= : LORdS ﬁdff
- SITE: | fir o

. . v BREAK: _11-7
ORNL--6251 = ' ‘

. - OTHER _S50505¢C .
DE86 010063 . S S O -
ORNL -6251

Dist. Categor"y uc-11.

ENVIRONMENTAL SCIéNCES-DIVISION‘ -

USER'S MANUAL FOR ECOLOGICAL RISK ASSESSMENT

Editors
L. W. Barnthouse crp333832397F
\ 6. W. Suter II S2BEREZS3E
>E = 33
- ' 18298%935%
i 30 -~ a & o
Other Contributors E2PeSEg 2]
: : §2283 %s ERE
! (- [} -3 a
S. M. Bartell ' ?:gf;_%'e%gg%
J. J. Beauchamp : gf—gg-zgzg’: ;%-
R. H. Gardner 333§'§§§5g&
E. Linder 2fza.88385.
R. V. 0'Neil). Eggagggfiz
A. E. Rosen sR533835 98 . -
| ' TgloZeeig: 2
ORNL Prcject Manager .%.r%g% g% ‘i;? 2 § ‘
- g22882333% » -
S. G. Hiidebrand Lieisiiii; 2
: . 'f-ggg?-.o‘?'g E}
Environmental Sciences Division gag ;5% 3.% o
| Publication No. 2679 2888584
' - : 22288237
EPA Project Officers 22581 %5 3%
) ) g I S - R R
e 3x=8748%3 \
A. A. Moghissi 3 ,._;c,%;gg ‘
F. Kutz 320358 s ;
. 1§13cEaic ;
" Date of Issue -- March 1986 gs%:’i%i;%%
’ ' 0 t3 g wER Y
. Prepared for ;,ﬁ.~g§§g%_§§-
Office of Research and Development gaEFIRTS
U.S. Environmental Protection Agency _
o washington, 0.C. 24060 } ]
Interagency Agreement No. OW 8993 0292-01-0 ‘~ ' oo
" (DOE 40-740-78) ~ o
Prepared- by the
0AK RIDGE NATIONAL LABORATORY , ‘ )
Oak Ridge, Tennessee 3 Y
' operated by - . : .
MARTIN MARIETTA ENERGY SYSTEMS, INC. |
: - . :for the - .. :
U.S. DEPARTMENT OF ENERGY SDMS DoclID

505056 -
under Contract No. DE-AC05-840R21400

b

. Y
: i eperr 1n e SEATT
s I TR L Ft e 15 L)m.-&{m_ _
RS PSRRI -

1¢z9-TNE0 S0a |

i




ﬁy-".

ble of mformatlon contanned
DOE’s Research and Development

academic communlty, and federal
state and local governments.
- Although a small portion of thls
report is' not reproducible, it

the -availability of mformatuon on the
research dlscussed herein.

B
e

4

ey

Py
.

Reports to business, industry, the

belng made available to expedlte

&-..,



by

DS ORNL-(AS]

CONTENTS

Page
CONTENTS © & v v e o e e e e e e e e e e e e e e e e e e e e

LIST OF FIGURES . - -« « v v v e v i e e e s i

LIST OF TABLES . . . . . . . . U P
ABSTRACT » v oo v e e e e e e e e Rt §

1. INTRODUCTION . . . . . . . .t i vttt e e e e e ]
1.1 Concepts and Definitions . . . . . . .. ;‘. S 2_)
1.2 -E]eménts and Rationale for Risk Assg§§ment Hethodologyv .,." 4

1.2.1 End Points fbr'ENVironmeﬁtal Risk Assessment e 6

1.2.2 Methods for Eco)ogicalA£ffects.Assessmént ... .9

133 Organization.of Users' Manual . . . . . ... . ... TN 3
REFERENCES (Section 1) . [ . . % . ot o v v v vt v v ... 18
2. EXPOSURE ASSESSMENT . . . . . . . L i .. 20

2.1 Surface Water Transport and Transformation . . . .. ... 23

2.2 Atmospheric Transport, Transformation, and Deposition . . . 26

REFERENCES (Section 2) . « . .. . . . . . e .. 29

3. TOXICITY QUOTIENTS . . . . . .. . ..... R . 3f';
3.0 Definition . . . o oe oot R
3.2 Factors . . ... o.o. .. e e e e e e e e 3N
3.3-.Imp1ementation- ... .'i‘, e e e e e ... 32

'3.3.1 Matching Exposure and Effects . . . P X
3.3.2 Benchmark Selection .. . .. . .......... 36
3.4 Discussion e e e e R .|

REFERENCES (Section 3) . . . . . . P 1




4.)

4.2

4.3

4.4

4.5

4.6

ANALYSIS OF EXTRAPOLATION ERROR

Definition

Implementation

4.2.1 Risk Calculation .
4.2.2 Extrapolation'v

4;2.3 Double Extrapolétion .
An Example:
4.3.) Data Sets

4.3.2 Extrapolatioﬁ Results

"4.3.3 A Demonstration . .

Risk Withnut Regression .
Comparison of Methods .

Diécussion

REFERENCES (Section 4) .

5.1
5.2

5.3

5.5

Aquatic Invertebrates and Fish .

»EXTRAPOLATION OF POPULATION RESPONSES . . . . ;'. .

Formulation of'COncéntration-Response Model .

Fitting fhe'Logist1c Model to
Concentration-Response Data .

Extrapolation of Concentration«Response.Functions and
. Confidence Bands for Untested Species . . .

5. 3 2 Ca]culation and Verification of Synthetic o

o o o o s e

Concentration-Response Funct1on

Calculating Reduction in Reproductive Potentia

Application of the Model to Rainbow Trout and

Large mouth Bass . . .

iv

.

5.3.1 Extrapolation of 8 and LCpg5 . S -

-1

54
55

58
58

60

70

I _ .
73

76

80 ‘

82 ‘ . ‘

87 o @
87. ' ’

88%f

89 o

92 -




5.5.1 Compar{son of Fitted and Extrapniated
' Concentration-Response Functions

andVUncertainty Bands . . . . . . . . . . . .0 .. 9b

5.5.2 Comparison of Extrapclated Concentration-Response
' Functions and Prediction Iantervais. for :
Different Species . . . . . . . .. ... ... .10
5.6 Discussion . . . . . . . . . .. ..., .5._} ... .'. .. 106
REFERENCES (Section 5) . . . . . . . . . . . . . oo v v .. .M
. 6. ECOSYSTEM LEVEL RISK ASSESSMENT. . . . . . . . . . . « «.e « . . 113
6.1 INtroduction . . . . e i e e e . . 113

6.2 Ecosystem Risk Methods . . . . . . . .. ... ...... 014

6}2.1 Description of the Standard Water Column Model
(SWACOM) . . . . . . R A 1)
. 6.2.2 ‘0rganizing Tcx{cjty‘oata e [ . Lot
16.2.3 General Stress Syndrome . . . . . .. e e }'119_ _ s

6.2.4 Microcosm Simd]ation,.f.‘}:.f,f._u B Y'Y 4
6.3 Uncertainties Associated with Extrapolation . . . . . ... 123 S
6.4 Results of Ecosystem Risk Assessments . . . . . . ... .. 128

.6.4.1 Risk Assessment for Direct and Indirect .
- Liquefaction . . . . . . . .. P 4 T

6.4.2  Risk Assessment of"Chioroparaffins . .»... .. ... .28
6.4.3 Patterns of Toxicological Effects in SWACOM . . . . 130
6.4.4 Using SWACOM to Extrapolate~éioassays < i ; . . . 134
6.5 Hoﬁte Carlo Methods and-Analysis. e e e e e e e .A. . . 136
6.6 Discussfon . . . .. ... ... ... 139

REFERENCES (Section B) . . . . + . . . . . L v v i v v v v .. . 142




7. GENERAL DISCUSSION . .

7.1 Spatiotempora] Scale in the Integration of Exposure
and Effects T

1.2 Interpreting Uncertainty

7.2.1 Inherent Variability .

7.2.2 Parameter Uncertainty

7.2.3 Model Error

1.3 lntekpreting.Eco1og1ca7 Significance

7.4 Other Applications of Ecological Risk Assessment

7.5 Critical Research Needs .

REFERENCES (SeCtion 7) . « v v v v v v e e e e e e e e e e
APPENDIX A.

" APPENDIX B

Acute and Chronic Effects Data Used 1n Analysis of
Extrapolation Error e e e e e . . .

Concentration-Response Data Sefs from .
Chronic Toxicity Experiments . . . . . . . . ..

vi

Page

. 145

.. 185
. 186
. 148
. 146
. 149
T
. 155
. 158
. 162

. 165

mnm




LIST OF FIGURES

Fiqure

1.3 Flow chart for: eco]ogica] risk assessment
of toxic chemicals . . . . . . ... .. .

4. Logarithms of L"gg values for 1ve11nu§ :
plotted against Salmo e e e e e e e e e e e e s

4.2 Logarithms of MATC values from 11fe—cyc1e or partial
- 1ife-cycle tests plotted against logarithms
of 96-h LCs5g values determined for the same o -
species and chemical in the same laboratory . . . . . . .. - 52

4.3 - Probability density functions for a predictéd
Salvelinus MATC and an expected env1ronmental .
concentration . . . . . . ... 0. P . 53

5.1 ©  Uncertainty band for the logistic model fitted tc
: concentration-response data B - 86

.5.2 Example of the procedure'used to verify the synthet1c“ T
.+ conceniration-response modeling technique . ... . . .. .. 90

5.3. Fitted concentration-response function acd uncertainty
- . "band for the reduction in female. reproductive poiential
of brook trout (Salvelinus fontinalis) exposed ’ .
"to methylmercuric chloride . . . . . . . .. . ... R )

5.4 Synthetic concentration-respons: function and uncertainty
band for the reduction i:: fem2ale reproductive prtential
of rainbow trout (Saimeo Jairdneri) exposed to nethylmercuri:
chloride. Chronic LCpss for the three 1ife stages
- were obtained by singie-step extrapolat1on from an. acute
LCsg for rainbew trout . . . . . . . .. ... . L ... . 58

5.5 Synthetic vencentration-response function and uncortainty
band for the reduction in female reproductive poieniial of
rainbow trout (Salmo gairdneri) exposed to methylrercuric
chloride. Chronic LCyg5s for the three 1ife stages .ere
obtained by two-step extrapolat1on from an acute LCgg for

fathead minnow (Pimephales promelas) . . . . . e e e e e . 100

5.6 Synthetic coencentration- response function and uncertainty
band for the reduction in female reproductive potential }
of rainbow trout (Salmo gairdneri) expozid to methylmercuric
_chloride. Chronic LC5S were obtained as in Fig. 5.4.
Uncertainty concerning the curvature of the function was
eliminated by setting the curvature parameter (8)
-constant at its median value . . . . . . . .. ... ... IR 11}

vii




Figure:
5.7

5.8

6.1
6.2
6.3
6.4
6.5

7.1

. technologies . . . . .

Synthetic concentration-response function and uncertainty
band for the reduction in female reproductive potential

of rainbow trout (Salmo gairdneri) exposed to cadmium.
Chronic LCpgs were obtained bv single-step extrapolation
from an acute LCgg for rainbow trout . . . ... . . . . ..

Synthetic concentration-response function and uncertainty
band for the reduction in female reproductive potential
of largemouth bass (Micrecpterus salmoides) exposed

to cadmium. Chronic LC)gs were obtained by two-step

extrapolation froem an acute LC50 for bluegill (Lepomis
macroch1rus) C e e e e

----------- o o o .

A schematic 11lustration of SNACOM (Standard Water ‘
Column Model) - . e

A'typical simulation of SWACOM showing seasonal
dynamics of phytoplankton, zooplankton, and forage fish

Risk estimates for naphthalene over a range
of environmental concentrations

.............

Comparison of risks among direct coal liquefaction

------------------

Comparison of risks for two 1nd1rect coal 11quefact1on

techno1onins e e e e e e e e e e e e e e

Four applications of ecological risk functions . . . . o

viii

Pége

103

104

115

116

126

127

129

156




LIST OF TABLES_‘

Table Page
4.1 ,Taxonomtc extrapolations i c e e e e .‘.”. }.. . 61
4.2 Summary of aquatic taxonomic eXtraootations e e e e e . .. B3
4.3 Acute- chronic extrapolat1ons C e e e e .. ... 66

4.4 Pooled variances of log LC50. Ecso. and MATC values
from rep]1cate tests . . B 4

- 4.5 ~Comparison of methods for est1mat1ng the MATC for a
species other than fathead minnow-.- . . . . . . . .. .. .. 15

5;1- “Life tab]e for rainbow trout (Sa]mo gairdneri). mod.fied. .
from Boreman (1978) . - K |

5.2 Life table for largemouth bass (Micropterus sa]mo1des). o
modified from Coomer (1976) . . . . . . . . ... 94

h.1 ~ Risks of increased algal production and decreased
. game fish production in systematic alteration A
; of the Genera] Stress Syndrome S 14

6.2 Toxico]ogica] data used in examination of patterns .
o of effects forcadmium . L.l el LA

6.3 Comparisons of responses to different patterns :
of sensitivity to cadmium . .-. . . . . . . .. e e o e . .. 133

7. Contaminant classes determined to pose potentially

: significant risks to fish populations by one or more
of three risk analysis mexhods: Quotient method (QM),
analysis of extrapolation error (AEE). and ecosystem :
uncertainty analysis (EUA) . . . . . . e et e eie e« . . . 154

:i*ch_ |




ABSTRACT

'BARNTHOUSE, L. W., and G. W. SUTER II. 1986. Users' manual
for ecological risk assessment. ORNL-6251. Oak Ridge
National Laboratory, Oak Ridge, Tennessee. 220 pp.
This report presents the results of affooréyear project .on
" environmental risk analysis of synfuels technologies, funded by the
Office of Research and Development (ORD),,U.S. Environmental Protection
Agency. The- overall objective of the project was to support the ORD's

synfuels research program by developlng .a rlsk assessment methodology

capable of (1) ranking the waste streams 1n a process by risk to the '
environment, (2) estimating the change in environmental risk that would
be achieved us1ng alternative control technoloayloptions, (3) estimating
the sensitivity of risk estimates to site-dependent varlables, and
(4) identifying research problems contributing the greatest uncertainty
- to risk estimates.
At the time the project was 1n1t1ated the kinds of environmental
risk analyses desired by ORD had nevor been performed and proven,
o quantltative methods analagous to the methods used to perform human

health rlsk assessments or englneer1ng safety assessments did not

exlst. Consequently, methods for quantlfylng ecological risks had to
be developed de novo and/or borrowed from other fields. An initial

- suite of five potentlally‘useful'technlques was applied in a
prellmlnary risk analysis of lndirect coalfliquefactlon technclogies.
As 2 result of this application, it.was determined that two of the
original five techniques were unsuitable for synfuels risk assessments.

