sereenin g
benchmarks. The acute NAWQC and SAVs arc to be used as upper screening benchmarks, However,
because ol their conservatism, exceedance of the SAV cannot be taken o indicate that severe effects are
likely to be occurring. I an SAV is exceeded, the assessor should examine the acute values used t o
gencrate the Tier Il values (Appendix A) and judge whether in fact severe effects are likelv.
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All of these benehmarks arc based on toxicily tests conducted in the laboratory. Therefore, the y ;,
should be compared to water concentrations that are as cquivalent as possible to concentrations in test =
water which is nearly all dissolved, The EPA Oflice of Water has decided that for metals the appropriate o
comparison is to concentrations in 0,1 10 0,45 pum filicred ambient water (HECD 1992, Prothro 1993). d
Acid soluble or even total recoverable concentrations, rather than dissolved concentrations, arc ofie n ,‘
reported because they are required lor human health risk assessments, In addition, Region [V and most :

other EPA regional ofTices require usc of acid soluble concentrations in ecological risk asscssments for
the sake of conservatism, However, acid soluble concentrations of metals typically include 30 to 95%
particle bound material (HECD 1992). Therefore, acid soluble ¢ oncentrations should be used for aquatic
ccological risk assessments to satisfyv the regional regulators, but dissolved concentrations should also
be used if possible for a realistic screening of the chemicals and to make realistic estimates of risk,

The NAWQC for hardness dependent metals are based on a hardness of 100 mg/L, which i s
approprialcly conservative for ambient waters on the Oak Ridge Reservation, Iff these benchmarks arc
applicd to a site with hard or soft water, the NAWQC for thosc metals should be recaleulated as
recommended by the EPA,
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Appendix A

DATA USED FOR TIER II CALCULATIONS




TFable A.l. Data and calculaled results for derivalion of Tier Il values (all values in pg/A). Requirements are livted in App. B.2; other {erms
aredefined in the text
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Table A.L {continued)

_Compmpd _Grenuahpecies
Barium

Diphzia wagra 4
Daphksia magns

Febinogzmmcrus beriloni 5
Gemnazxipales 5
Poramapyrgas jerckinsi 73
Foeomopyrpan jorkiesi 73
FPoramopyrgus jerkinsi 7s
Potznapargrjochnsd 2.8
Potzmaprrgut jechinsd 75
Fozzmopyrgus jeckivsi 78
Porzmapyrgus jerkimi 78
Potomopyrgat jeckizsd 3

LCso

LC50

Leso

410,000

$.8M0

122000

138000

1.200

930

100

140

E30 ]

30

X0

70639

238000

g6 6

Refefegee

LeBlare, 1$30

Blcuirgor and Chrisieren, 1972

Vincrerteral 1535

Vircertera! 1936

Vaclie Mol V30
Varslle Mo, 1990
¥arcdie Storcd, 1550
Varelle Morel, 1990
Vel Mol 1990
Vasille Ml 1950
vasille Mexel 1990

Varetle Macl, 19590

Tt I PraToten Tiev HVa'ses
FAYF L1
SAV 6
SACR 2829
sCv 40

" Jo the atmerve of ary e perimerzal value, ECIS eI

caketes i A Crao.

. ‘ — N
GG ¢ WLLANGHTT » G0



\.M..h, « NIDNCOPATD » O

£L61 "=rig PR EIIg ost s x4 ETanad BRIy
€L41 WS fUR mIMS ol 1 1 L B
€L61 TS FREINS L 19 € €< BT NS
E R e | 0ivil (i3 .91 L) Ly 4 srjrcsd sopydrsd
PYLEESTE ous'tl o051 1 seppuicsd wydncg
Yl TEPLIVTR) ws'Le 0531 €1 wyrwond syrydrscd
981 EP INLN) I i o1 x4 rpucy epprspaes
961 RELINEED wr o531 €1 rpuef epprcpacs
961" EPE=FE) oyt o1 €7 xpucd oppuspaef
pearr Ut RIS 9s AD suzu orEydng
AT | o6l V34 s * vulru rrydeg
eI olre o1 ¢ caloa gvydog
9:61 @R OINTED one'ss WSS 0531 < IEiRD SXITITY
0661 " U@ g PR AT el cth o L ¥ i E LAt Ak ]
$161 " ird fx u g Iy, o1 [1.% 3 £T wardy FLen (Y
§i6l irg poe g s ]| £ S ECa pus A (Y
$161 Ay e amag oo 0531 Y4 T AT T (T
s1o8 "Cry fue Ty sl o6 £ wrTpRTM e (Y
$161 Iny poe wnany wre on £t v pusca Ly
$i51 @I LInY U0k axrol o8N £ sspranad sorrydrang
ST51° E R ™Y oxrol oot o« L ¢ wmedaz sxmU gy
| @R PRl ol ool 1.9 p ] L 14 SO TSI
5] RO OIeY o we (i )] Y sy LLon
ysl P pIey ouUce ool o5 L I} s ulyerolng
WA EPIEY 0U0l 00005 o531 s AN SRINY
y BOREXNS

{(panunued) |y qel




D+ WIPIDFIE »0m

113

o

A

WIS

AVS

EALE

REAI P

1681 wxPepy

(L8] "WDI0E puT Ty

e g 1] 25

o570 ool

TOH oiEl

P AT PN

PITOZI EIEON S
DU IEET

(paunuod) "Iy Iqel




Tahle A L. (continued)

Gennyspecies

Dophais majes 13300 Genad, 1544

Daptric wcpza 9330 Genich, 1534

Dophnis magra 18006 173,602 leeisandVa'coxire 1584
Duopkzia magea 2 | B EM) Lesiy ard Valeraine, 1581
Pryckr-bee'ss bectun Yy Hamiloe, 19635

Prcka bedes luciss Hrrion, 1945

Procho becdus B Hamhoe, 1995
Xyrcochen keeztat Har "oe, §995
Xyroacken werzras Haeiue, 1955
Xyrauchen keeznus Hamlwn, 1938
Gdaclegans Herlwe, 1953
Claclegzna 5 HaxMon, 1963