The remaining three were developed further and applied in a unit-release

xi
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@ - risk assessment, a revised 1nd1rect Tiquefaction risk assessment, a
direct liquefaction risk assessment, and an oi1 shale risk assessment.

{: - The methodology used in the synfuels environmental risk
\] i ‘ . . ‘ . ) .
' L ~*~ assessments has many potential applications, in addition to the
) f specific purpose for which it was developed. This users' manual is
intendeq to faciiitate wider use of 'e‘cological risk analysis techniques

by (1) presenting the rationale for the approach developed in this

* .project, (2) describing the derivation and mechanics of the tliree
‘techniques used in the synfuels ri‘sk'assessments, and (3) discussing
the J_imitations and other pot_ential a_pp]iéat_ions of ecological ri‘sk

® assessment methods. A

®

®

®

)
®
o
xii
@




1. INTRODUCTION

L. W. Barnthouse and 6. W. Suter Il

This report preseﬁts theAmethodo1ogica1 results of‘a 4-yeaf project
on Sn_environmenta@irisk assessment of synfué\é technologies, funded by
the Office of Research and Development (ORD), U.S. Environmentai
Protection Aqency. The-overall objective of thé project wﬁs:to support
the dRD‘s,synfue‘s research program by deve]qping a risk assessmént
methodology capatle of (1) ranking waste stréam components in a prbcess
by risk to {he environmént, (2) estimating the change in envﬁronmeAta]
risk that would be achieved by alfernative control technology options.
(3) estimating the sensitivity of risk estimates to site—dependént
var1éb1es, and (4) fdentifying areas of research moﬁt l{ke1y to reduce
uncertainty in the risk estimafgs. The methodology would be required to
address both atﬁospheric and aqueous releases of chemical contaminants,
but would not be required to address nonchemiéél‘effects such as
thermal pollution or habitat disturbance. In addition, the methoddloéy
would be required to produce best estimates of environmental
,risk.rather than worst-case estimateﬁ. and to.exp11c1t1y quantify
- uncertainties'concerning‘magnitudés'of risk. The,metﬁodo]ogy you]d be
idemonstrafed by using it to perform risk assegsménps for three classes - .
of synthetic liquid fuels technologiéi:ldifect-cbéI 11ﬁuefaction;.
1nd1rect.coal liquefaction, and surface oil sha]g retorting.

At the t{me the projecf'was initiated, environmental. risk
assessments of the type deé%red by ORD had never;been performed, and

proven quantitative methods analogouS to the methods used to perform
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human health risk assessments or engineering safety assessments did not
exist. Consequently, methods for quantify1ng ecological rfské had to

be deve}oped de novo or bcrrowed from other fields. An-initial suite

of five potentiaf]y useful techniques were described by Barnthouse et

al. (1982). These five were apblied in a preliminary risk assessment

P

for indirect coal liquefaction technologies. As a result of this

_application, it was determined that .two of the'origiha14£11e;,

‘techniques, specifically fault tree analysis and the analytic h1erarchy

process, were unsuitable for syhfﬂels risk assessments. The remaining
—_— : - ‘ _

three yere‘further developed and app11ed.1n a pn1t—re1ease'r1sk

assessment (Barnthouse et al. 19%5a), a‘revise& indirect coal . . ?
~liquefaction risk asseSsment'(Qernthouse et al. 1985b), a d1rect_cda1 |
_11qdefactien efsk esseesment (Sutervet al. 1984). and an ofl ehaie risk

assessment (SUtee et al,'19§6).i". | | .

The methodology used‘in synfuels envfronmeﬁta] risk assessments -

has many poteﬁtial applications in addition to the spee1f1cypurpose for

“which i1t was developed. This u§ers' manual is intended to facilitate
- wider use of eeoloéﬁta]‘risk-aséessment techniques by (1)'preeent1ng

the rationale for the approach developed in this proiect, (2)'descr1b1ng

the derivation and mechanics of the three techniques used in synfuels

r1sk esseeements.-and (3) diseuséing'the 11m1taf1ohs eﬁd other

;potent1a1 applications of ecological risk asseSsment methods.

1.1 CONCEPTS AND DEFINITIONS

The approach described hefe is based on the concepts of risk

assessment and_r1sk management, as defined by Ruckelshaus (1983) and
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Moghissi (l984). The stimulus for adopting risk assessment-as a
23T V2 e

4fundamental component of environmental regulation is the.recognitiqn_

% that (1) the cost of eliminating all environmental effects of

/j technology is prohibitively high and (2) reguiatory decisions must

%‘ usually be made on the basis of incomplete ecientific information The -

—

objeetive of risk-based environmental regulation is to balance the

P ——————

- degree of risk permitted against the cost of risk reduction, against

ggmpeting risks, or against risks that are generally accepted]by the

_publiic. Scientifie risk assessment has-two roles in this process.
First, it provides the quantitative bases for balancing and comparing
 risks.. Second, it provides a systematic means of improving.the
understanding of risks by cemparing the relative magnitudes of
uncertainties cnneerning different steps in the causa) chain between
initial event (e.q., release of a toxic chemical) and ultimate
consequence (caneer_in humans oriextinction of a bird population).
Risk assessment may be defined as_the process of assigning
magnitudes and probabilities to adverse effects of human activities (or
‘natural eatastrophes), This brocess involves identifying the'adverse'
effects-to be addressed in the assessment and using mathematical or
statistical.models to quantify the relationship between initiating-
events and ultimate effects. Idealiy, although not aiways in practice,
the results of a risk assessment reflect botn the inherent uncertainty
- of events (e.g., probabilities of pipe ruptures or frequencies of
rainstorms) -and the scientific uncertainty resulting from an inadequate

understanding of cause/effect relationships.
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A risk-based approach to ecological effects assessment and . ' ,

management differs fundamentally from conventicnal im or hazard

Tt

assessment. In ecological risk assessment, uncertainties concerning
potential effects must be explicitly recognized and, 1f possible,
quantified. It is necessary to consider not only uncertainty regarding

the biological effects of environmental stressors, but also the

1nherent variability of natural popu]ations and ecosystems Moreover,

ecologica] risk assessments used in decision mak1ng shou]d be based to .

the greatest extent poss1b]e._on objective,estimates of ecological

aamaqe (e.q., probabilities of popu]ation extinction or reductions in

abundance of plants and animals). Such assessments require more

— . - —

information about the environments“and organtsms potent1a11y affectedl'

than is used in current hazard assessment schemes for effluent

discharges or tox1c chemical releases. : ‘ B e
1.2 ELEMENTS AND RATIONALE FOR RISK ASSESSMENT METHODOLOGY

The ecological risk assessment scheme adopted_for this project

consists of the'components outlined in Fig. 1.1. First, the specific ‘ ' //*

adverse effects to be evaluated.vknown as 'end_points.' are selected.
Second, the environment within which the technology being assessed. is

“located (the "reference environment®) is described. Third, 2 technical

descr1pt1on of the fac111ty that is the:source of potential 1mpacts is
developed, and estimates of effluent magnitudes and compositions, or
"source terms," are developed Fourth, appropr1ate environmental
—_—

transport models are used to perform an “exposure assessment,” i.e.,

to estimate patterns of contaminant distribution in time and space. - T
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SELECTION OF
ENDPOINTS

DEVELOPMENT OF
" SOURCE TERMS

!

DESCRIPTION OF
REFERENCE ENVIRONMENT.

'

EXPOSURE ASSESSMENT

1

' EFFECTS ASSESSMENT

v Y

RISK ASSESSMENT

Fig. 1.1. Flow chart for ecological risk assessments of toxic chemicals.
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,Fifth. in the "effects assessment," available toxicological data are

analyzed to determine the effects of the released contaminants on the

organisms exposed. Finally, ali of the previous steps are combined to

produce the final risk assessment, which expresses the ultimace effects

of the source terms on the end points in the refarence environment.
The above scheme closely parallels risk assessment schemes used in

human health risk assessments. The components that are unique to

ecological risk‘assessment. and for thch no_previous guidance was

available, includé the selection of (1) end points and (2) methods for

effects assessment.  Rationales for the decisions made regardfng these

two components are presented here.

1.2.1 End Points for Environmentgl Risk _Assessment

Thére are no obvious eco]ogical’equivalents‘Of cancer or core'
mé]tdown.Jhence. there can beino'standérdﬁzed 1ist of uniVersa]]y
applicable ecological end points for risk assessment.  To be useful in

risk assessment, however, any end point should (1) have biological

relevance, (2) be of importance to society, (3) have an unambigﬁdus

opérationa] definition, and (4) be accessible to prediction and
)3353325959124 For synfuels risk assessments, it was concluded that the

most appropriate ond points were impacts on.biological populations of

importance to society. Societal importance was emphasized because

" assessments of risks to insects, zoop]ankton. or other organisms not
perceived by society as being valuable are not likely to influence
decision making unless they can bé_c]ear]y shown to indicate risks to

fish, wildlife, ckops, or forest tréés."Bio]ogical}popu\ations were
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emphasized because (1) the death of an individual organism is usually

biologically meaningless, and (2) current scientffit‘hndefstand{hg of
. higher 1eVer'of 6rganization (communities and écosystems) is - |

insufficient to suppori the use of higher-level end points.

Specific descriptions and rationales for'the five classes of end
points used in synfuels r1§k assessmeﬁts a}e preseﬁted here. They were
chosen on the.basis of theﬁf perceived importance and the avai%ébility
of-methods'fof-quantifying pdpulation—Tevel effects, w1thouf regard
to any known of hypéthesized vu]ﬁerabi]ity to synfuels-derived o
environmental contaminants. .The existenée and gquantity of toxicity
data relating to the end point biota were not cons1dered{

1.2.1.1 Reductions in abundance and product1on of commercial or

game fish popuiaticns. 'Impacts on fish speties harvested by man are
among the most socially important impacts oh aquatic ecoéystems.‘ These
species are also important indicators of the ecological health'of.
aquatic ecosystems.‘ Many harvested fish, especiaily gamé fish.»are '
_predators at the tOpAOf aquatic food chains; these top predators are
frequentiy among the firﬁt species to disanpear és a result_bf

disturbances.

1.2.1.2 ‘Development of algal gogulat1on§ that detract ffom watér
ggg;' Undesirable blooms of'algaé connwnlyjdccur as éonseduences of
nutrient ‘additions to lakes or reservoirs. These blooms are a nuisance
to shoréiine residents and recreational lake hsers; they can affect
fish populations and causé taste and odor problems in drinking water.
Although changeSAin the -abundance and relat1Vg concentrations of

inorganic nutrients are responsible for‘most-such.blooms. they can also
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vbe caused by reductlons in grazing oressure-from zooblankton that are
sensitive to toxic chemlcals, and they could, at least in theory, be
caused by speeieSAsbeclflc differences-ln sensitivity to toxic

chemicals.

1.2.1.3 Reductions in t1mber~y1eld and undesirable changes in

forest composition. Forests have direct economlc. aesthetic, and

recreational values as well as indirect values. Dlreet economic values
are the easlest to quantlfy; Aesthetic and recreational values of- o
forests can be related to prlmary productlon because of tne general
preferences-for mature forests with large irees, however,

pollution- 1nduced chlorosis and necrosls of tree leaves 1s also an
1mportant aesthetls"lmpact -even when reductlons in yleld cannot ‘be
detectcd. The indirect values of forests are posslbly the most

g 1mportant but they are dlfflcult to analyze ‘These - values 1nclude
'eroslon and flood control, removal and detox11|catlon of pollutants.
and cllmate moderatlon Although production has been used as an 1ndex
of indirect values. community structure and composltlen are- also

clearly important.

1.2.1.4 Reductlons in ggricultgraleproductlon. .The‘value'of
vagrlculture is self-evident. For the purpose of synfuels risk
assessment agriculture is assumed to refer only to crop productlon
Livestock and poultry are consldered wlth wlldllfe because assessments
of risks to all vertebrate animals are based on the ‘same toxlcological
data base |

l 2.1. 5 Reductlons in wlldllfe populatlons. Hlldl1fe 1s valued

as game and as an object of various forms of nondestructlve
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_appréciation. Hunting, bird watching, and other wildlife-oriented
forms of outdoor recreation are economically and psythological1y
important. Effects of pol]utants'on wildlife may result from direct

toxicity, habitat modification, or food-chain dynamics.

1.2.2 Methods for Ecological Effects Assessment

Direct information on risks to populations in hature. comparable: to-

human.épidemiolo@i;a] data, is rarely available and often unobtaiﬁable
even in principle. For the caée of ecological effecfs of toxic
chemicals, it is inevitably necessary to extrapolate. risk eStihatesv
from laboratory toxicity test data or frbm 1imited field experiments.
Thé quantity, quélity. and applicability of zvailable iestvdata varies
vastly among chem1§als and end péint biota. ‘In dejt1on. extrapoldt1ons
. from even the best laboratory data are compromised by incomplete.
charactgrization of the species compositions of affected enviroﬁments.
biotic 1nteractions among the exposed populations, and 1ntefactions
with other stresses (e.g;. exploitation by man) that affect the expos§d
populations. & ' B

' Given the diversity of end points and the variety of data types
that must be accommodated, it is clear that no single method can be
‘adeqﬁate for making all of the necessary extrapo}at%cns for all
chemicajs énd_énd points of interest. Morecver, confidence in the
'conclusions from any risk assessment 1s increased if similcr
cohclus1ons can be réached using several 1nd§pendent methods.
Conéequenfly. at the initiation of the project, jt was détermined that

five dfstinctly different methods for assessing ecological effects'of
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toxic chemicals for risk ésses;ment would be invest1gated. The
fol1§w1ng subsections briefly describg ‘the major characteristics of

the five methods and present thetraiionales for their choice. -A§
previously noted; fault tree analysis and the ana1§t1c‘h1erarchy
process were abéndoned following applﬂcation in a preliminary risk
assessment for 1ndjrect coa]_liquefaétjqn.i To 1llustrate thev
difficulty of.applying metﬁods borrowed from other fields to eco]dgica]
assessment problems, the reasons for failure of our appiications of
these two methods are discussed.

1;2.2.1’ Fault tree analysis. Fault tree analysis is a standard

method used in engineeiidg safety assessments to identify events and

system states that can lead to disastrous failures of coﬁp}ex.systgg§

such és.nuclear powef pl;pts and space shuttles. A.faqlt,tree is a
'modelAthat:graphically‘and logica}]y represents'these eventiuand

states. When the probabilit1es of each -of the possib1ei1n1t1ating'

_events are specified, the ﬁault tree can be used to calculate the

probability of faflure of the whole system.