Gelaelegzns HamZwe, §953

*Tte A CRuiofx D. mogra b ke groecaic meas of A € Reion frum Genk b 1537 acd Lewis and Valeralre, 1581,

s
GG e (GO e YT
'\




 HENRA LI D

T Lr00 30§ X O EY,

(x4 ADS
$519 b. 81}
114 ] AVS
or 4Av4
s fax] [ LT ]
TR IE LY [y e ] 0 e [ R E] ¥ PRI R e ]
g5s) E R rF g 0651 S]] 0571 £ RlorpeIy ety
| KN e | o5 [ 47 14 AD praosd syvylreg
Tt | 533 e XY o1 x4 sopranad syt g
2261 TGN [CTN (L9 1] €2 wpruesd 1Tylra g
LS FrRelE | (1] re 61 £ wpresrad e oyt g
3161 @B =g anss ouUss (L E T CRIoND r AT
%51 wPEIv] ow'oui< 0501 14 [LE2 Sl M e |
gs§i e P EIny ouet< 051 ¥} BIUAE ERGIH
P TEP I oxucl< %] | s ot i s AT
FSs1 E R EI] oUrST oRrst s  f etz el
LE TN a1 ] (1R Y AD rafcm ennydog
LS Bl § 1734 oIS 0533 * calrw gt
161 TEEX o(r'9 o503 * tuloa wydog
sl fag oo oIy s €1 cdizrimuiy
vsst Hg os'y9 S 2] sl x4 SETURD SERETD)
Fis1°m Y e oNvpL< oSy 9 SRPRLISTI ARIRY
: - 2TOI
EE.DDT x] WPy WAL TRAEST I o

(panunuod) 'y 3jqeL




Table A.L. (continued)

Lidhm

CeguyNpecies

Fryehocketlus Excias
Prychox beilat facias
Xyrzackeg terzras
Xyrzachen lexzras
Guaelegons
Gelaelegons

Tabefes igffes

26900

41000 33850
$3.000

136 000 99290

62 D00

6500 63439
9330 2340

Tict Il Parxmctony

Heriloa, §953
HeenDlon, 1953
farlwoe, 1955
Harztooe, 1995
HarTae, 1955
Haxilua, 1953

EEarparo, 1951

Tocr L8 Valves

362

2580

79

biad s (OB GU e TEIF
~




3 S N0 DIM0T - P

Arveixaxjamerduy,
ol AJS
F 411 AINS
osTT AYS
91 EAN £
s 3 ey Y =T ]
PILTTR {681 st D 2w snoplrang
RN L1310 1Y a9t [+, % 1 | £t sefruiosd snrydrury
FTOEGTH 00y et [ 93 T sopracd sxpogdrang
LR | 05te! oxTel [ 2] ’ rufr praydag
PIETTTA 00s61 %l r vaFru prnydag
GESE UTEFIH POt 9NN OXIEL9 oEE9 054 < srrwatopresd 3imoduniy
S50 YADNICH FUT 9NN oEif OUEEE 053 < saxzzho sy
- i
PCEXEDS TERRIISS

(ponunuod) j'y AqeL




S3D A ERAN s N

§iouo AJS

[£51) NS

L1600 AYS

ikl dav4
s 7] R [Tt FETEEY]

SIS TP BN (X232 6150 AD spusaf AR ES

961" e B RS 173 8 051 1 sy seaipaves
9617 e P R g 59 oM 1 syl RS
1§61 I PR{EQ VA TR O 14 ¥ (1 90 ) | 1 1) axgouiyorg

oo lnug
WEOPEY — SUnIREy GRS DUSTLSY

(panupiued) |’y Jjqe




A
ABD P IOM0 s Dok

-

1R {om xof s SR ALY,

(1043

h'rare

[+ 21

[43]

ADS

BIvS

AYS

EALE

wrEAN S

unNEITR g §] sM]

LATREED | sy COTEY 1 sopnead sorydrang
TILEGTN 4T L ¥71 ] AD ralza gnydig
LA | OCL YR ocEeHT (L% rules rgeng
PILYGTN LLirg tind 0531 Fu¥ou ooydng
N g Qopd
BELEY GORRIGT PEnSATSy

(pIn3nu0d) 1"y 3|qelL




M0+ AT ¢ 8L

oLy 3 Y U IAANTI PRI N 91 T s Xon prryraadd (e jo aine e N,

sl A0S

(37 WS

Y]] AVS

9 ELNZ

wmEA 15 urroroy §laxy

61 @A R SR IR oUTSSE  OOFSSE s ] et 852 ST IO )
1588 wa ¥y st CCS oI 0533 re 1504y 1235t
sy wImE e ol g S5T Loy 9121 rutoweydog
61 BRI P 2T g OUsTE  oursTt s * rufca caydng

(panunuos) 1y IqeL




"0 300N 100 Y IYS 0] pra v Wk Lz e e 0 1xm i ) o aE ny,
1= X3 IV

ADS

AINS

AVS

EANE)

aTTanang ] 2%

LA R atys | 11913 6% AD soprwn d sy drung
LA R | 6L csey ©%1 i srprwosd enoydrun g
PARYIE § olre 0531 €t sprwosd snoydrung
[42.] ol S | e 0Tk (1% )] €T sy >ca e s raendz g
I151° R oxsxamg L1 E ] o5 € ey 2o e sruacdeg
261 ¥Q °r'e ooy AD snz oz wopewadiy
£161°¥43 0’07 051 S22 Bopeniad ()
EARRIT | 1y 1321 A ru¥oe orydng
PITETEN oscs ois 1. %5 | r v foma praydng
P iy o3 1903 4 ’ Tadrm puydng
I k" ¢
3xdaipy il )V AYIWD T RLDRRLEIY [ L

(panunuod) 'y 3qey




< ‘\
\h...m.ru L LOENTMNTD e NS

€Y D ¥ UR FAOEI LA ST 9] 3 RIT X005 Faraad i pourge X9,

T RJULEIPEY,

7] A5
(6% Ny
97 AVS
soT 4\wv4
sxEa 11271 unRTEY 1451
161 BRI e BIT G vist (11 S171 rufoa srydng
e61 PRI e PINEg Uss ourss o ¥ ratru ey dog

=1
THOSEXETT T PERRNRY

(panupuod) -1y Aqel,




Table AL (continued)