There is an appealing anqlogy,between complex,engineéring systems
and complex ecosystems, and it is even possible to define ecological
*failures,” such as population extinctions, that are analogous to

boiler explcstons or core meltdowns. Based on this analogy, fault .

trees were developed for (1) racruitment failure ina fish'popu\ation-

and (2) local éxtihctiqn»of a bird population. These fault trees

-proved usefuyl fn illustrating the various possible direct and indirect

pafhways through which toxic chemicals can_affect populations; however,

it is cleariy impossible to perfornm: quantitative analyses of ecological

—
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. fault trees. One majﬁr problem iﬁAthé‘difficﬁlty of estimating
probabilities for the various initia) states that make popu]atiohs
vulnerable to additiona1 stresseél(e{g.. habitat restrictioﬁs).' More
fundamentaily, {he‘continuous'responses and cumu]étive effects that-

characterize responses of biological sysfems to stress cannot be

& represented using the binary logic of fault trees. However, even
without quantification, construction of ecological fault trees can

serve important heuristic functions.

1.2.2.2 Analytic hierarchy process. The anal tic hierarc B
\nrnness_45aaty 1980) is g,ggsisjgn:magjng technique developed foy use

jﬂ_ggggggig_glgggjﬂgb. Its two basic components are (1) the ordering of
the elements of a decision into a hierarchy and (2) the use of expért
opinion to rank the elements of each level in thé hierarchy._ This

- approach was'intended to be used in situations where qualitatively

| different attributes must be compared, quantitative measurement scales
are unavailab1e; and/or subjective judgments ére necessary. Because
all of these characteristics are typical attributes of environmental

. assessment problems, it seemed possible that the analytic hierarchy
process could be fruttfully used as‘an alternativé to quantitative
assessment models. For example, the decision about the relative hazard
of 17 components of é.complex effiuent mixture Eanlbe hierarchically
ofdered into cbmparisdns of the relative importance of different fish
popdlation§ that may bg exposed, the relative importance of direct and
fndirect effécts of chémitals on each fish population, and so fprth

down to the effects of each effluent component on the éxposed organisms.
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When this appreach was applied using exoert ecologists and
toxicologists. 1nterest1ng results were, in fact, obtained. Taking
into account information and opinions that could not be objectified
with any of the str1ct1§ quantitative methods used‘in the pre]iminary

risk assessment for indirect coal liquefaction (e.gs, microbial

degradation of contaminants in soils), both aquatic and terrestr1a1 | ' 'P\
experts rated organic contaminants as substantially less hazardous than \

would be predicted based on toxictty a]one However, the analytic . j;\i: FK:T
hierarchy process proved to be prohibitively cumbersome when appl1ed to ﬁ\

the synfue]s risk assessment problem because of the ‘necessity for 1a~g‘ \\\J/

numbers of pair-w1se conparisons among c]asses of chemicals For _ A/

vexamo]e applying the method to 17 contamina"* classes requtres 136

L=
—g

rpair—wise compar1sons of re]ative tox1c1ty for each type of organism

exposed. "Although the method appears promtsing, adapting its use with}[&iﬁ;:;éa 715,

synfuels risk assessment was judged to be beyond the scope of thts
project 4 ,
1.2.2.3 Quotient method. The quotient method entails a direct

' " comparison of the est1mated_concentration_of a chemical tn the ambient

environment with a measured toxicological benchmark concentration
—— : (e.g.. an Lcso) for that chem1ca1. No attempt is made to quantify

' uncerta1nt1es or to extrapolate to popu]atton—]evel effects. As such,
the quotient method is not a quantitative risk assessment technique
according to the def1n1tton used in this project.A However, this method
is nonetheless an fmportant componentAof any risk-assessment scheme for
toxic chemicals. There are tuo‘major reasons for‘thﬁs. First, the

quotient method is a valuable screening technique because environmental .
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., concentrations of chemicals that are several orders of:magnitude below
. . "\\—‘ -

concentrations that affect laboratory test organisms are unlikely td

—_—

" have serious eco]ogica# consequences. Second, direct comparisons

between environmentél.concentraiions and laboratory test data are the

basis for all existing chemical hazard assessment protocols. Thus, the

quotient method provides a.means of comparing'results obtainéd'using
more sophisticated, qﬁént1tat1ve risk assessment‘téchniques with )
results obtained using conventioﬁa1 prccedﬁres; ',
Not all toxicological benchmarks are equally usefu1 in applying

the quotient method;‘moreover,'substantial caré must be used in
_comparing toxicity test data obta1ﬁed under differ1n§ experimental
éond1t1ons. TﬁeseAissues,'as well as (1) critér{a-for 1nterpretiﬁg
Qalués of quatienté and (2) ﬁroﬁedures for évé)uating complex effluents
using the toxic units apprc:ch, are discussed'in'detail in Se§t1on 3 of
th1§ report. '

1.2.2.4 Analysis of extrapolation error. ' The classical approach

to éssessing potential ecological effect; of toi1c chemicals is based
on 1ab§ratory testing using one or a few standard species and life
stageﬁ. variability among sbecies. 1ife éfages; and exposure ddrations
js accounted for bv using correction factors, supposedly sensitive test

species, and subjective judgment;' The usual objective of.this approach

is. to estimate-a "safe" level, below which no effects will occur. It

~ is not possible, using this approach, to estimate the consequences of

exceeding the safe level; moreover, it 1is étil] possible, because of‘
~ the sources of'var1ab1]1ty previously mentioned,‘that effects will

occur even 1f the safe level is not exceeded. . ' ' L
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Section 4 of this report presents a method for explicitly -
quantlfylng uncertelnty.nesultlng from (l) interspecies dlffefences in
'sensitivity and (2) the variable relationship between acute and chronic.
effects-of chemicals. 'The method, known as analysis of extrapolatlon
_error, is oased on statistical analysis of acute ana chronic toxltjty’-
test deta sets collected using uniform experimental protocols. At the

time technology risk assessments for tnls project were performed,

‘adequate data sets were avallable only for f1sh

Given a chemlcal and specles of interest, regresslon equations
derlved from the data base can be used to estimate a chronic effects
threshold for the specles of 1nterest from a 96-h LC 50 for either
(1) the species itself or (2)-any other specles that has_been tested.

‘Resldual.ennors from the regressions are used to'estlmate:the predlctlon'

" error of the estimated effects threshold and, consequently, the risk

that a given environmental concentratlonvof the chemical being assessed
exceeds the chronic effects threshold of the species of interest.
Section 5 presents an extension of anelysls-of extrapolation error

that enebles egtrapolatlon of individual-level effects of toxic

-chemlcals to effects on populatlons.. This extrapolation involves

estlnatlng concentration-response functions, with confidence bands. and
llnklng these functions to'e life-cycle model of the species of

interest. The objective of this extension of the original methodology -

is to enable extrapolatlon to the level of nltlmate end-points, that~;,

is, reductions in valued populations ‘Development of the
population -level assessment model was not completed in tlme for use 1n

the four synfuels technology assessments.
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: 1.2.2.5 Ecosystem uncertainty analysis: 'Ag'heretoforé hoted,

- effects of environmental stresses:On real population$ depend on complex
biotic and abiotic processes that cannot be reproducgd in the
laboratory. -Although many stresses caﬁ be useful]y;stud1ed in field
experiments, such experiments are impossible for some risk assgssment
problemﬁ. Mathemgtical models of the b101ogi;a1 systems of interest
proyiqe an alte;native means of incorporating enviéonmentql complexity

in risk assessments. 1In particular, ecological models can incorporate

biological phencmena, such as competition and predation, that can

magnify or cffset the direct effects of contaminants on organisms. For

—

the synfuels risk assessment project, recent developments in systems

S e

-ecology were exploited to develbp an asseésmént method known as

ecosystem uncertainty analysis.

In ecosystem uncertainty analysis, efiects of stress on individual

"organisms‘are_extrapolatéd[to net effects on populatibhs and trophié

leveis using an ecosystem simulationvmodel. Estimates of uncertainties

associated with individual-level effects are tranélated 1ﬁto esiimates
of risks of sjgn1f1cantvadver3e changes 1u the model populations. VAn
existing ecosystem model, the Standard Water Column‘Hodel (SWACOM), wa§
used for .the synfuels risk assessment, however, it was neceésary to
devi:lop a procedure for translating laboratory tgit réSulis. such as .
LCSOS’ into'changes in model parameters._suéh as pﬁotosynthesis and

. respiration rates.

In Sectionrs of this report, the basic cbnéepts used in ecosystem

—_—

"hncertainty ané]ysis are described, and severa]vapplicationS‘of the

‘method are presented and discussed. The fundamental components of the
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method include (1) the linking of toxicity data to changes in
eco\ogical'rate processes and_(zi the use‘of efficient uncertainty
_ana]ysis techniques.to extrapolate from parameter uncertainties to
‘uitimate rishs; The specific ecological model used in an assessment
.can be selected to meet the needs of the probiem at hand. It is

expected that in many future applications SWACOM will bedreplaced*by a

more appropriate model.
1.3 ORGANIZATION OF USERS' MANUAL

VThe remaining sections of this.report describe the steps in an
ecological risk assessment for a synfuels facility, any other facility
producing-chemical effluents, or an individual Chemical It 1s assumed
that source terms. in units of mass per unit time have been provided
| to the risk assessor. _ . ' ,.

Section 2 describes the process of mode1ing the transport and
transformation,of contaminants in air, surface water, and groundwater.
Because of the large number of existing.models available for use in
_ exposure assessments, the emphasis in this section is on criteria for
‘selecting mode]s‘that are properly matched to the available information‘
concerning (1) the environmental chemistry of the contaminant(s)
being modeled (2) the spatiotemporal resolution of data on tne
‘characteristics of the reference environment and (3) the requirements

of the:effects assessment methods being used.
Sections 3_through 6 document the effects assessment methods used

in the synfueis risk assessments. Throughout these sections, the

emphasis is on explanation and documentation of biologica1 assumptions,
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-. statistical/mathematical methods, and data sources.‘ No attempt was

made to document the computer codes used by tr;e projeét staff in

1mp1ementfing the methods. It is expected that, becausé ofi 4

) | , ®
computing configurations and assessment needs, the code. }{Fd‘lﬁcations
required by most users of the risk assessment methodolog//@f,’lf would render

‘ I
any such documentation effectively useless.
Section 7.discusses the integration of exposure and effects ' o A4
as's'essmentﬁ to produce overall eco'logical r1§k assessments for toxic
chemicals. 1In addition, Section 7 discusses the application of the ' L 7—/
“methods documented in this report to problems other than technology - .
~ risk assessment and also outlines the project staff's views on the
“research needed to increase current utﬁity and scientific credibility
of ecolog"lca] risk assessment.

_ A Y
o
o
~ ‘hA '
®
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2. EXPOSURE ASSESSMENT

L. W. Barnthouse -

For the purpose of risk assessments for tox1c chemicals, exposure
-assessment may be defined as the "determination of the concentrat*on of
toxic materials in space and time at the 1nterface with target‘
oopu1ations' (Travis et al. 1983). Before an exposure-assessment can

~ be performed, it is necessary to develop (1) source terms for the.
"~ technology (or other contaminant scurce) being assessed and (2) a
| descr1ption of-the'environment into which contaminants will be
released. The source terms areasimply estimates of the quantity and
compos1tton of contaminant releases They may be e1ther time |
dependent as in accidental sp111s or upset events, or time
1ndependent as in continuous routine em1ssions A Reference-
7,a environmenta] descr1ptions are those of . (1) the b1ota that may be .
fexposed to contaminant releases and (2). the hydrological, C
topographica1. geologica1, and-meteorolog1:a1 charactertstics of the
environment that affect the transport and transformation of '
contaminants. .Envtronmenta1 characteristics mav vary‘in.time and'
space Given source terms and a reference environment the key step in
exposure assessment is the use of a model of contaminant transport and
transformation to quantify the movement of contaminants from the
source. through the environment to the target popu]ations

Many atmospheric. surface water, groundwater. and mu1t1med1a
models have been deve1oped for quantify1ng the environmental fate of

radionuciides and toxic contaminants. Rather,than deve]op1ng entirely
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,neu_ﬁodels for the synfuels risk assessments, ex!sf1ng models that
appeared éppropriaté were selected and, where necessary, modified.
‘Only general.descriptions of the models are presented here; detailgd
documentation is provided elsewhere (Travis et al. 1983). Only the
atmospheric and surface water pathways.are discussed in this section,
because these are the primary routes of exposure for aquatic and

' terrestr1a1 biota. The particular models chosen for the synfuels i'isk

assessments‘were.se]ected based on the following considerations:

1. Risk assessments were to be performedvfor technologies and
processes rather than specific plants and sites. Only
engineering judgments -of routine emission compositions were
available.

2. Exposure assessments were needed for a large number of complex
effluent components, both organic and inorganic. The
environmental chemistry of most of the organic chemicals to

be.assessedrwas poorly understood.

3. Both acute and chronic eco]og1cal effects were to be
considered.

4. For ecological effects at the screening level, near-field
exposure assessments should be sufficienrt. The concentrations
of toxic contaminants would be expected to decline with :
decreasing distance from the source; therefore, if risks are
minimal in.the near field, they should also be minimal in the
far field.. .

5. Both the inherent variability of environmental processes and .
scientific uncertainty concerning the fate of synfiels-derived
contaminants should be explic*tly modeled

6. Models used in synfuels risk assessment should rely, to the
extent appropriate, on models that have proved useful 1n other
types of environmental assessments.