—Compoygd

Cenayypecies

Uraram

Safvelrnt forzinalis

SAelras fortim:ls

1C50 550

1€50 200 11250

Yicx U Prateun

Pailrscal,. 1534

Peiteraaal, 1534

Tics i ¥Valuen

FAVF

SAV

SACR

scv

242

45 43

256

. s
A XEN R #{ERI AN H RN dol o
~




ERERR ol Sh VY e

[ Rty
881X FA rany
Lisl " Rprgre

§561 PETH

561 o

1453 Resoerty |

PIIIGTY

PRLNTY

L ERRSES |

068 L T8 T sCTaT
sl "nteadg pue Ceeppey
5261 deady poe dewieny
$661 “wnzy

§561 gy

S66 | WL

1851 WKy g
£861°BIVONF 2ng
185) WK T W93
FINEEIES 2ES5 )
L8551 WU 8132
£551 WINT BRI

LR 0 |

Fd Rt |

oscl

LEit

osTot

uos

oy

[, 3]}

20510

s

SHLT

out's L )] a4 szurrn gy
oursa o8N 1 syrueeny v gy
oxre Ch )] | szl ey
o w1 £1 AwLxeg LIy NIy
oA L% 3 4 it seLwp e gy ey 3y
UYL (%] €T srLEp s Xy g
691 A soprosd ey lruzy
el (L% ) | LY 8 soproenad sapodaa g
wyl L% ) £t sopasnsd sy;zydrung
X9l (.9 ) | 1 ey nclrryy sy iyomug
s e O st eppncpacy
oK [L% 3 ) [ 4 rpucfyracacy
o [ g} [y sucfna r520)
QU o 1 wicdnspjo0
o 3] 7 sl 820
[LL] A rufru pruy Sy
e L 2] 4 rx¥ou puydog
e 0533 ] culow oy tng
o6'f 053 ] P |
ooy 1% 5 § ¥ ruSrw eruytogy
os'f 053 ¥ rx¥ra enptfog
Lo ] 3 t ra¥ou reydog
css'1 s ' cu¥ew pydg
3 Dttt
TS it LIS 20 | LSRRI PRIy

(panunuos) 1y aqey




T
ALE « IODORADN = D10

-

Ké

Gl Eowngiz o purudow (g poorg IV IR TWR A s ooy ) ¥ msundurpaws,

TARNGERALFIXCIDRY,

oT

(741

99z

£9

EANE)

rEAllal

§681 BT

§661 POTUTH]

bttt R IR |

LR RY

SrLTTIg B mT Y

srusT g arymsiiy

L LI ]

(panunuos) *jy 2qel




0 + i

o ADS
Y1 NS
950t ANS
19 EINE |
B XY FET] unToemy f) sxl
1541 eIy oSt GRITE 003 L 1] LR R RN
6551° E P LTW] oore ouueT (i3] | 5 iy ndgong
. I I0NTE
DO ORIy

(panunuod) Iy Jqe ]




AS1D < N0 - (e

ZNTLE AT U SOOI 50 05 3T R 330q AYTED o 1rdar pra wate T 06y AL TRt g 2 YOV T IR A PR e 31X T N T X S e o e Feurd TerA AR I TS,

o1 ADS

*IS

AYS

EANES
IR {122

FS1TERIYCg wEeITY seprumad sorRy L g

581 P aweeg [+ Vi sy od sojy Lt g

5597 3 2y OULSTL srpruicd sy dran g

cRs) Ty o oIy (L1539 3 onTIsS £ O SRR OINO
L5 Y R oK | [ 1Y) N R4 [+ T H ¥ B4 - AP IR KT, )

$XE TIPS U] [LE iR ] oL U0E'S LT ac T SRy
SSH1ITEPLINY QUUUCEC 1AL SR

Wil TRV ESe] oxoi< sz BT

93617 e gIe] [ LM £tz eno¥ag

€851 Traning o o ary 9564 K sutne pydog
€531 T azding P Fue gl LIT0C atrs ooy dog
Cs41 "Mooy pR ipToTy Lo it b9 ] 0OUUCS (E nulow siydng

261 FaTgrpy U AUty OO O OUFO 13RS PR R0
SRSE T P s3Iy (15401 4 4 U0 ey BLD AN 3 IO

1561 TS pre [ ws )y LR Uiy i) | w7 paydpena)
FAI TP LI o< auucle f ] SEPMLIT SEAY

i SHENVIIO ¥
DEIDPY LT TEATGREY kit | ESEISY DERRXEEY T pOSRne) —

(panuguod) "'y 2Aqel




LA L

£851° @R TS

(681 TIOTEX] P 2OTITE

PA-FIF 5 ]

(panunuos) 1y aqey,




»

ACLD GIN e 3

o551 Wt 007§ T 051 a4 s=pracd oy drung
651 @ Pt HUS ¥s70) o1 1 e nalanid sng iy oo
6617 P AT ocE's o | syraanyraliygsorag
$551 TV 2oy oIt Ly | ] 1y O g oy R
{851 L 3G oes i % | 1 s37y (e svgouiga00
B8] Ry oseT! (L% ] 1 Famy sy Ripasg
61" IS0 0T E o 1 synrpol sy niproug
9951 "IALTY P Trsyg 0eyi oI o5 (¥ srrgyvsTa smaod sy
Cse1 "&x 7o pow aomapy xRyt oUrSTE (L% ) ] (x4 smieed sonTry
BI5) T ® B SICIC wy'il usIz 051 T SECI R BRXNILIINED
$24] YTGY e TN s 3 2rd> 8 aXT$9Z 051 H nl eyl
$261 TOTY per e L liitly [).9n p ] t d s uydog
161 TISTY per ) o9 oSt i %) ¥ exfr eruydag
168 TOITY FUT XTIy oEFTLY s H ru¥=a ruptog
1261 TIRY par )y VOUPSE 053 t ralra syl
161 TEIGY pe ) OXFTIY (%) | ¥ Iz prytog
141 WOPY POt anar ) Oroly (1,98 3 | + calza rruydog
B8] TTHY prT XTIT ) NG 0537 ’ rtosenydng
086) " g OUONT (L9 1 | ¥ cafru caydng
6081 BB TOI 051l [ LY ool €« inTalorsesv)
£451°0X5S ouoct oot 051 9 T SXACN Ty
9741 Reuopepy P Loy oFH [ 231 1 4 VAT Gt e )
€661 T puv 0331 QOUEST oug ST o531 s suzsto Ay
2331309
SOUPY E2ils VR KA ) TV BOSEXEDT, TPRRIWEY

(ponunuos) 'y IqeL




.
LI WA s Q0L

r

(Y] ADs
[¥1] WS
11X 4 AYS
13 EAVE |
saEAR o unTrd 1AL
6617 R P I 0587 08¢0 051 (x4 senpup iRy y
6L T ROl o5rot esEol % 4 | (x4 LRI B ETLDY
26147 POl o0y 01 (%] ] (x4 TUGTI RS
FLE1 “RBI IO ot (L350 %4 sl €2 ETjana G Y
§551 “xeros poe Jryy oY% o €1 EiTpoEas g
o461 T P 1Y) ol 0CF 1 o L x4 srpux ol eprydong
- B 2D - fLIT) UK | TERGIIEHEIY g 45T e £.4. 7 T WEILSY

(panunuod) 'y 2AqeL |




vru + RGOIMD ¢ 300

IO A P BRI TINT, FUANT, ¥ F 5 TG FI TR I P AN [ e BTN R Y U,

AS

€IYS

AYS

ENE]
urFIERy [ IRy

851°¥d3 fr%d | sy akenoy
EhCilg 2 ¢ ] o1 ] SLECLT] €207 T
851 VA1 g ’ osJ1 1 sy oy raly U0

esstt BRIy (i3] o9 (1.9 5] ¥ Fulia craydg

BN BRIV AVIRD FHESSY —RET ey TR IERD

(panupuod) [V gL




Table A.L (continued)

Berrolatartraxre .
Ppi=2 pulex 4  LC0MOR H1 10 Trecvo et o L 1543

Tice [ Pearmcters Tix 1l Values

FAVF 0%

SAY 04378

SACR 179

sy 0022

*TMewg s huad ocaroa stanterd bt conservalfie, expoare of 96 toun. The star Led erporire is $3 b For dgpdeidh,
Ttelerphof ke Dptridin 19 L1 om: ke 2ge of e Dapleid pevies is ot nateble.




.J..
ASLD CAGAN03 s 3200

“Zigr; £ 0o ek progdeg o o 2l T tuns | T 64 W FEFRTA AR o v T
perpSep K03 5 3 3 2nd s PARIS IY] WO 96 JO 32MEEI I UND00 1 TAPITS U B 20 P0G SER T 3,

S

IS

AYS

ERNE]
uresd I] A1

£551° ®Roa) srind £aydgy
szl epracg

TEO0Sy Rl 42 | ¥ TOWRXE [t I

(panupuod) "'y IgeL




SARCNOTNN » TGN

wTre pare m g,

ADS

YIS

AYS

ESNE
UNTUEFG ]I

L8817 PO s ST rangusg

[ LY L Ty

(panunuod) 1y 3qrl




~

1D 0 LSRG e D

-

98 ADS
sl DYS
€451 AVS |
1 FINY) W
LR XY FETY anoTrd g x| ;
961" R R AIDN Lo 0 QU (198 3 | £ sopruacad sy g
LS1 R arg ool OUUGL on (¥4 anrgsorm scd g
P¥ox g
EREE1D ) WK R R3 TATATY TEXESS —PONATSS

(panunuod) 'y qelL




Table A.1. (continued)

~Ceqpmpd Cepgyipeciey
BHC (xtadan Linlare) .
Dophria magnz 4

ECs0

Reggcerent . Fadooipt

Cogornteation GMAY A CRatio

RBelecence

0 an

Carnoe a1 2!, 1375

Tict I Parameien Ter I Value
FAVF s
SAV s02
SA(R 179
oV 22

FELG s (DWDGGH s &
~




Table AL (continued)

Compxod _Gepuypecies i Cegrptration GMAY A CEatio Esferea e
Bid2 ccky'beayl) pikalme

Chiroromas plumcexs
Duph-iapales
Dophbniagmagra
Dophaia wogra
Gemrerys prendiNomrzexs
Gaverasieny acxnlealss
Joto"sws puncterzs
Jordinella floridze
Leporis macrockirss
Irparis macrogchires
Oncorkynckay Lisch
O=corkarcbat mabin
Fimephaclcs promeln
Fimepheles provmelss

Rzngpipicrs

>10.G0
13}
20
912
>3200
>3X0

U AV
>320
>T770.10
>100.00
>130.m0
>3
>670
>160

1.4

Sunfenia u_ L1530
LeBlirc, §580

Al & Heildolpt, 1545
Adprs & HeiSolph, §538
Sxdenetal , 1973

vaz deg Dikberberg et al, 1539
Jobsson aed Fie'ley, 1530
Aldercactal, 1531
Boocafewoctal, §543
Jhewo ard Fieley, 1550
St ewoe ad Firley, 1550
Adamsenal L1963
Adarsandd 1995
Adarseaad, 1953

Brgeaal 1974

Ticr [} Parszctenn
FAVF

SAV

SACR

sCy

*THLOSO s as sl w3 calcutee e A Craela bot rut the GMAV becazne 26 BOCSO was avaldls.

P s UGG = Spap’
RS




Table A.L (continued)

Compoyad Cronsspecicy e apt edrath 5 X

2 Buvuroce
Dopkeia mogza 4 EC50 SLHE0 5051 00 Rarlall 2cd Keoypp, 1530
Porephzles peorelns 23 1050 3200000 3200 00 Vezheral §543

Tier I Parzreeen Tier (1 ¥Walues
FAYF 132

SAV 14240

SACR 179

v 14000

.
L

LG ¢ DOINIGSUT ¢

A\




Table A.L (conlinued)

—Lompomnd Cegyroedey
Carve &folfile"
Foecdiz reniods2a 3 LCSIMOR 40 40X Vanlecvnen et af 1555
Tz Ul Paranciens Tt il Va'ues
FAVF 2
AV 1653
SACR 179
v 092

*Akbough cxtoa Efrlile is 8 voloile compunr L igic tod 3 v ool berasng flow throcgh moaared o are pcan 2TaNe.

i LQUIDGR e Gy
~




kﬂb«EWQES.QS

TR AR FITEII wdacrp wog o Fundand proa ® St IPUO[ A D0GED 1IEIE,

13 ADS
Y1} VS
[E1) AVS
ol EINE
wnEA AL rere T YT EET
ER AR | iyds o06T SOt €3 sqyracad srydrand
T3 oogEy o1 £ ot s dnend
osst P30 ous 1y on i sopewnsd Lo dnad
STLOfTTED 0%
SEIGPY TR J 'V AVIAD -@%ﬂgﬁm éﬂmﬂjl‘dqmﬂal

(panuntuod) "'y 2qeL




Y
LMD NS aNad) s 5D
Vg

2

TRITIFGEIOTYD JOPSLI TP JO TATNI
FLTXUATOIE LI RAF I O PR Lz e QA K& TR VIR IDOC M P X BT W III0GOSTP 01 3 TUNIR 1] 38 $70 70557 T P rulog g PARSE R KTV,

A

AIVS

A¥S

$9 ERAVE)
AN ] urnxard 1yl

41 nuorTt pox J Ay DT[aITIIS DR INNY

51 @2 1359 3 srpraned sorydnag

$858 TR ey

851 @ inrg

sssL"E LTeo)

ss51 @ rIec)

st e wmive)

08§ o gry

et o)

$151 " P [Swo)

[T WIS AT E LT )

sy T buods g

culrs maydng

talrw oruydggy

ru¥ow iy tog

pu¥oa pinydog

NP ERyIeLR)

P ERYT L)

nslTEP i) D06L ey prayipu)