The above considerations suggested that re]ative]y simple but

f1ex1b1e environmental transport models would be best su1ted for

synfue]s r1sk assessments. Because of the lack of specificity of the
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source terms and the'gener1c nature of the assessment it was determined

that genera\ized site descriptﬁons characterist1c of broad regions’ 1n

which synfue]s,fac111t1es might be ”rd, rather than detai]ed

descr1pt10ns of part1cular s1tes 1d be used. 1ven the use of

genera]ized site descriptions, hiqw

models would be irrelevant. Moreover, because of the large number of

Jspat1otemporal resolution in the

cthemicals 1nv01ved and the poor understanding of the env1ronmenta1
chemistry of most of tnem.:it seemed prudent to timit the.modeling of
chemical transformations and mass transfers to simple, first—order
rates based on direct measurements or structure -activity re]ationships
Whatever information ex1sts should be 1ncorporated to avoid undue
conservatism (e g , by assuming complete solub111ty and no degradation
of organic chemicals) however. censiderat1on of higher—order processesd
.and mu]tistep transformations could be deferred to subsequent ‘;
assessments focused on’tnose contamjnants,identified in 1ntt1aﬁ
assessments to be potentially hazardous. o
Because of the need to consider both acute effects of
ishort—durat1on, h1gh-1evet exposures and chronic effects. of long-term.
)ow-leuel exposures, the models would have to7operate on time scales
rangtng from hours to months and years. Uncertainty and,variapility
are important aspects of risk ana]ysis therefore, it was destrable for
the models to be amenable to error analysis (Gardner et al. 1961); both
to quant1fyrsc1ent1fic uncertainty regarding transport processes and to
mode) hydro]ogica] and meteoro1ogica1 variability that affects the
transport and fate of chemicals. . A i
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‘Because of the many simi]ar1t1es netween the transport of
radionuc]jdes from nower p1ants and ‘the transport of chemical
contaminants from industrial facilities, the models used 1n
radio]ogical impact assessments performed for the d S. Nuclear
Regulatorj Commission and the u.s. Environmenta1 Protection Agency were
taken as the starting points for choosing environmental_transport

models for synfdels risk assessments.
2.1 SURFACE WATER TRANSPORT AND TRANSFORMATION

The surface water transport model used in the synfuels
environmental risk assessment project is a steady-state model similar
in concept to the SXAMS mode] (Baughman and Lassiter 1978) but simpler
in terms of propess chemistry andxenvirpnmental detail. This model fis
also similar to the radionuclide transport model described by Niemczyk
- Adams, andlnnrf1n {1980). 1t is 1ntended as -a flexible descriptor of
the transport and fate of contaminants in streams and rivers. Rivers,
rather than lakes, were chosen as model environments because the most
common proposed sifes for synfuels plants are on rivers. As in EXAHS
a river is represented as a connected ser1es of completely mixed
reaches.  Within each reach, steady-state contaminant concentrations
are estimated based on dilution and on physical/chemical removal from
the water‘column. The steady-state contaminant concentration (»w 1)
in the first reach downstream from a continuous effluent diccharge |s

given by -

Cw. = (1/v )/[(0]/V ) + kt 1] ' : (1)
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where A _ :
-; = contaminant 1nputvrate (kg/s), : ;
V1 = volume of first reach (ms),
0, =.stream'd1scharge of first reach (m3/s), and
kt,t = first‘order contaminant remova] rate for

the first reach

The steady-state concentration for the n?“ reach downstream from the

first is given by‘.‘
Cw,n = [(cw,n-]’Qh-1)/Vn]7[(Qn/Vn) + ke,nd - (2.2)

The f1rst-order removal rate (kt ) is equal to the sum of

Af1rst—order rates due to volatilization sett]ing, direct photolysis.
- and biological/chemical degradation. H1th the exception of-

ib101ogica1/chem1ca1 degradation a]] ~of the above rates are node.ed as.

functions of environmental parameters and phys1ca1/chem1cal properties
of the contaminants .Procedures. for est1mat1ng rate constants for

volat111zation. settling, adsorption and photolysis are presented 1n

Section 2.3.2 of Travis et al (1983)

For the purpose of ecological risk assessment only a 1-km stream
reach 1mmed1ate1y‘downstream from the assumed contaminant release point
was modeled.- In effect, the re!eased eontaminants were assumed tovbe
completely diluted within a "box" 1 km in length. This reach size was

selected on the basis of biolog1cal/soc1al s1gn1f1cance It 1s

‘unlikely that adverse eco]og1ca1 consequences would ensue from the

-k111ing of one. fish at the end of a discharge pipe. However, the
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7o ’ o _-biological degradation of a 1—kﬁ.r1v¢r segment could significantly
- reduce diological production or disrupt local fish populations (either
through direct mortality or thrbugh 1nd1reét effects such as |
1nt§rferenc§ with migration). An impact on this scale would also
1ikely be considered unacceptable by local résidents. | .

The requirement to assess ﬁofh short—terﬁ and long-term effects
o , was met by modeling the effects of §iochast1ca1]y varying hydrologié
. o ’ parameter§ such as stream discharge, femperature, and sediment_]qad;l
| ‘ Realistic distributipns for these bafameters were thained from U.S.
Geoiog1ca1 Survey water resources monitoring data for streams typical
“;7‘¢Y€ i of those .on which synfue154p}ants might bé.sited (Travis et‘al. j983,A
hffﬁ;'”_- } Sect. 3). Frequency distributionS fbrfconfdminant concentrat1oﬁ$ were
compufed‘as funcfioﬁs of the distriputions of hydrelogic parametefs,
according to the procedure of Gardner et al. (1981). For assessing

i;f' - - chronic effects,.the median daily concentration -was chosen as the best

;»R; f f>"' estimator of the long-term average Concentratioq to which orgénismﬁ
/fi;' would be exposed. For asséssfng acute effects, the concentrétion

chosen was the upper 95th percentile concentration, that is, the

cf'f?!\ ' - concentration expected to be met or exceeded on oﬁly 5% of days.

| Ih practice, it was found thét an even simpler mdde1 wqu]d have

been,sufficient for the purbose of eﬁo]ég1ca]-r1sk assessment. .

Estfmated water-column half-lives for contaminants of interest in

";ff:¥-‘ : synfuels risk aSsessment,were on the order of 10? to 104 h

"ffh_ o ~ (Barnthouse et al. 1985a). Processes cperating'at these rates have

negligjblé effects on water-column concentrations in the near field.
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Near—field~concentrations suitable fon ecological risk assessment
can- be obtained by mode]ing only (1) d1]ut1on as determined by
stochastically varying stream discharges, and (2) essential]y

instantaneous chemical processes such as’ 1on1zation and complexation

.2.2 ATMOSPHERIC TRANSPORT, TRANSFORMATRON, AND DEPOSITION

Many computer codes exist for calculating the tfansport,
transformation, and deposition of rad1onuc11des;and toxtc contam1nants
within 50 km of a po}?utant'source;A Most arz vaniants of a sinole
underlying mode1 the'Gaussian piume vIn its simplest form, the |
Gaussian p]ume predicts the d1ffus10n “and dispersion of a conservative,
gaseous substance from a continuous po1nt source elevated above the
ground, under constant wind speed and homogeneous atmospher1c
conditions -and oVen‘untformly flat tecrain The basic.model can be
modified to account for such phenomena as plume buoyancy. atmospheric
stratification, contaminant degradation or decay, and wet and dry
deposition of partic\es and aerosols.

Because of the relative case of appl1cation of Gauss1an plume
models and the 1arge accumulated exnerience w1th these models,
Gaussian plume model was used to calculate atmospheric exposures fof |
synfuels risk assessment. The spec1f1c code chosen was AIRDOS- EPA
(Hoore.et al. 1979). This model was chosen over five tlternatives
becausevit (1)‘1ncorporates f1rst-order degradation rates’for
po]lutants, (2) can estimate surface»deposition rates, and
(3) provides output in a form suitable for calculating exposures to

human populations. Thelequations'fof estimating plume dispersion,
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. contaminant degradation dry deposition; and wet deposition in

AIRDOS-EPA are presented in Section 2.2.2 of Travis et al. (1983).
The AIRDOS-EPA code calculates average ground—ievei atmospheric
concentrations and surface deposition rates for sixteen 22.5° sectors :
surrounding the plume source. | |

Adverse meteoroiogica] condi‘ions (such as inversions) can 1ead to
high ground ~level concentrations that cause acute toxicity to exposed
plants and animals. Such conditions occur on time scalas of .rom 8 h
to a‘few daysc Unfortunately, Gaussian plume mode]s'arevrelative]y

poor predictors of short-term pTome behavior (Hoffman et al. 1978);

These models are much better predictors of annual average

concentrations. As a substitote for short-term exoosure estimates,

annuatl average concentrations were calculated at 500 m intervals over

the 16 sectors modeled in AIRDOS-EPA, and the highest of these averages
was used in the synfuels risk assessments (Barnthouse‘et al. 1985b.»
Sect. 2.3). " | | o
Denosited'contaninants, when'dissoived in soil Qater, canlcause
toxic effects on esposed plant roots. To_proyide root exposure

estimates for ecological risk assessment, the deposition rates from

_AIRDOS-EPA were used to estimate accumoiation of contaminants in soi}

over an assumed 35-year operational lifetime of a synfuels plant. As
with ground-level atmospheric concentrations, accumuiation was |
estimated at the point of greatest annual deposition. The soii
solution exposure estimates incorporate both degradation of
contaminants in soil and partitioning‘of contaminantsvbetween soil

particles and solution (Barnthouse et al. 1985b, Sect. 2.3).
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The atmospheric exposure assessments performed using AIRDOS-EPA

. did not meel all'of the requirements for eco]og1§a1 risk assessments

‘described in the 1ntrbduction to this section Specifica]ly}

short- term exposures were not addressed on]y worst—case exposures were

est*mated and no error analyses were performed These def1c1enc1es

result in part from the use of a computer code designed for estimating

“Tong-term exposures to human popu1atjons. however, any Gaussian plume-

model would have been of uncertain utility for estimating snortéterm
exposures. Although other classes:of’nodels are more'suigable fordthis
purpcse, sucn models require far mdre sife-sbecific meteoro]ogicai data
than are appropriate for techndlogyflevel-risk assessments. Given /
necessary code modifications, error ana]yses-of AIRDOSTEPA or any‘other_

similar code cou1dvbe.performed. It was not deemedenecessary to

"~ perform such analyses for the synfue)s r1sk assessnent nrdject,vbecause

prelimjnary screening using worst¥case eXposure estimates suggested

that the majority of synfuelf-re1ated chemicals present negl1gib1e

risks to terrestr1a1 plants and animals (Suter et al. 1984, Barnthouse
et al. lséﬁb). Future ecologica] risk assessments‘could. hoyever;
benefitﬁfrom the develdpment of atmospher1c exposure assessnent nodels_'
designed Spec1f1ca11y for edalogica] risk assessment, with canabilities

for model1ng short-duration events and 1ncorporat1ng error analyses.
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3. TOXICITY QUOTIENTS
© 6. W. Suter 11 |

3.1 DEFINITION

" The qdotient method 1s's{mply the dfrec; ar1thmet1c:c6mparison of 
a benchmark conéentration {8C) ffom a toxicity test with an expécted
environméntal cohtentration (EEC); It is typical1y‘calcdlatéd as the
quofient of the ratio EEC/BC. It is the basis for»near]y $T1
assessments of'thevenvironmeﬁtal hazards of chémica]s. fn'this basic
form, theimethod amoﬁnts to an assumption that the test benchmark is a
good model of the assessment end point (i.e., the level of toxicjeffect
that 1s‘not to be'éxceedéd in thé amb1enf écosystem). This‘assﬁmption .
'1s'most 1ikely to hold when the toxicity tests have been herfbrmed‘for‘
“the pariicu]ar assessment, using thé anticipated temporal pattern of
exposure and df]ution water and organisms from the site. Nhen it is
re@ognized that>this assumption may not hold, multiplicative factbrs

are-often applied 'to the quotients.
3.2 FACTORS

The most common method of ajlowing for imperfect correspondence
between the benchmark concentration and the end point is to multiply
“ the quotient or either of its components by facforé. These are
variously referred to as safety factors, uncertainty factors, ér:
correction factors, depending on whether thé goal is to-ensure safety,
"account for a recognized source of uncertainty, or correct for |

proportional differences between types of data. Traditionally, a
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single number was used that incorporated all of the agsessor's
knowledge and be]iefs about the relationship between thé test result
and the ént1c1pated effect in the field (Mount 1977).  More recently,
it has become common to use muit1p11cat1ve str1ngs of factors, each of
which accounts for a different correction or sourcé of uncertainty
(e.g., EPA 1985).‘“These multiplicative chajns imply an'aSSUmbtion that
everything will go'wrong at onée. For example, the most sensitive life
stage'of the most sensitive species will be exposed to the most
concenfrated effluent at low-flow cﬁnditions while debilitated by
stress. and the actual response 1s'$t the;limit of our range of
uhcertaﬂnty.l }f carried out consistent]y,_this dpbroach would be
extremely ;onservative. In actual apb]ﬁcat1ons,:on1y a fraction 6f the
possib]é uncektaintiés,and,corrections'Sre'inc)uded,'éo that:thé
.product;of‘thévfactors:w111 not be unacceptably iarge. To avoid the
'problems‘of'subjéct1V1ty and coﬁserVatism..we'have used unadorned b
quotients in odr as;essmenfs and left the consideraf1on of uncertainty
and data extrapolation to methoﬁs that use more appropriate statistical

| models.
3.3 IMPLEMENTATION

The critical decisions in 1mpiemeni1ng the quotient method afeV
.(1) seleéiiqh of'expressions of‘the expected envﬁronméﬁfal concentration
that reflect the pa;tern of exposure in the f1e1d.‘(2);se1ect1on of .
iox1colog1c$l.benthmark§ that correspond to the effett oficoncerﬁ in the

field, and (3) matching the-behchmarks'and‘envjronmenta1 concentrations
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so that they logically correspond. The selection and derivation of
estimates of the expected envﬁronmenta1'concentration'1s dtscusseo in

Sect. 2. The other two dec1s1ons are discussed here.

3.3. Hatchfng Exposure and Effects

If the qdotient is to be\cons1stent, the toxicological benchmark
must-bear a 1091631 relationship to the_expeeted environmental
concentration. - The first major problem is ensuring that the medium
and mode of exposure are cor.zistent. For example, the enrironmenta1
conceotration that should be estimated for benthic infauna is tﬁe pore
water concentration rather than the free water concentration and per
cutaneous toxicities should be compared with concentrat1ons in films on
traversed surfaces rather than with bulk concentrat1ons. 7

‘The second hajor problem is ehsuring that the response of the
oroanism'to the toxicant does not change the exposure. The most
conspicuous exampTe is avoidance ot polluted food or media. 'However,
toxicants: may also reduce feeding. thereby reducing the oral dose, or
may cause aquatic organisms to lose contact with the substrate and”
drift out of the area. Since behavioral data are lack1ng for most
chemtca]s, this problem is relatively seldom addressed, but it should
oe'kept in minof | »

o The third major.problem 1s’doration; which is a major source of
oonfus1on,‘largely because of ambigquities concerning the terms acute
'and-chronic. The ambiguity arises from the use of these terms to

describe severity as well as duration. Acute exposures'and
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toxicities are‘assumedvté be both of sﬁofter dhfatién and more’severe‘
than chronic exposures and toxicitjes. The implicit model behind'tﬁ1s
assumption.is that chronic effectg are subletha1 responses that occur
because »7 the accumuiation of the-foxicant or of_toxicant—induced
injuries over Iong éprsures. 'Converéely. it has become cfe&r that fhe
most sensitive resgonses in chronic toxicity testS‘for.aquatic

organisms are typically effects on sensitive 1ife stages or processes -

that occur fair]y-qd1ck1yl do not require long pr1of exposufeé, and may -

be quite severe (McKim 1985). As a resglt, dura;ion'1s now_often

~ defined bdth_1n temporal terms and in terms of the life cycle of an
organism‘(iﬁe., a chronic'exppsure {s one thafipotentia]iy~1nvo]yes an
life stages). | - e -

- The resulting confusion is 11lustrated by the standard. -

* toxicological benchmarks for fish..: The standafdAacute-benchmarkjfs:the

" 36-hour median lethé] con;entratidn (Lcso) for adult or.juven11é'f1sﬁ
'(EPA_1982, ASTM 1984, OECD 1981). The duration of this test was

.selected beéause mostAmortal1ty in most such tests occurs in the first

four days; in fact, this acute benchmark is considered a good estimate

of the time-independent or incipient LC50 (Rﬁes1nk and Smith 1975).