F51 ey pur Jrupd xyis KTis (138 2] TiZIND ENIMEIB)

e o AVILD BIGENTIN0 ) wredpug BAXNA RO

(ponunuod) 'y Jyqe |,




Table A.L {contlinued)

} —Lompoudd Cegnysuecks Roguicerient Epdaoiot ¥ th VAV a

’ Crloraform®
Etclars paatzss 23 LCS0 75000 75000 Arderog sed Ly, 1550
’I Lepursis macrochirus pA LC350 16200 Arderwoe ard oy, 1590
| Lepureis mscrockiras 23 LCSO 22300 Asdoron and 1wy, 1532
| Lepuomit maceo Kras 23 LC50 13,300 Ariroe and Lenry, 1959
Leporsis maceo Kirus 23 1E€50 13300 Arderwon ard Lesty, 1580
Lepornis macrockiras 23 LCSO 20.8%) 17339 Anleron ard Loy, 1939
| Kturopzeras wlmoides ) LCso 35580 Ardcron and Ly, 1530
| Micropierxt t2lmoidey 2 LCSO $2.500 Arderon ed ey, 1550
| Maropterss s2imnides 23 1C50 $5.40 51030 Arleron ard Loy, 1532
Orcorkyrckas myliv 1 LCSO 18200 Asnderoa and Levy, 1550
Orcock,n bat paking 1 1LC50 1830 Arderoe and ey, 153
Orcorkym bas moins ' LCsy 22190 Arderoe ard Listy. 1552
Oncorkyrckas plive 1 1LCS0 15100 Ardenoa ard Lesty, IS8
Oncork.ncbas makiss 1 LCSO 17,300 103 Ardenoa ard Lesy, 1530
FPimephales peorelas 3 ECS53 70,700 70.700 Ceigact 22 1990
Tur I Pracmcion Tier [l Va'ues
FAMVF 362
sav 939
SACE 119
Cy %

* Beoxne chhoedorm i 2 volefle coopaund, oty fure brocph, sraured 2t were bl

2%
M
N

NG e QNG

o



o o mam oo

ngo

(X

61510

9L

ST A TE 3]
9541 \RRI P P 23 {rjy
851 AU pe o ing
§61 7240 pot sap g

061 N35pFy

181 sotypr iy

9551 oAy pox nalngg
G851 e pue sz rpg
1e6) Naspurg
$3$1 "yl pae g
9551 YN Fow 2y
9851 1N px e dng
851 yorax3 poe aing
6961 gy
L6l “oopxs
TipL opag
R0 yonan[Y poe s3lepg
9861 WA P g
061 \pAs
9888 Yo pE s ing

i) opxg

[t T YET)

H
r
(113
ot
(573
oy

L9 ]

i

t
QUsE

30

(3¢
1]
L]

13 x4

§l

5t

Ci{

(2 73

o'

L 4

90

t

sl

9o

930

%0

[41

134

ctl

9l

G

.30 ) |

fL= ) |

L. 3 |

%1

(L9 ] |

(L ] ]

o¥

[F.98 § |

1.9 3 |

on

a1

(198 3 8

o1

5% ) |

%83

I3

(%1 ]

1. % ) |

0501

[ ¥4

L ¥

| X4

WYL BOFIANKE

. rpean mrpliateg
LEEVE S SRIRY SYE Y]
ETUALY uoTEE g
wepfonipd

sy gy trary
LIWIYTGTY IR AT
Enasyz prysrnrczaiey
3y e A lyaooug
TS SR x g
FUCELTITE N Y]
wwrpendsrigg g
LAY RTINS

L run of sk sy
v sz g
nd zaydng
oransadpndiy
IABICw OfF g

Lol bt Lo gl

SR WA STQAY

agads

“DORREEST

{psnunuod) j-y qelL



S T8 Mo BERY st b o Lo A JEI o SO0

FRFITAE WX 223w 30 TIWUD RO FOEIA; PR W N R ITNS PURL0) T I A 2 p R Ry,

ADS

wWIVS

AYVS

EivE)
Wnozes g 15

[t 0r3] ] ru¥ca suydngg

VI IY AV

(panupuod) *|'y 2qe L




\
* - »
i3 2 TN s O

TSNS 305 R Bod PO FUTOUNI S0 FrarS TP AHTdOop ) Y rad p oy s A TR eI,

1% AXS

5538 DYVS

ooet AVS

ar EING |

wnzEA L [YET Ty Ty TT
§851 S o I3y 8591 (417 A wprscad s drung
$661° F P ROy 1111 oS o £ sy syt g
$561 g e AR )R Y 74 s €7 pacad sy doung
51 E P Lo o5y 0501 ¥4 wpresd sroyduny
SEs1T RO eI ot o5t £ sopruead syrydracy
csel "y pasapy wxcl Sl %1 4 TE IRV ug
£o8l TR ey 19N R ¥ A (28 SRR Bt FoRce
£548 " E R LYy o5t o (%) | ] oy in seyuigoong
cssl T p ey €915 oo o501 1 sy oo smxedsy
1§51 [r R oxyzang axi o)1 ¥4 L e |
cssyizaypaanaypy 0662 0067 0531 £ ol iurTry
Cs5) sz pmacyyf oCH o1z o831 $ smorinspread s
fEs1 srme e irEyg 6LLs 008 A rulza madag
S381 3w por oy oxXs oxs Lz ¥ el £ruydng
OR31° F g o 11 s v stcnndienyy
rxpAiingu g
fataad ot | $qea )y AVILD BONEIBAIN wndpuy annr=biy oxhanzn) panchoo)

{(ponunuod) ‘) y JqelL




Tab!e AL (continued)

b Arton rote akity btarleen($ 272 ppcdand pik 6 § 3.0) icSeperndent, £o furker d2a a2 ava™ale.

“Derived from rarge (nZrgtest
4 ACR &exined from acvie w1 of fan al frlead s reows is the otly tent avclable as put of the vame vty as e chric e The Ndora! Gl &elires

fecommend ouirg pocelle b for &erhvirg ACR.
¢ Bacause of an actiders &urirg the experizmert Yerpk of de ww s 204 poaz Botok: dhe Nrsora! GoideEnes recormend 28 32 & pont Fan b for fisk ocber day wimonidh

of ik dedu 10 agY, “no ovidercr dx 2l gioral exponere Tre wocld bave produced ary meae s gfil sosch™.

Hoscver, the 2ubon e sirce 3 tarper sroeder

PO o (U0 s &Y

~




Table A.L. (continued)
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Table A.L (continued)
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Table A.1. (continued)
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Table A.1. (continued)
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Table A.L. (continued)

Lompound 0 Ceagyspedes K
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Table A.1. (continued)
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Table A.1. (continued)

—Lompound Cogashoeqics
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Table A.1. (continued)

Cenyyyoecies

Trakkroctere®

Jordzaella flocidze
Jordznctlis flnridze
Purcphsles promelas
Ponephales promelas

Poeptoles promeln
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1C50

LSO

8280 4133 Sarhaad 1951
11057 1553 Srih eral 1951
-
#1700 Alexacleretal 1978
£5.000 Walwidpe ot a?, 1543
£.100 4130 Gegaaad 1533
Txx tE Paramcten Ticx 1LV a'uey
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SACR 9353
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B-3
METHODS FOR DERIVATION OF TIER I1 VALUES
B.1 Method for data selection

The procedure used to sclect and aggregate test data was adopted from the guidelines for deriving
National Ambicnt Water Quality Criteria NAWQC) (Stephan et al, 1985). The sclection criteria are
summarized in the following text,

B.1.1 Chemicu! Considerations

Not all forms of inorganic chemicals require unique Tier I1 values, Metal salts with the sam ¢
oxidation state at ambient conditions (c.g.. BeCl, and BeSQ,) are expected to exhibit similar toxicity and
arc given a common Ticr 1l value, Nonionizable, covalently bonded compounds of metals or metals of
different oxidation stutcs were considered difTerent chemieals, for which separate Tier I values wer ¢
derived.

For volatile compounds, only results of flow-through tests with measured chemical concentrations
were used, if available, However, i low-through measured tests were not available, the genus mea n
acute vajuc (GMAV) was bascd on static and flow-through unmeasured tests.

Pesticides were screencd for commercial formul ations; wettable powder, emulsifiable concentrates,
and formulated mixtures were climinated, Only pesticides of technical grades or better were considered,

B.1.2 Dilution water considerntions

Test results were rejected iff unusual dilution water was used (e.g., TOC > § ppm, lack o [
appropriate salts, low dissolved oxygen), unless toxicity has been demonstrated (o be independent o [
these factors, Tests in which dissolved oxygen fell below 40% saturation for static or 60% suturation
for flow-through were climinated.

B.1.3 Biological parameters

Tests of certain organisms were excluded from the Tigr 1l value derivation. Single-celled orpanisms
and brinc shrimp (Artema sp.) were not used. Fish were gencrally limited to specics with wild North

American populations, However, if none of the tests with North American fish were aceeptable an d
values for other organisms were not available, non-resident fish were used.

Tests which did not refer to a standard procedure or indicate use of' a control group were excluded.
Acute tests in which organisms were fed were climinated, unless feeding was demonstrated to be
independent of toxicity.,

For the acute tests, only daphnids and midges (Chironomus sp.) have a specificd starting age.
Duphnids must be less than 24 hours of age at the start of the test. Midges in sccond or third insta r
larvac were preferred, but midge tests swarting at fourth instar were aceepted. Although the starting age
for all other organisms has nol been specificd, juvenile stages were preferred whenever they wer e
available (unless another life stage is more sensitive Lo the chemical). All orgunisms should reccive a
96-hour exposure period, except daphnids und midges, where 48 hours is the standard exposure period.
The endpoint for daphnids and midges is the EC50 for immobilization, T this is not available, LC50
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B-4

is used. For fish, the preferred endpoint is e EC50 for loss of equilibrium, immobilization, and/o r
mortality, [f'those are not available, LC50 s used.

In chronic tests, the starting age, exposure duration, and endpoints may be different for daphnids
and fish and for salmonids und non-salmonids. Daphnids must be less than 24 hours old at the start of’
the test, and the test should last atleast 21 davs. Endpoints are based on mortality and number of voung
per female.

For a given fish specics, preference is given to the following types of chronic tests in the order as
follows: full life cycle, partial life cycle, and carly lif stage. The less desirable chronie test is no t
included in the calculation if a more desirable type is available.

B.1.4 Variation of Acute Vulues within the sume genus

If the acute values within u specics or among species in a genus differ by a factor o’ 10 or more,
the higher valucs were excluded, und those that are within the factor of' 10 range were used to altain a
conscrvative estimate, 1 the acute concentrations of a given species difTer by a factor of two or more
among different life stages, the more sensitive life stage is used to protect the organisms in all life stages.

B.1.5 ACR Considerations

[f the acute chronic ratios (ACRs) for a chemical differ by more than a factor of' 10, the tests were
carcfully examined to determine whether outlicrs should be rejecied. ACRs from saltwaler specic s
should be used along with the freshwater ACRs when less than three ACRs from freshwater specics are
available, If the lowest GMAV is from larvac of bamacles, bivalves, lobslers, crabs, shrimp, or
abalones, the secondary acute chronic ratio (SACR) is assumed (o be 2. IMan ACR is less than 2,
acclimation may have occurred, The ACR isthensetto 2.

Preferenee was given to acute and chronic tests dong in the same study, 11 these are not available,
an acutc value with walter characteristics similar to the chronic value was used. 1f values from similar
water arc not available, the GMAYV of the specics is used with the chronic value to derive an ACR, I
muitiple chronic values for a specics are available but nong are part of the same study as an acutc tesl,
the geometric mean of the chronic values was ¢l culated and used with the GMAV to derive an ACR for
that specics,

B.1.6 Acceptable exposure types and life stage used to derive ACR

For daphnids, renewal is required for chronic tests; while for acute tests, static exposure i s
acceptable, All chronic test concentrations should be measured. The life stage of daphnids has to be 24
hours or younger at the start of both acute and chronic tests,

For fish, both ncute and chronic tests requi re Now-through measured tests. For acute fish tests, the
life stage of the organism should be juvenile.

B.1.7 Qther considerations

Concentrations above the solubility of chemicals and “greater than™ values were used only when
at least onc definitive concentration was available,
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B.5
B.2 Calculation method

Tier {1 values are derived if fower than cight of the acute data requirements or three chronic data
requirements presented in EPA (1993a) are met, The cight acute data requirements include:

The family Salmomdae in the class Osteichthyes

One other family (preferably a commercially, or recreationally important, warmwater specics)
in the class Osteichthyes (e.g., bluegill, channel catfish, ete.)

A third family in the phylum Chordata (¢.g., fish, amphibian, cte.)

A planktonie crustacean (c.g., a ¢ladoceeran, copepod, ete,)

A Dbenthic crustacean (¢.g., ostracod, isopod, amphipod, erayfish, ctc.)

An inscet (¢.g., mayfly, dragonfly, damsclfly, stonefly, caddisfly, mosquito, midge, ctc.)