- The standard chronic benchmarﬁ is the maximum acceptable toxicant.
con;entration (HATC); whjth is the'threshold for significant effects on
survivgl. growth,‘pr rebfodyttion (EPA 1982. ASTH'1984). 'S{née thisf
benchmark 1s.bésed'on oniy fhe most sensitivé response,:11fe-stages"
that are geﬁekél]y 1ess sensitjye”héve béen dropped from chfohic.testé

so that those tests have been reduced‘fkgm 1ife cycle (12 to 30 months)
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. to early life stages (28 to 60 days) (McKim 1985). Tests that expose

- larvae odly for N (Birge vt al1.1981) or 17 days,(Ndrberg and Mount,

1985) have now beeﬂ propdsed as equivalent‘to thejlonéér chroni;
tests. As‘a reshlt, the chroni;'benchmark fof fish 1§ ﬁow fiéd‘to
events of short duration (the presence and‘response of sensitive
larvae), whereas the acute benchmark is applicable to expcsureﬁ of
indefinite duration and 1ife stages that are cont1nuqu$1y pkeﬁeﬁt.
'Even‘the sever1ty_dist1nction 1s'not clear. Although fhe LCSO' |
clearly 1ndjcatésga severe effect, the fact that the MATC s tied to‘a
Statisticél threshq]d rathef than a spec1f1éd mégh1tude of effect means.
that it too can correspond fo severe effects‘(e.g.. fatlure of more
than half of‘the fﬁmales to spawn at the ﬁATC for chlordané in Cardwell
et al. 1977). - | ' |

The solution for the assessor is to d1saggﬁegate the concept of
duration from severity when categorizing exposures.' In the simplest
case the,tempbral pattern 6f'exposure falls into distinct Eategories,
based on characteristics of the source and its interactions with the
environment. 'If the aqueods d11uf10n volume is relat1§ély constant,
exposures may be divided into those that result from Sbi]ls and other
short-term upsets and those that result from routine releases.
Exposures to an atmospheric release mfght‘be divided fnto blume str1ke§ '
(énvﬁour or less), stagnafion events (a week or 1ess); and the growing
season average exposure. .In these cases the dur&tionsiére determined
by the exposure, and.thé tox1cologicél benchﬁarks.must_be selected to

match.
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In_other.cases it may not be possible to identify distinct and '
relatiuely constant categories.of exposure; there may simply be a
continuous spectrum of fluctuations in exposure concentrations. In
A.such cases the.biology of the toxicological responses must be used to
select durations, and the exposure mustﬁbe selected to match. For .
example, it the most sensitive response to a chemical is_mortality'of
Yarval fish, which’begins within a day of the beginning of exposure,
then the appropriate exposure'concentration could.be based on dilution.
of the effluent in the 24-h low flow that recurs at an average interval
of lO years during the months in which larval fish are present at the |
site. In any case, the matching of exposure with a toxicological
benchmark should be ‘based on an analysis of the situation being .

ssessed rather than on preconceptions about acute and chronic toxicity.

1.3.2 - Benchmark Selection -

In many cases Lhe selection of toxicological benchmarks for an
assessment is largely constrained by the availability of published
data, by differences in the quality of available data, or by the need
to match the benchmarx to the mode and'duration of exposure. However,
~ when data are abundant or when testing can be prescribed by the
assessor, toxicological benchmarks should be selected on the basis of
their statistical form and their expression of the important responses

of the organism of interest.

3.3.2. Statistical form. There are two statistical types .
'of toxicological benchmarks 1) those that are based on a

concentration-response function and prescribe a level of effect and
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(?2) those that are based on hypothesis testing. The.first type is
'obtained by fitting a function to sets of points reiating the 1evei of
. response (proportion dying, mean weight. etc ) to an exposure
concentration (dose, concentration in water. concentration in food,

' etc.) The concentration causing a particuiar level of effec‘ is then
ottained by inverse regression. Examples of‘this type of benchmark
include the LCSO' median lethal dose (LDSO)’ median effective

conceniration (EC ., and iethai'threshoidvconcentration-(LC1).

50)

_ The other statistical category of benchmarks consists of those
that are derived oy hypothesis testing techniques. Responses at'the
;exposure-concentrations are COmpared uitn controi (unexposed) responrses
to test the null hypotnesis that they are the same as the controi'
responses. Benchmarks of this type include the no observed effect~
Tevel (NOELi. the lowest observed effect level (LOEL) and the HATC,
which is assumed to 1ie between the LOEL and the NOEL.

The disadvantages of benchmarks based on hypothestis testing
reiatiue to those based on curve fitting have been discussed by $tepnan
and Rogers (1in press). They include (1) the use of conventionai
hypothesis testing procedures (with a = 0.05 and B unconstrained)

- implies that it is very important to avoid deciaring that a
concentration is toxic when it is not, but it is not so important to
declare that a“concentration is not toxic when it is; (2) the threshold
'for statisticai significance does not.correspond to a toiicologica]
threshold or to any particular levei of effect; (3) poor testing.
procedures increase the variante in'response and therefore reduce the

apparent toxicity of the chemical'in a'hypotnesis test; and (4) the
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resultslare reIat1Ve1y sensitiVe to the design of the test. The
advantages of hypothests testing benchmarks’are that‘they can be.

~ calculated even when the‘test.data'are too poor or meager for curve
fitting and"they atlou the assessor to auoﬁd specific gecisions agout
what constitutes a significant level of etfect. He'feel that
hypothes1s~test1ng is-generally an 1nappropr1ate way to calcuiate
benchmarks. however, in many cases, the use of such benchmarks by the

assessor is unavoidable

3.3.2. 2 Taxon-spec1f1c factors We discuss here benchmarks

currently used to express toxic effects on the four end point taxa 1n
our risk analyses: fish, planktonic algae terrestrial vascular plants,
- and vertebrate ui]dlife V
Fish

. The most abundant toxicolog1cal benchmark for f1sh 1s :he 96 -h’
C50 for adult or juvenile (post larval) 1nd1v1duals for most
- chemicals, it 1s the on1y type of data available As previously'vv
described, it 1s.acute~1n terms of sever1ty but 1s often applicabie'to
extendedcdurations S1nce 1t ‘does not protect ear1y 11fe stages and
implies morta11ty 1n al] life stages. 1t can be thought of as a
benchmark for conspicuous fish kills (large numbers of large dead |
- fish). Although the medjan response uas chosen for the benchmarr
because of 1ts smal1‘varianCe‘reiativevto othersievels or_mortaltty; a
correction factor must_be.applied 1f‘thelassessor;1s 1nterested in .
preventing low-level morta]tty (EPA>1985), a process that adds

considerable variance.




'cr1ter1a'have been set on the basis of this benchmark because 1t is

'provide a consistent level of protection and the 1ndustry that -

" 1ife stages that will be exposed at’ 1 24 48, and 96 h (or longer if

“concentration of the toxicant, then a global benchmark [one that
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"Another problem with this benchmark is. that in most cases on]y the
response at 96 h' s reported Hany assessments 1nvo]ve transient
events. and the ttme to mortaltty 1s more 1mportant than the percent
morta]‘s However desp1te the suggest1ons of Sprague (1973),
Alabaster and Lloyd (1982) and others, the t1me course of mortality is

seldom reported - In defense of the 96 h LC it might be argued

50° o
that 1t is only meant to be used for comparat1ve purposes and not for

assessment cf effects. However, assessments have been conducted and

available and better numbers are generally not.

The’ standard benchmark for chronic effectf on fish is the MATC.
As prev1ously discussed MATICs have all of the constderable faults of
benchmarks that ar der1ved from hypothesis tests In this context, it

is important to re1terate that assessments based on HATCs do not

performs the poorest tests w111, on average be the least regulated
The most genera]ly useful benchmarks for assess1ng effects on f1sh

by the quotient method would be a set of LC values for each of the

mortal1ty continues), plus EC values for growth and fecund1ty in
sujtably long exposures Ind1v1dual thresholds could then be selected
for each assessment depending on the life stages. that will be exposed
and the duration of the exposure | | |

1f a11 1ife stages will be exposed to a relatively constant

integrates the_indtvidual'measured effectsb(Javitz, 1982)1 may. be
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preferred as an expresslon of chronic effects “The SlmpleSt'such
benchmark 1s the standlng crop of flsh at the end of the test. More
commonly, the welght of young per 1n1t1al female (or 1n1t1a| egg, in

the case of. early life stage tests) is calculated as

LSSy S e,

where S 1s the surv*vorshlp of life. stage X, M is fecundity, and W
is the welght of the final cohort (e.g., Eaton et al. l978). A thlrd
global benchmark (which can oniy be used with llfe—cycle resuits) is
the_fntrlnslc rate of lhcrease r which is calculated from:

R
£r1xmxe =1 ,

- where 1 1s-thelpr0portlon surviving. to age x, and'm is the number of -

female offsprlwg produced by a female of age x during the next 1nterval

| f(e.g., Daniels and Allan 1981). The 1ntr1nslc rate of 1ncrease r,

is a more approprlatehbenchmark for invertebrates. than fish, since
l1fe-cycle tests are stlll routinely performed with 1nyertehrates._and
effects oh growth (which are notllncluded in the formula for r) are |
reflected in fecundity in invertebrate chronlc tests. V

The maln advantage of global benchnarks is that they combine a

diversity of 1ndlv1dual responses. some of whlch have little 1ntu1t1vee

signlflcance, intc a parameter that has . the form of a populatlon level
- response. Global responses may be more sensitlve than lndlvldual
responses when a number of small toxic effects are combined into one

large global response; however, sensltlvlty can also be’reduced-lf
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. toxic effects are combined with hormetic or pseudo-hormetic effects

or (if hypothesis testing is used)‘with highly variable effe;ts.

2; Algae

Benchmarks for effects oh aigae have béen poor1y'stahdardized.
Reported responses included mortality, gr"owth.‘CO2 fixatjon; cell
numbers, chlorophyll content, and others.' Ddrations weré v#rfous. anq
‘a'variéty-of statistical expressions derived from both hypothesis
testing énd:curye_fiiting were uﬁed. There is now some agreemgnt on
ihé use of 96-h Eggb values for some‘méésure of product1v1fy.‘ |
However, there is still no agreement on whether the appropriate measure
is weighi number of cells, chlorophyll, or‘carbon assimilation, and
whether the benchmark should be based on the f1na1 value the
time-integrated value or the maximum rate of 1ncrease The EPA calls
for the use of final cell weight, cell number, or an equivalent
indirect mea§urement, whereas OECD calls for the use §f the max1muﬁ»
growth rate based on cell number (EPA 198é and OECD 1981). If, as is
often the case, planktonic algae are limited by nutrient availabiliiy,
then equ111br1um biomass or cell numbers may be more relevant.
However, if algae are 11m1ted by herbivory, the ab111ty of a popu]ation
to replace losses (i.e., maximum growth rate) may be more re]evant

Since thg 1ife cycles of microalgae in a rapidly growing culture
ére ﬁuch shorter tnan test durations or moét effiuent re)eases, these
test Eesults can be used 1h‘most assessments. HoweVer, it should be
remembered that algal ;ommunities aré generaily nutrientA11nHted. and!

over the course of chronic exposures, resistant algal species will tend
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to replace sensitive spe;ies. "The implications of these changes in -

, community‘composition depend'on-the effects of the algae on water

quality and their paiatabi]ity to herbivores (Sect. 6).

3. Terrestrial plants

Existing.tos1c1ty data.for terrestr1a1 plants are even more>
diverse and nonstandard than for aquatic‘alqae Although (as u1th
a]oae) producticn is measured and statistica]]y ana]yzed 1n a 'ariety
of ways, terrestrial plants also have long 11fe cycles w1th distinc*
stages and organs, and they can be exposed through the stomates. 1eaf _
surfaces. or roots. we have confronted this chaoti<’ s*tuation by
limiting the benchmarks used to those such as yield, growth or numbers
of particular organs that directly express productivjty (visible injury
and changes invoas erehange rates are commonly reported responses that
do not correlate with'production), and by-trying'to match the durattonh
and route of exposure in the test to the exposure being assessed o

The most common general type of phytotoxicity test is the seed\ing
growth test. This type of test can be conducted in soj] or hydroponic
systems and tan be adapted to test chemicals in atr, sprays, soil, or
irrigation Qater. There is 1ittle agreement on durattons or responses.
but the EPA;(1982) recommends the determination of EC,, and EC ‘

10 50
values for weight and height after 14 days. Tests for effects on seed

-~ germination and hypocotyi elongation have been used as qu1cker.and

less-expensive phytotoxicity te.ts. as well as 1nd1cators of effects on

‘those particular 1ife stages (EPA 1982); however the1r relationship to .

other plant responses has not'been established. A definitive ‘test
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would include the entire life cycle from seed germination to germination
" of daughter seeds, but such tests are rare]y performed A life-cycle '

test using Arabadopsis is being developed by the EPA.

4. wildlife
_ The most common benchmark available for assessing/Fffects on
wildlife is the acute, oral, median lethal dose (LD 0)Iﬂfor 1aboratory
" rodents. _Avian toxicologists have followed the mammalian example by
relying iargely on acute LD 0; for’oddlts (e.g., Hudson et al. 1984),
‘but subacute median lethal dﬁetary toxicities: for young birds (LCSOS)
have become more common (e.g., Hill et al. 1975) and have been adopted
by the EPA,(1982)vand ASTM (1984). These benchmarks are applicable to
‘short~term exposures such as result from aoplicat1on of nonpersistent
pesticides. In most such cases, the concentration in food is the
primary expression of exposure; therefore, oral Lcsos are directjy
applicable, whereas intake must be estimated to calculate doses before

LD .S can be used (Kenega 1973). 1In a few cases, notably when the

50
exposure results from consumption of granular pesticides or cleaning
pelt or plumage, an oral LDSo is more directly applicable. Since the
relative sensitivities of aduits and young and the effects_of exoosure
duration are 1ess well koown for birds than f1sh (Tucker aod Leitzke
1979), the comparao*.Ity and v:ability of these beochmarks are
" uncertain. _ | -

The other standard wildlife benchmark is the threshold for effects
in the avian reproduction test (EPA 1982, ASTM 1985). 7515 tesi
7 resembles the MATC for chronic and subcﬁron1c efrects'on fish, in

that the‘benchmark is usually derived‘by applying hypothesis testing

statistics to an array of measured parameters. Like the MATC, it would




ORNL-625) - ) 44 -

be mofe useful for éssessment if curve fitting were usedvto establish a
consistent-leve]_of:effect, and if S global parameter.(such as the
.we1ght of young per femgle) were calculated along with the individual
measured responses.. The duration of exposure in this test (6-10 weeks)
can be considered to represent a chronic Sdult exposure for all but the
most persistent and'b16accumulated chemicals; however, since the young
are nof exposed, this cannot'be considered a full chronic (i.e.,
life-cycle) test.

There are very few data available for assessing the toxic effec!s
of_nonpestiﬁide chemicais and effluents on w11d11fé. It is genefajiy
hecessary to resort to the use of the health literaturé for sﬁcﬁ'
a;sesshents. We havg>used'rpdeﬁt'L050 values as a relatively
-consjstent benchmark for comparafi;éAburboses and the‘]owest-reporiéd

toxic effect as a benchmark for suggesting where hazards may exist.
3.4 - DISCUSSION

The chief advantages of the quotient method are that it 1s‘qu1ck,
easy, generally accepted.’and can bé applied to any data. Because the -
éffecté benchmark 1s.d1rectly compared with the expected environmental
épncentration. the burden of ensuring realism in thevdeécr1ption of the
effects and their re]ationship to exposuré falls 1arge1y on the
- tox1c61ogist rather than. the assessor. AS pfev1oﬂs1y diécussed. the
use offmuitipljcative factors tolmod1fy quotients amouhfs to treating
dncertainty 1n.a“determinisf1c manner, and this 1dgiga1‘1nconsistency
haS resu]ted.in 1ncomp1etevénd inconsistent treatments of corrections

and uncertaint1es._,Howevef, without the factors, the assumptions
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‘concerning the appropriateness of the“tox1§61pgica1 benchmark and the
estimated environmeﬁta\'concenfration are not incorporated in the
analysis. Therefore,'th1s ﬁéthod is usefu].when (1) a 1arge number of
chemicals must be screened to find potent” 1 hazards, (é) the iox1c1ty
' data are-unconventional._or (3) the;data ..« believed to_be;completely
appropriéte to the assessment, or af least'cannot bé 1mproveq by

available analytical techniques.
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4. ANALYSIS OF EXTRAPOLATION ERROR |

G. W. Suter II, A. E. Rosen, and E. Linder
4.1 DEFINITION

Analysis of extrapolation érror (REE) 1s a'méfhod of'ca\cu1atfng
the probability of exceeding aSsessmeht'end'points to be used in those
cases whefe'therénd points can be"expressed_as standard toxicological
beﬁchmarks. The method has two combonenté: (1) the-éxtraﬁ61atiod
componént that, 1ike the factors ‘used witn the-quotient.metﬁﬁd
(Sect. 3.2), 1s used td estimate the va]ue;df the assessment.end point
from the available test data and to account for the uncertainty in thé
.estimate and (2) ‘the risk component that calculates the probab111ty of
exceeding the assessment end point using the results of the V
- extrapolations. Sirce the extrapolation component‘treqts extrapolation
| and uncertainty in a more rigoroﬁs and conceptua]]y‘appropr1ate mahher
tran does the u§e of (Nains of multiplicétiQe f;cfors; it can be used
jn place of such factors in hazard assessment. Howevék. it is the
calculation'of.the prdbabi)ity that an expetted environmental
concent}aiion will ex;eed the end point (rétherrthan sfmpiy combarihg
them arithmetica]?y as in the quotient method)fthat makes AEE a true
r1sk assessment method. N -

In the following sections we w1]1 explain the assumptions and
statistical procedures for AEE and prov1de numerical examples; however,
the method can be best 1ntroduced by presenting an éiampTe ‘
graphica1ly Assume that we wish to estimate the probab111ty that the

expected environmental concentration of a chem1ca1 will exceed the
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"threshold for life-cycle effects bn_survival, growth, or reproduction

of brook trout (Sa]Qelinus fontinalis) and that we oniy have an Lcsol

for rainbow trout (Salmo gairdneri). In that case we must extrapolate

_ between the genera Salmo and Salveiinus. and we must extrapoiatef'
between'the LC50 and ;he chronic'th'ésho)d. The relationship between
the two genera is 111ustrated ir Fiq. 4.1. Each of the points
represents an individual chemfcal for which a member of both genera has
been te{ted using a cohmbn protocol'ahd with the results expressed as
96-h LC he r '

The relationship between Lcsos and life—cycle effects

50°
"Athresholds'(expressed as MATCs) is shown in Fig. 4.2. The points here
represent diffeheht-species-chemieal combinations for which both-an
'_L 50 and a.11fe-cyc1e or partial 11fe-cyle.HATc'have been determ1hed
in the same laboratory If we use the rainbow trout Lcso‘as the x .f,
value in the Fig 4.1 re\ationship, we can est1mate a-brook trout
’LCSO and an assoc1ated variance that can be used in the Fig. 4 2 »
relationship to estimate a brook trout MATC and associated variance
"The estimated MATC and. its tota)l variance can be represented as a
probabi]ity density function, as 1n Fiq. 4 3. The risk that the MATC.
“will 1n fact be exceeded is the probability that a rea117at1on .of the
MATC, chosen at random from that probability density function, will be
Tess than a similarly chosen value from the probability density
‘function for the expected environmental concentration
AEE differs from previous approaches to extrapolating
environmental foxicology data in its emphasis on the uncertainty

. associated with the extrapolations and,the contribution of that = =

uhtertaihty to the risk. The fraditiohal abproach is to ask whether
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Fig. 4.1.

-Salmo. The line
regression; the parameters are presented in Table 4.1.

fLogarithms of~LC5? values for Salvelinus plotted against
_1s determined by an errors-in-variables
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one particular spec1es, 1ife stage, or test durat1on is an acceptable
surrogate for another Nhen this quest1on js asked, it 1s “invariably
discovered that no two tests give identical resulta, and that the
results are not consistently proportional across test chemicals. This
discovery cah lead to the pessimistic conc]usion that toxjcity data
~3hould not be extrapolated (Tucker and Heagele 1971), which implies
that only tested species can be protected. However, since no teat is
perfectly precise or accurats, even test results have assoc1ated -
uncerta1nty that can prevent fine discrimination between effective and
ineffective exposures. Thus, the relevant question 1s: Does a |
parttcular benchmark whether derived by testing-alone or-by ‘esting
and extrapo]ation provide sufficien* accuracy so that an accsptable

leve} of risk can be determ1ned7
4.2,§1MPLEHENTA116N

AEE consists of five steps:‘(i) define the end‘point:of the risk
assessment (e.g.. the probability:of.cauetng reductions 1n“brook.trout
-productivity) in terms of a toxicological benchmark‘(e g., the
probabi]ity of exceeding the brook trout MATC); (2) identify the
| existing datum for the: chemical of interest that is most closely related
to the end point (e g ; a ra1nbow trout 96 h at LC 0). (3) break the
relat?onship between the datum and the end point into logical steps -

to MATC); (4) calculate ‘

50
the distr1butioﬁ parameters of‘the .ud point extrapo)ated from the

(e.g.; rainbow trout to brook trout and LC

datum; and (5) calculate the risk that the "expected environmental

concentratioh (EEC) will exceed the end poiot conceotration. Step 1

. iiwmm,ajwMﬁu, ~ S / “'V P




P P . | 55 | ORNL-6251

is dependent on the éssessment sftuation and on the assessor's and
decision-maker's conceptualization of environmental values; however,

‘ steps'1. 2, and 3 are severely'constrained by the:state of the science

"~ of env1ronmenta1 toxico]ogy as reflected in the available benchmarks.

and data for the orgénisms in question (Sect._3,3).

4.2.1. Risk Calculation

“In this method, risk is defined as
Risk = Prob(EEC > 8C) , - (4.1)

where BC 1s the benchmark concentration that is used as the estimator
of the assessment end point; If we assume that the EEC and BC are

independent and log—normally distributed, then

 Risk = Prob{log BC - log EEC < 0) S (e02)
= Prob{2 < [0 - (uy - ug)1/ (og + 02)1/2] | o (4.3)

, 2 2,172 '
= ¢z[(ue - “b) /‘(ob'+ ae) ] S ) (4-4)

where.(ub,,ag) and (ue; oi)fare the mean and variance of

the log BC and log EEC.:respectively and
7= [(log BC - Tog EEC) - (wy - wy)) / (o + oB)!/2 + (4:9)

a standard norma) random variable with ¢i as its cumulative

distribution function. If it is assumed that the EEC is constant and

j - _certain, then the risk calcu]ét1pn reduces to
~ Risk = Prob{Z<{(log EEC - up) / opl} (4.6)

"= ®zl(10g EEC - up) / op] . , S (4
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Given this definitfon, risk depends on the def1nit10ns of the EEC and

BC and their asso;iated uncertainties (i.e., on LA ub' 6 2. and °§)'
For the BC, thne mean and variance can be estimated by statistical

extrapolation of the toxicitj data

4.2.2 Extrapolation

The choice of extrapolat*on mode} for this method was based on the

following character1st1cs of tox1c.ty dcta

1. the obsérved’values X and Y are subject to error of
measurement And to 1nhéreﬁt variabiii?y.
2. X is'not a control]ed variable (]1ke settings on a f
.lthermostat),A . :
3. ”va1ues assumed by X and Y are open—endeu and non-normally

'distributed

!

Theée ;haracteristicé suggest that an'ordin;fy least-squares model
woula be inappropriate and an errors-in—vériables model should be-
used. Sincé we can estimate the value of \, the ratio 6f the point -
vdriahcgs of Y to X, a functional modei provides maximum fikelihood
estiﬁators of the regression parameters.

The estimators of the slope (B) and intercept (a) are

(zy 2- aex [(Zyz_—'xi:xz) . 4\(}:xy)2]]/2

o,
"

}/2Exy. and (4.8)

a=y-bk o, : SRUR)
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where x = X1—i and y = Y1—§ for 1 =1...n. The variance of a single
pfedicted'y—value for a given X-value (X =-x°) is given in Mandel

(1983) as ‘

var(Y1x) = 200+ 1/n + [+ (F M 1T(x - TH2u?)), where  (4.10)
| sg = (b2Ex2 - 2bZay + Lyd)/(n - 2), and

£u? = £x2 + 2b/AExy + (b/\)2Ly2.

This variance is the appropriate value to use‘fn calculating Cdﬁfidence
“intervals and risk estimates because the interest in this case is the

. éertainty concerning an individual future observation of Y, such as a
toxic threshold, for an untested specigs-chem1cal'combination. This
variance is larger (by a factor of sz) than the vafiance of the

| mean of‘a leo. which is in turn larger than the v§r1ance bf the
regression coefficient—fthe ndmber provided by most programmable

. calculators. Confidence intervals calculated from this‘varfance,are
larger {han those that are coﬁventiona]1y repofted'and are reférred to
as prediction 1ntervals;

For ease in using this method we reduce the variance formula to
var(YiXe) = Fy + Fa(Xe - X)2 . .(411)

and provide values for F1 and F, in the tables.

2
A1l of the data used in our extrapolations are log transformed,

and the reported variances and prediction intervals are for the
transformed values. The log trénsformation was used to 1ncréase the

homogeneity éf the variances and the linearity of the relét1onships.
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4.2.3 Double Extrapolation

In some cases {t s necessary to make mh1t1p1e extrapo?atioﬁs; the
most commdn'e#ample is the combination of acute/fhronic and taxonomic
extrapolations. In those cases the Y from the first extrapolation
becomes the *independent” variéblelin the second exirapolatibn, aﬁd the
parameters 6f the second regression (z = ¢ +.dy) are determined as for
the first, that is substituting y for.x and z for y: The‘fota1

“variance for the two extrapo1at1ons is
Var(Z1Xo) = var(z|Yo) ¥‘d2var(YlX°) ) o @a)
.'4;3 .A& EXAMPLé:A AQUATIC iNYEﬁTEBéATES AND FISH
:4;3.1}‘D$ta Sets

: fhetdataVSeé for the_t;xonomfc extrapolations of LCSOS 15 baéed
~on an‘éxpansion of the Columbia National Fisher1e§ Research Laboratory
data set in Johnson and Finley (1987); the -expansion was prepargd by
Mayer and Ellersieck (in press). Tn%s is the largest and most
taxonomically'diverse set of phb]icly available aquatic toxicity data
that is reaSonibly uniform wjth'respect to test procedures. We have
created a more uniform subset of thg data by 1imiting it to tests
performed 1n soft water (except for those‘orgaﬁ1sms such as Daphnia
that are not tested in soft water), with post 1arva1 fish we1gh1ng
‘between 0.4 and 2 0.g, or with invertebrates belonging to the most

often—tested 11fe stage. Tests with aged test soiutions, results

exp-essed as > or < values, nonstandard temperatures or pHs, or
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forms of a chemical other than the most often-tested form were not
- used. If, after thése criteria were applied, there were stil)
replicate Lcsos for a combihétion of speciesband chemical, one of the
 repl1cates'was chosen at random. This subset‘cbntains 61 species and
‘327 chemicals. |
 The data sets for the extrapolations involving chronic effects on
fish are prasented in Appendjcest and B. The chronic f1sh‘&ata are a
compi]ation-of published results of life cycle, partial 1ife cycle, and
ear]y 11fe—stage»tests of freshwater fish..'Thé concentfatioh-rgsponse
data for hatch of normal larvae, larval survival,'early juvenile
weight, eggs produced per female, and aduit survival (Abpehdix B) were
extracted from the tests l1§ted in Appendix A. 1In Appendix B replicate
results were averaged, and felationsh1ps were not used 1f'there was not
at least a 25% reduétion in perfdrmante at phe highest cbncentratian,
if'there»was greater than 30x»morta11ty’1ﬁ the controls, or_ff thére
was not a significant positive siope to a f1tfgd logit function. Since
these studies'were designed for calculating MATCs rather than for curve
‘-fitting; most of the respdnses did not paf;.these 1en1ént'cr1ter1a.
However, . they are the only chronic &ata available for fish aﬁd they
'serve to 11lustrate the use of benchmarks based on chronic effects
Ievéis.ahd populétfcn models'(Sect. 5). - |
The‘invertebréte chronic data are limited to 11fe—cyclé tests with
Daghn5a~spp..‘since there aré few good chronic data for any 6ther
frthwater invertebrate. Those data are from the 1980 And‘1984‘EéA
émbiqnt wafer quality critefiaJSUpport documents and'are not_reproddcgd

here.