A family in a phylum other than Arthropoda or Chordaia (e.g., Rotifera, Annelida, Mollusca,
cte.)

8. A family in any order of insect or any phylum not already represented

» -

Nanmhkw

If all of thesc dnta requirements arc not mey, then an FAV is caleulated, The FAV is a Tier [
criterion, and its derivation is documented in Stephan ctal, (1985) and in Appendix A ol EPA (1993a).
The FAV, however, is used in the derivation of the SCV if the chronic data requirements are not met.

Tier 11 values, as mentioned previously, are calculated when the data requirements are not met. The
first calculation of the Tier Il criteria is the SAV, The SAV is derived by tking the Jowest genus mean
acute value (GMAV) for any of the gencra present and dividing it by a Final Acute Value Factor
(FAVF). The FAVF is sclected from Table B.! where n is the number of the cight acute data
requirements that are satisfied, FAVFs are selected [rom the tw o columns depending on whether an acute
valuc (LCS0 or EC50) for a daphnid is included in the data set,

Once the SAV is caleulated, the Secondary Acute-Chronic Ratio (SACR) is derived, 1fthreco v
more Acute-Chronic Ratios (AC Rs) arc present, then the SACR is determined by finding the geometric
mean of the ACRs, There must be at lcast three ACRs. I( there are not three chronic values from the
literature, then a default value of 17.9 (EPA 1991) is used unti! the total number of ACRs is three, If
multiple ACRs arc given for the same genus, then the geometric me an of those ACRs must be calculated.
This genus mean ACR can then be used in the denvation of the SACR. Therefore, several members of
the same genus can only present one value lowards the mandatory three. 17no ACRs arc given, then the
SACRIis 17,9,

The final calculation for Tier I1 valucs is the derivation of an SCV. The SCV is calculated by
dividing the FAV or SAV by the SACR.
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Table B.1, Factors for estimation of the Tier Il values (EPA 1993 and Stephan 1991)

Number of GMAVs* Factor for data sets that Factors for data sets that do
include an acute value for a not include an acute value
daphnid" for a daphnid”

205 242
13.2 04.8
8.6 36.2
6.5 20,1
5.0 12.9
4.0 9.2
3.6 7.2

* GMAV is Genus Menn Acute Value
* Daphnidn includes members of'the genetuDapluia, Ceriadaphnin, and Simocephalus.,
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Appendix C

TABLE SHOWING CONCENTRATIONS ESTIMATED TO CAUSE
A 20% REDUCTION IN THE RECRUIT ABUNDANCE OF
LARGEMOUTH BASS, WITH UPPER AND LOWER 95%
CONFIDENCE BOUNDS
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Table C.1. Concentrations estimated to cause 2 20% reduction in the recruit abundance of irgemouth bass,mithupper and loner
95% confidence bounds. Al units are ug/L

Chemleal Test Species Test Tower Median Upptr Source
Type $5% CL 95¢:CL
Ammocis Fathead minmow Chrxic 39% 100 1535 Mayes ctal 1586
Fahead minnew Creenic 358 L} 00 Thntmetal
1985
Astunxay Fathead mmnow Acule bR b 01 EPA 1930b
Arsenic 1T} Fathesd minnow Chronic ) 1933 3i623 Calctal 1983
Arsceic V Fathesd mrnow At Fai) 159 1000 EPA LSS5
Rainbow trow Ands 0 100 oo | EPAI9SS2
Mosquitofish Acde N 338 m5n EPA 19352
Benyflem Fxhead mimnow Ate g3s 703 + EPA 1930F
Blaegil Ants 200 k)] 126 EPA i983
Hlagfish Anue 100 32 126 EPA 1930
Guppy Aose 158 15 126 EPAISSOL
Cainrom Fahead minnows Chronie 1 i0 79 Pl ering 3 G212 192
Blacgll Chrecis 192 13 50 Eaxton 1974
Brocl trout Chrcis o 126 (3} Beacit et al 1976
Brock trout Chrooie on 318 2% Sautoretal 1976
Flagfish Chrocic 053 358 b3 Calscaetal 1932
Flagfish Cheoeic on 316 794 Spekar 1976
Chromrara fil Rambow trowg Chrooic 13 126 1000 Strvees ad (hypom
1514
Chromam V3 Fahead mmnow Chrocic 2% 158 1260 Pikering 1989
Rambouw trou Clroeic 100 631 010 SxAeretat 1975
Cobalt Fahead minnoa Acute ots 398 n Lindet2) 1978
Copper Fxhaad minow Chrocic 0.40 353 3 Aot 1968
Fatheriemmnra Chrooic 032 318 1 Aartod Suphon 139
Bluegil Chronic 1975 13 b Benait 1973
Brock trout Chrocic 1 358 1 MK and Bl
1971
Brook trot Chronic 1 5.01 43 Sasteretal 1976
Ceba sa'mon Chraxeis 316 n 316 Hazel acd Menh 1970
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Table C. L. (continued)

Chembcal Test Species Test Lower Medlan Upper Scarce
Type 95% CL 954 CL
Fathesd mnow Chronk 316 40 316 Brungs 1969
Coha satnon Chrocic 16 126 M4 Fizlayyon and Verrae
E98d
Flagfish Chronic 6.31 32 126 Spehar 1976
Rambow trout Chronx 10 s01 5019 Srley etal 1974
Zircorivm Fakaad mirnow Acute 3156 %0 316 Cubmaacal 1977
Fathead mnnow Aande 316 50 378 Cuwlrazetal 1977
Fahsadomrnoa Ange 32 338 3160 Cuoshrman et ad 1977
Fathead mnncw Anga 63 794 6310 Cishnaaetal 1977
Bloegit Aodte 10 126 01 Cueshmactal 1977
Rlucgidl Ande 200 2510 15806 Cushmaactal 1977
Organks
AC 1705 Fathead mnnow Chronic 0 0006 001 0063 Spehar et sl 1933
Adctone Fatheafmirnew Ange 1780 19200 25100 AQUIRE
Riucgilt Anute 3160 50100 501000 AQUIRE
Rainbox rout Anute 1260 31600 316000 AQUIRE
Mosquitofish Andte 631 10000 100C00 AQUIRE
AGthiosulfate complex Fyhead mmnow Chroniz 1000 10000 740 LeBlanc et al 1584
Allxcxd Fahead mnnow Chrexic 316 0 631 Pubaing md Giliam
i582
Atrayzine Brook rowt Ctronic 100 1600 12600 AMaccl et 2l 197¢H
Benrene Fathead mimnow Actte 10 100 74 EPA 1930
Bluegil Actte i3 158 1000 EPA 1950
Rambox trout Ante {3 +3 316 EPA 9802
Mosqaitofish Asute 60 60 15100 EPA 1930
Guppy Acute 32 36 1550 EPA 19303
Berzadere Raxbow trout Acute 501 63 3t EPA 1580¢
laderont RETH 316 1 251 EPA 1980c
Flagfish Ante 10 116 e EPA 1980
Berzob: scdd Mosquiasfnh Acute 126 1260 10000 AQUIRE
Benry alechot Frhead minnow Acte 16 1782 12600 AQUTRE
Blocgill Anste 631 79 kY AQUIRE
Bo{2-cly Beyyfytchalate  Ratnbow trovt Acute 100 1000 Iy k] AQUIRE
Largemouth bass Acdte 25 E31 1580 AQUIRE
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Tab!e C.\. (continued)