@
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©4.3.2 Extrapolation Results

The taxonomic extrapolations of atute data are presented in
Table 4.1, The extrapolations were performed between taxa‘having'the
next h1gner taxonomic 1eve1 in common rather than simply matching all
possible species EOmb1nat10ns. For example, the extrapolation between

tne fathead minnow (Pimephales prgmelas).and largemouth bass

'(H1cropterus salmoides) constitutes an ektrapo}ation between the

Cypriniformes and Perciformes. This ystem allows extrapolation to

species that have rarely or never been tested by assuming that they are’
. represented by tested species that are members of some common higher
.taxonomic lTevel. The taxonom1c h1erarchy 1s based on the concept that
‘greater evolutionary distance implies greater mo*phological and

physio\ogical dissimilarity, wh1ch 1mp11es greater diss1m11ar1ty in -

response to tox1cants It is. the basis for preferr1ng mammals over
nonmammals and pr*mates over nonprimate mamma\s in test1ng for effects . L \vf
cn _humans. It will not hold if the tra1ts that‘detenmine sensitivity

“are extremely evolutionari]y labile or conservative. The concept has

" been shown to hold on average for aquatic organisms (Suter et al. 1933.
Suter and Vaughan 1984, and LeBlanc 1984).

As shown 1n_Table_4.2, most extrapo]ations between taxa within the
same. family (1.e., between congener1c'spec1es and between contamiiiai
genera) cao be made with fair certainty, but extrapo\ations between
orders of arthropods c]asses of chordates or arthropods. and between
the phyla Chordata and Arthropoda are highly uncertain.. We use the

prediction interval rather than the correlation coefficient (r),
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*ASTACIDAE

PALAEMONIDAE

P S—

- - -Table 4.1. Taxonomic extrapolations [units are log(ug/L)].
Levela..Taxon xb Taxon Yc Nd~lcepteS\opef xbarg F1 th Vbar‘ GlJ GZJ~ Pl
SPECIES ~
CUTTHROAT. TROUT RAINBOW TROUT 18 0.04 0.98 2.47 0.24 0.0 2.45 0.25 0.0 0.96
CUTTHROAT TROUT ATLANTIC SALMON 6 -0.25 1.00 2.99 0.6 0.01 2.74 0.6 0.0 0.78
CUTTHROAT TROUT BROWN TROUT 8 -0.20 1.02 2.42° 0.14 0.01 2.26 0.14 -0.01 0.74
RAINBOW TROUT ATLANTIC SALMON 10 -0.5% 1.20 2.6} 0.20 0.01 2.62 0.14 0.01 0.87
RAINBOW TROUT BROWN TROUT 15 -0.2% 1.09 2.6 0.08 0.00 2.15 0.07 0.00 0.56
ATLANTIC SALMON BROWN TROUT 7 0.09 1.00 2.53 0.3 0.0% 2.65 0.3 0.0 0.70
BLACK BULLHLAD CHANNEL CATFISH 12 -0.11 1.00 2.23 0.1 0.00 2.13 0.11 0.00 0.66
"GREEN SUNFISH-  BLUEGILL 14 -0.62 1.09 2.39 0.}7 0.00 1.99 0.)4 0.00 0.80
D. MAGNA " D. PULEX "9 0.26 0.8) 0.68 0.59 0.07 0.81 0.30 0.6 1.51
G. FASCIATUS 6. LACUSTRIS 11 -0.06 0.84 1.32 0.15 0.0% 1.95 0.2% 0.03 0.76
| GENUS ;
ONCORHYNCHUS . SALMO 56 -0.13. 1.02 -2.63 0.1) 0.00 2.5 0.10 0.00 0.65
ONCORHYNCHUS SALVELINUS 13 -0.47 1.09 2.40 0.08 0.00 2.5 2.07 0.00 0.57
SALMO © SALVELINUS 56. -0.33 1.10 2.86 0.4 0.00 2.82- 0.11° 0.0 2.13
CARASSIUS CYPRINUS 8 -0.47 1.05 5.04 0.09 0.0 2.73 .0.08 0.01 0.5%8
CARASSIUS PIMEPHALES 19 -0.27 1.03 2.79- 0.}7 0.00 2.61 0.6 0.00 0.82
CYPRINUS - PIMEPHALES 10 0.24 0.93 2,90 0.17 0.0 2.95 0.20 0.0V 0.82
LEPOMIS MICROPTERUS’ 30 -0.20 1.05 2.33 0.22 0.00 2.24 0.20 0.00 9.92
LEPOMIS POMOX1S 8 -0.00 0.82 1.28 0.23 0.01 1.04 0.34 0.02 0.94
DAPHNIA SIMOCEPHALUS 51 0.35 0.92 1.48 0.16 0.00 1.7 0.'9 0.00 0.78
PTERONARCELLA  PTERONARCYS 8 -0.05 1.03 1.34 0.15 0.01 1.33 0.4 0.01 -0.75
FAMILY
BUFONIDAE HYLIDAE 6 1.26 0.56 2.34 0.34 0.14 .58 1.06 1.37 1.14
CENTRARCHIDAE  PERCIDAE 47 -0.02 0.95 1.96 0.27 0.00 1.85 0.29 0.00 1.01
CENTRARCHIDAE  CICHLIDAE 6 0.93 0.40 0.90 0.08 0.04 .29 0.5 1.867 0.56
PERLIDAE - PTERONARCY IDAE 1M 0.2y 1.1 0.17 0.40 0.19 0.39 0.32 0.12 1.24
PERLODIDAE PTERONARCYIDAE 9 0.54 0.75 1.12 0.22 0.0 1.39 0.39 0.05 0.92
SALMONIDAE - ESOCIDAE "1 -0.49 .1.40 1.05 0.23 0.3 0.99 0.12 0.03 0.94
PERCIDAE CICHLIDAE -5 0.15 1.43 1.42 0.33 0.13 2.19 0.6 0.03 1.12
6 0.27° 0.54 .89 .37 0.05 1.29 4.67 0.55 2.30
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Table 4.1. (Continued)

Level? 1axon’lb Yaxon ¥¢ Nd l(epteS\opéf 1bard F\h. F2h Ybar GIJ. (32J P\k
ORDER
SALMONIFORMES  CYPRINIFORMES 225 - 0.90 0.87 2.32 0.45 0.00 2.92 0.59 0.00 .}
SALMONIFORMES  STLURIFORMES 203 -0.87 0.85 2.35 0.66 0.00 2.86 0.91 0.00 1.59
SALMONIFORMES  PERCIFORMES 443 0.33 0.94 2.34 0.31 0.00 2.53 0.35 0.00 1.09
CYPRINIFORMES . SILURIFORMES 1Y 0.23 0.93 2.%9 0.28 0.00 2.63 0.33 0.00 1.04
CYPRINIFORMES  PERCIFORMES 0219 . -0.39 0.99 2.66 0.59 0.00. 2.24 0.6 0.00 1.%5)
SILURIFORMES PERCIFORMES 190 -0.74 1.08 2.67 ‘0.82 0.00 2.5 0.71 0.00 1.78
CLADNCERA QS1RACODA 22 0.79 0.62 1.05 0.96 0.04 1.44 2.53 ' 0.28 1.92
CLADOCERA . AMPH I PGDA 105 0.27 0.91 '1.14 0.63 0.00 1.3t 0.76 0.00 1.56
QSTRACQOA 150PQ0A 7.-1.10 2.08 1.26 1.23 0.61 1.49 0.29 0.03 2.1
"OSTRACODA AMPH [ PODA 14 -2.74 2.30 1.62 2.07 0.33 0.99 .0.39 0.01 2.82
1S0P0ODA AMPH1PONDA 20 -0.22 0.45 1,92 0.92 0.04 -0.66 4.45 0.87 1.88
1SOPODA DECAPODA 5 -2.31 1.85 2.00 4.42 2.09 1.39 1.29 0.18 4.12
AMPHIPODA DECAPODA 14 0.5 V.67 0.39 2.3 0.2% 2.34 0.98 0.03  3.24
PLECOPTERA QDONATA 13 0.60 0.53 0.55 0.6 0.10 0.89 2.156" 1.26 1.53
PLECOPTERA DIPTERA 18 0.71 2.46 0.18 3.15 1.68 1.22 0.52 0.05 3.48
SALMONIFORMES  ATHERINIFORMES 6 0.37 0.66 0.17 6.10 0.00 0.48 0.24 0.02 0.63
CYPRINIFORMES  ATHERINIFORMES 5 0.02 0.74 0.95 0.06 0.00 0.72 0.32 0.0 0.50
SILURIFORME> . ATHERINIFORMES 5 -0.48 0.85 0.84 0.9 0.09 0.23 1.25 0.17 1.87
_ ATHERINIFORMES PERCIFORMES 0 -0.10 1.03 0.77 0.2y 0.00 0.70 0.20 0.0V 0.9
0STRACODA DECAPODA 9 -1.05 1.37 1.86 1.34 0.13 1.51 0.7) 0.04 2.27
CLASS .
CANFRIDIA OSTEICHTHYES 206 -6.97 3.34 2.57 3.84 0.6 1.63 0.34 0.00 3.84
CRUSTACEA INSECTA 3713 0.0 0.83 1.19 1.33 .0.00 0.99 1.94 0.01 2.26
_PHYLUNM o
""CHORDATA ARTHROPODA . 2103 -0.55 0,77 2.35 1.76 0.00 1.27 2.94 0.00 2.60
. SPECIAL
FATHEADL MINNOW CYPRINIFORMES 30 0.26 0.95 2.63 0.19 0.00 2.77 0.2y 0.00 0.85
BLUEGILL PERCIFORMES 65 0.16 0.95 2.)3 0.22 0.00 2.39 0.24 0.00 0.9
RAINBOW TROUT SALMON1FORMES g8 -0.11 1.04 2.59 0.7 0.00 2.59 0.16 0.00 0.8
FATHEAD MINNOW ~OSTEICHTHYES 3547 -0.30 1.00 2.77 .0.45 0.00 2.49 0.44 0.00 1.2
T BLUEGILL OSTEICHTHYES 500 ° 0.317 0.96 2.52 0.49 0.00 2.60 0.53 5.00 1.37
~RAINBOW TROU1  OSTEICHIHYES 480 0.29 0.99 2.42 0.38 0.00 2.7 0.39 0.00 .1.20

3laxonomic level at which the extrapolation {3 made.

DYaxon from which values of the independent variable are drawn.
CTaxon from whi~h vaiues of the dependent variable are drawn.
dnumber of points in the regression.

eEstimated intercept (a). '

fEstimated slope (b).

9Mean of X. o

- Meactors used in calculating the variance .of an individual Y.
Imean of Y. .

Jractors used with the inverse regressions to calculate the
variance of an individyal X. ]
kThe 95% prediction interval on the point XBAR is YBAR + PI.
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Table 4.2. Summary of aquatic taxonomic extrapolations’

n Weighted

mean 95% -
: . prediction
Taxonomic level nd : : jnterval
" Species _
Fish 8 0.76
Arthropods . 2 1.10
Genera
Fish 8 0.74
Arthropods 2 ~0.78
Families _
Fish ' 4 0.97
Arthropods - 3 ' . 1.37
Amphibians , 1 1.14
Orders 7
Fish - 0 | 1.35
Arthropods - 10 2.06
Classes
Chordates o - . 1 ' 3.84
Arthropods ‘ 1 2.26
Phyla - ‘ 1 260

\,aNumber of pairs of taxa at that taxonomic Tevel.
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because we are 1nterested_tn the precision of the'estimate rather than
the ability of the model to “*explain® the data. In addition. therr
values for this regression hodej are con;iderab]y htgher than those ror
tordinary least squares; therefore they'coufd not.be used for compar1§on
w1thvother resotts. | |

_ Because these extrapo]ations are made‘between‘tdenticat-benchmarks
196-h LCSOS) determined*at a single laboratory, N\ was set to ).
Th1§ assumption was tested by pair-wise compar1sons of the 95%
confidence intervals reported by Johnson and Finley (1980). Average'
ratios of confidence interval widths on Le,

50
each taxonomic level were all found to be very close to 1.

s for pairs of taxa at .

~ Table 4. 1 can be used to extrapolate between taxon X and taxon Y
as previous]y explained (Sect 4 2. 1) S1nce we are us1ng an
errors-in- variab]es mode] the inverse regression (x from Y) can be
calculated as x = (y - a)/b Variance for th1s 1nverse regress1on

(Mandel 1983) reduces to ‘var (XIYO) = G

1+ G (Y Y) . w1th-G1 and-’

G provided in the tab]e v

Four special taxonomic extrapolations are presented at the end of.
Table 4.1. These are extrapolatiopsfbetween the three most common test
spec1es ofﬁfjsh (fathead minnow, bluegill (Lepomis macrochirus), and
ratnbow'trout],.and'botp'the Order to which tﬁey belong and the entire
' _C‘ass Osteichthyes Toe extraoolat1ons are osefuI for asSéSsments in
which members of an entire higher taxon are to be protected or for
which an appropriate lower—leve] extrapo]ation is not available. This'
type of extrapolation also serves to tooicate how wel]vthese species

serve as representatives for the taxa as a whole. The measure,ofA»’
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pre&1ct1ve power broQided by the pre&iction 1nterva1s~for these
equations is a bettef guide to'theﬂselectién of teSt species.théﬁ
felative sensitivity, importance of tﬁe spgc1e5. or its similarity io_
currently used spegfes (Sutgr and véughanilsaé). By this criterion, -
the three fish specieé are about equally good representatives; buf the
rainboﬁ trout is slightly better. _' A |

A variety'of acute—chr6n1c extfapolations are presen;ed in "
Table 4.3 for different chronic benchmark§ and‘subsetskdf,the dqta.‘
The values of N\ for these extriapolations are estimated;from the

ratios of the mean variances of benchmarks from replicate tests in

’Abpend1x A. Thé choice of gxtrapo]ation ¢:pends on the input data and

on the end point desired, that is, MATC vs effects levels, all chr&nics
VS l1f§—cycle, or specific categories vs all chem1cal§. Cléarly the
extrapolations presented Are‘on1y é fractfon of those that could be
created from different subsets of data. | _ B

The first extrapolation in TabTe 4.3 relates fatheéd‘m1nﬁow MATCs
to those of all other freshwater Osteichthyes. ‘Although the predicted
Y for this tybe of extrapolation is mean1ngles§ (there is no mean

fish), this fe]ationship'can be used to estimate the'rjsk thét'the MATC

(for some species of fish) will be exceeded, given a fathead minnow

MATC and an expected environmental concentrqtion. The -prediction

{nterval for this extrapolation is similar to that for the analogous

extrapolation in Table 4.1 between fathead minnow LC.,s and thqse for .