Chemkal Test Species Test Lower Mcdiaa Upper Source
Yype 95% CL 954 CLL

1,4 Dichborobonzene Fakerd mrmnow Chrunic 32 338 6310 Akmadetal 1984
1, 1-Diakloroacthane Guppy Acue iss 1580 12600 AQUIRE
1,2-Ditlrocthane Fahead minoaos Acte 4 398 3160 EPA193CL

Blocgl Ange 316 3980 31600 EPA198CK
1, E-Dicklorothense Frhed mnow Acute 9 338 350 EPA 1980n

Blegill A o 501 3380 EPA 1580a
2.4 Dicthxophen? Faresd mnnow Chronic 32 200 1583 Hokembe et 2l §982
1.2-Dictbozopropane Fatkeadmirnow Clror 39 3380 33800 Bencitetal. 1982
1.3 Dictlocopeopane Fathcad oo Chrorise 0 010 0100 Benotet 2l 1982
13- Dicklropropene Hlocg: Aoute EN {3 42 151 EPA 19800
Dicthyl photulee Blucgid Acus 79 1000 &310 AQUIRE®
2,4 Dimathyipheood Fatealmmaon Chroeic 1% 1260 19200 Holcombe ctal 1982
Dimethyl phehalate Rambow trout Chronic 00013 003 0.40 Ward and Boeri 1991b
1.3 Dinsroberzene Rambow trow Chracie 190 1000 7340 Vo Dur Schalie 1983

RaThors o Chronac 63 794 6310 Vaa Der Schalie 1983
Ihmwosed Fathexd mnrow Chronic 013 316 0 Caletsl 1983
D a-octyl phthalaze Fakerdmirzow Chroex 200 1970 39890 MoCady sl Whitmeow

198%

Diwrun Fahead minoa Chroeic 1 16 [ 33 Calictal 1983
Dursban Fahead mimnoa Chroexe 00602 0032 020 Jarvinen et 2l 1983
DXNBP Ramhow trout Chrocic 0.0C0018 0 004 0003 Ward and Boxni 19312
Fridrn Frthead mirnow Crroa: 003 013 158 Carlsen et 2t 1582
Erdosciian Fakaaicenow Ctronic G402 0016 013 Macck et al 1976b
Pyl benrene Fabead mnnoa Andte 10 158 1000 EPA 1950p

Blacgill Ande 50 s 3380 EPA 1930p

Guppy Aage 3 74 010 EPA 1930p
Feritrathion Frhaad menos Chranic 0.1 126 1990 Klana etal 1984
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Table C.1. (continucd)

(hemical

Test Species

Soarce

Florzthene
Frridone

Fooolos

Gelicon

Heptxchblor
Hexxchlorobutadione

Hevwblorocycloherere (Entaxne)

Heuchlorocthane
Hexanone
Kelhane

LAS 12
ias1.vy

LAS Mintre

Malahion

1M ehynaphitbalene
$Mahy 1-2-peatanone
2 zthy phenol

Matydene chlodds

Naphhalene
$Nrrophendd

Blucgll

Fahead mirnow
fatad minnow
Faterlmmnow
Frhead mrnow
Fatead minmow

Rloegll

Macek etal 19763

Fakead minnos
Fakead minnew
Fahealmnnow
Frhedmmnos
Fathead oo

Fahead mrnow

Thagfnh
Fatesd mrnow
Fokesi minnoa
Fatadminow
Blaegl

Razbow trout

Fatead cimnow
Bivegill

Fxtead mxnorw
Frherd mnooa

Blue gyl
Rarbow trout

EPA 1580y
Hazelink et 2l 1585

Pilering .nd Galiam
1582

Adctnanetal 1976
Macck et 21 19760

Beooitet sl 1982

Abeadaal 1984
AQUIRE
Spchar et al. 1982
Holmas et 2l 1580
Holmaa et at 1980

Polaring and Thatoher
197

Hermantz 1978
AQUIRE
AQUIRE
AQUIRE
AQUIRE
AQUIRE

AQUIRE
AQUIRE

DxGrasve etal 1982
AQUIRE

AQUIRE
AQUIRE
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Table C.1. (continued)

Chemical

Test Species

Upper
95%CL

Nritrosodphenylimine
FCBs Arovkx 1221
PCBs: Arockr 1232
PCBs: Arockor 1242
FCBs: Aroclor 1243
PCBs: Arockor 1254
FCBs. Arochor 1260
Peatabhhorocthane

Pentatdorophenol

Fhaaol

Propanit
2-Fropanol

Pyarin

£.1.2.2-Tetrachlorocthase

Tetrakloeoxthene

Chxanel caifish
Bloegill
Cutthroat trout
Cuttbroat rout
Fakead mirnow
Flagfish
Fathead mixion
Cuthroat trout
Fahead mnnow
Fahead munow
Fxhead mow
Frhead mnnora
Frhead mnnoa

Fathead mamoa
Rambow ot

Bluegifl
Rarbow trout
Fattead mnnos

Fahead mnnox
Rarbow trout

Fahesd mnnow
Fateadmmooa
Fakead mimnors
Fahead mrnow
Fahead minnos

Blocgpll
Razbow trout

200

AQUIRE

AQUIRE

AQUIRE

AQUIRE”

Nebeler et 2l 1974
Nebekeret al 1974
Nebeleretal 1974
AQUIRE

Abanadet 2t 1984
Holosabe et ). 1982
Spcka e12). 1985
Spckar et al 1983
Spehar et 2l 1583
Spehar ctab. 1985
Dusnsuwe e XChypmn
1584

AQUIRE
AQUIRE

Spehor et 2l 1583

Pegrasne etal 1980
Degraeve et 21 1980

Call et 2l 193]
AQUIRE?

Spekor et 2k 1982
Akraletad 1984
EPA 195021

EPA1980aa
EPA 198022

UL ¢ QLMD
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