50
a]l,other Osteichthyes; however, the interval 15-slight1y smaller,

possibly due to the sma]ler array of spgcies_that have been used in

chronic tests. One might expect that there would be greater variance




. . .
" Table 4.3. Acute-Chronic Extrapolations. Units are log(ug/L). §g
. . . g;
oss? xb - ] ¢ e o Cond‘t‘ond N © Lamda® Nf lcepthlopeh Xbar' F\j sz Vbark Pl‘ v
1 FM MATC A1l Fish MATC Al 1.0 52 -0.04°-0.79 1.80 0.33 0.01 1.37 1.3
2 FH MATC  Salmoniformes MATC Al 1.0 27 -0.10 0.80 1.87 0.39 0.02 1.38 1.22
. 3 FM MATC  Perciformes MATC - Al . 1.0 '8 -0.26 0.23 1.97 0.45 0.11-1.56 1.3}
: 4 LCy MATC Type = LC ~ 1.5 55 -1.16 0.90 2.75 0.50 0.01 1.31 1.40
5 Cs NRATC A} 1.5 98 -1.5% 1.07 -3.13 0.59 0.00 1.85 1.50
- 6 'LCsp MATC ) Cldss = N 1.5 23 --0.42 0.90 3.87 0.09 0.00 3.05 G.59
1 Llsp . MATC - ] Class = M 1.5 25 -0.70 0.73 3.25 0.37 0.02 1.68 1.19
. 8 tCg5p - E€Czg5 Mortlh : Type = LC 1.0 15 -1.46 0.96 2.7V 0.53 0.03 1.4 1.43
: 9 LCsg ECy5 Mort2 Al o 1.0 30 -1.69 1.2) 2.98 1.10 0.03 1.9 2.06
10 tCsp © ECpg Mort2 ) Species = FM TYPE = ELS 1.0 16 -2.33 .33 3.35 1.52 0.06 2.12 2.42
n LCgq €Cpyg Hatch . Al 1.0 13 -2.24 1.34 3.40 1.46 0.06 2.33 2.37
5 12 LCsp ECys Eggs Type = LC 1.0 26 -2.43 1.19 2.83 0.75 -0.04 0.94 1.70
N 13 LCsg ECy5 Weight - ATY ) 1.0 37 -2.03 1.24 3.40 0.77 0.00 2.8 1.72
B 14 LCsg. - EC;, Weight Species = FM. TYPE = ELS 1.0 24 -1.72 1.18 3.70 0.84 0.02 2.66 1.179
15 LCsg ECys Wt of Juveniles/tgg Al) 1.0 14 " -1.88 -1.10 3.20 1.49 0.04 1.66 2.39
16" tCsg ECy5 Wt of Juveniles/tqg Species = FM IYP[ = ELS 1.0 11 -2.00 1.16 3.18 1.60 0.05 1.68 2.48 o
17 Llspy " Daphnia MATC ) Al . . 1.3 57 -1.30 1.11 2.73 0.48 0.0V 1.72 1.35 o
18 - LCyp Daphnia MATC Class = W - 1.3 0.96 2.44 0.63 0.02 1.26 1.56

21 -1.08

308S = Observat’on number. : ) . . : ]
DIndependent variable. FM MATC « MATC values for fathead minnows. LCsp = LCsp values for the species and chemica)
carresponding to those of the dependent variable.
Cpependent variable. Al) Fish MATC = values for all freshwater fish other. than fathead minnovs Salmoniformes
NATC = values for members of the order Salmoniformes. Perciformes MATC = values for members of the order Percitormes.
MATC = Values for fish. zczs Mort) = a corcentration estimated to cause a 25% increase in mortality of parental fish.
: - . : €Cy5 Mort2 = a concentration estimated ic cause a 25% increase tn mortality of larval fish. ECyg Hatch = a
e T . concentra.ion estimated to cause a 25% decrease in normal hatches of fish eggs. ECpg5 EQgs = 3 concentration estimated
o ’ to cause a 25% decrease in the number of eggs produced per female fish. EC25 Weight = a concentration estimated to cause -
a 25% decrease in the weight of fish at the end of the larval stage. Daphnla MATC = values for members of the genus Daphnia.
dsubset of the data used in the extrapolation. All = all pairs of X and Y points are used. Type = types of tests
included: LC = life cycle or partial life cycle, ELS = early life stage. Species = Species of test organism: FM = fathead
Lt minnow. Class = Chemical class: M = métal, N = narcoatic. _ .
: ot €Ratio of the variances of the Y and X varfables.
P . . fnumber of points in the regression.
JEstimated intercept (a).
hestimated slope (b).
Anean of X. |
Factors used ¥n calculating the variance of an 1nd1v1dual AR
knean of Y.
-1The 95% prediction interval at the point XBAR is YBAR g Pl.
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among species in chronic toxicity than'in acute’toxtc1ty because of the
greater variety of'responses potenttally involved, part1cu1arly in -
life-cycle tests However, thts analysts does not support that idea,
and the substitution of larval mortality or growth for 11fe—cyc1e
responses in chronic tests suggests that acute and threshotd chronic

responses may be equally simple; therefore the true variances may be

~ equal. Extrapolations 2 and 3 are analogous but extfapolate to

specific oroers; Tnere is no ga1n‘1n precision by this 1nereased A

specificity. Al extrapo1attons have negative 1ntercebts and slobes

“less than 1, indicating that fathead ninnows are a little less

sensitive than most other fish in chronic tests.

The'next four eXtrapolations in Table 5;3 predict HATCs from Lcsos
forbthe.same species. Extrapolations'4 and 5 include all spettesvand
chemical types, but 4 1nciudes on1y 11fe;cyc1e tests (which are
somewhat more reliable than early life—stage tests). whereas 5 1nc1udes
an HATCs for which there is a corresponding LC50 Extrepolations 6
and 7 include all Species and test types but are 11mtted to naneottcs
end metals, respectively. The chemicals identified as narcotics belong
to the classes of chemicals identified as'such'by veith et als (1983)
and Call et al. (1985). The particularly narrow:predict1on 1nterv§1
for this extrapolation reftects the prectston of the quantitative
structure-activity relationships (QSARs) for-narcotics presentzd in
those reports, tnns reinforcing the idea thet the action of these
chemicats is highly predtetéble. In fact, tne fathead minnow LCgys
and MATCs generated by the QSARs in these reports, or by any:other QSAR

with precision as good as that of replicate tests, could be used in the
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extrapolations becween fafhéad minnow benchmorks and those for other

taxa, if there is reasonaole certainty that the chemjca] 1n,quéstion_
belongs to the correct category. QSARslcon be more precise than
individual tests bécouse.they summarize 1orge amounts of information,

and because chemical measurements are genera]]y much more precise than

. biological tests (Cra1g and Ens\ein 1981),

The next n1ne extrapolations (8-16) constitute an examination of
the predictabi]ity of particular levels of chronic effects (LCZSS and
ECZSS) from acute Lcsos for‘the same species. Mort) is mortality
of parental fish; Mort2 is mortality from hatching to the early jhvenile
stage; Batch-is-the proportion‘of eqgs failing to successfuily_hatch;‘ ;

Eggs is the reduction in the number of eggs produced per female relative-;

“to controls; He1ght is the proportional reduction in the average we1ght‘-'9

of early juveniles re]ative to controls. and wt of Juven11es/Egg 1s the
proportional reduction in the we1ght of early juven11es per initial
eqq. He used o ZSZ-reduction in performance in this exerc1se‘largely
as a matter of convenience in dealing with this daca set racher than as

a proposed assessment end point, but 2¢% cou]d be defended as a ]éve1

© of effect thot would be barely detectable in the.f%e\d. These

extrapolations are more imprecisc than tnose from acute LC .S to

50
MATCs. This result is surprising since we expected that an acute
median lethal concentration would be a better predictor of a chronic
quartile lethal concentration than of a hypothesis-testing-derived

benchmark that is noi indicative of any particu]ar-type or level of

effect. Limitation of the data set =0 only early life-stage tests with

fathead minnows does not reduce the uncertointy. The most oovious
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.exp1anation is that -the chronic LC2 s and EC,.s contain much

57 25 .
gxtraneous variance because of the poor data from which they were

derived. Nearly all of the chronic concentra %h4response data would

fail to pass.conVeht onal requ1rements for caﬂcu1at1ng acute LC50
v

and EC 50

levels of 50% or greater, or high control morta]ity In add1t1on many

s because of the lack of partial k11ﬁ§. lack of effects
) v

of the chronic results shou apparent hormes\s ‘at low concentrations.
which comp]icates curve fitting.

The last two extrapolations in Table 4.3 are for predicting
1ife-cycle MATCs for Daphnia from 48-h Lcsos, first for all chemicals
and then for metals only. These extrapolations have about the same
uncertainty as the cor:espond1ng LC50 to MATC extrapo1af16n§.for fish
(Nos. 4 and 7 in Table 4.3).. These.LCS0 to MATC extrapqlations forif
fish and Daphnia have about the same average 1eve1:of unceriainty as ’

the extrapoiations of LCSOS between families of arthtppods or orders

of fish (Table 4.2).

One potential source of bias in these extrapolations s the fact
that investigators will sometiines report results as bé1ng greater than
or less than some value because‘tﬁe highest or lowest concentration
tested was nat high or'?ow enough to allow. the benchmark to be
determined. Since the true value of the»bénchmark is unkndﬁn. these
resﬁlts cannot be used in the extrapolations. However, since these are '
1ikeiy to be chemTcals'Q1th extreme application factors (HAfC/LCSG
values), they_uould.presumably 1ncrea§e the variance in the

extrapolations if the{r»true values were known and included. 1In

addition, there may be a bias in the centroids because there are more
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< than > values for ﬂATCs'1h the data set (17'vs.'6, - App.ﬂA).
However, this does nﬁf appear to be a sign1f1cant problem since all but
one of the > or < estimates of the MATC fall within the 95% PI for
extrapolation 5; Tab]e 4.3. 1In ad&ition. an examinatfon of these
studies indicates tﬂatrthe failure to §h9w a statisiically_significant
effect at the highest concentration te;ted js.due primarily to_high

variance in the test data rather than extfemely low chronic

~ toxicities. These observations suggest that the true app]jcatipn

factors for these chemicals may'not be extremely high‘or Tow.

- 4,3.3 A Demonstration

 As an example of the use of these extrapolations, consider the

estimation of the risk of exceeding the‘threshuld for chroﬁic effects

o of 5300 ug/L for >

Cs0 into the“

Salmo-Salvelinus eithapolation (Table 4.1) gives a log brook trout

LC50 of 3.77; using «q. (4.11), the variance is 0.14 (the'sécond term
of the variance equatioh. FZ(X - i)z. is trivial in fhis éasef '
Substituting 3.77 1nto extrapolation 4, (Table 4.3), g1ves an estimate
of 2.22 for the log brook trout 11fe—cy;le MATC, with ‘a variance for
this extracolation of 0.53. Using Eq. (3-12), the tota\ yariance for
the dcuble extrapolation is 0.14 + (0.81 x 0.53) = 0.57.

1f the log of thévexpected environmental concentratioﬁ.(EEC) 1§
2.0 with a vartance of 0.5, then the probabi]ity that a realization of
the brook trout MATC 1s 1ess than a realization of the EEC 1s determined

from £q. (4.4), by calculating

(2.0 - 2.22) / (0.57 + 0.5)1/2 = 0.2
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- ‘The cumulative probability for this Z.valué (pbtainedtfrom al tablej

is 0.42. Thus, the risk that the threshold for chronic effects on
brook trout would bé"excéeded is 0.52. or we aré 58% certain that

chronic effects would not occur.

4.4 RISK WITHOUT REGRESSION

In a few cases the assessor will have in hand the bénchmark that
corresponds to his assessment end point; for‘example,-he is interested in

chronic effects on raidbon trout and he has a rainbow trouf_HATc for the

- chemical of concern. 1In that case uncertaihty (as a result of the -

variance between Eeplicate tests) must be accounted for, because the
assessor will be uncertain as teo thg repreﬁentativeness of the sample
of fish used in the iest an& the biaiés introduced by Qariation in
procedﬁres an& conditions. This variance is not acc&unted for separately
when regressiohs are used for extrapol;tfcn, because 1t contributes to
the total unéertaihty in tﬁé regression estimates. |

Pooled variances for particular test types and taxa afe présented 1n.
Table 4.4. These are averages of thg-variancgs of.repl1cate behchmark
vé]ues; weightcd Dy thé'deg}eés of frgedom for each set of replicate
tests. The set§ are'drawn'from Appendix A ;nd the EPA ambient water.
quality criteria support documents. Since we héye-determined the

variances to be hombgeneohs, tnis pooled variance can be applied to

.unreplicated data. If we assume that an individually measured

| toxico]ogita\ibenchmark'is the best_estimate'of the mean of such

benchmarks, then that benchmark and the appropriate poolsd variance can

be used to estimate the ri;ﬁ that the benchmark w11i be exceeded by a

particu]ar distribution of enVironmenta\'coﬁcentrations (Sect. 4.2)..
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Table 4.4. Pooled variances of 1og‘LC50; ECSG;'and MATC . -
values from replicate tests L . :

A . , ~ Pooed
Taxon ~ Benchmark . nd o variance
Osteichthyes Lsg /3 0.018 .
| WG 1s/e6 0.22
Daphnia ECso RV 0.15
. wIC 10733 o 0.17 :

|
I
!
|

3Number of species-chemical combinations/total number of tests.

bMean variance of log values weighted by the degrees of freedom. s
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* If in our example the rainbow trout MATC for the chemical of
_interest 1s 20 ug/L then the mean and variance of the log HATC are
- 3.3 (log 20) and 0.22, respectively. If the epvjronmenta] concentratﬁon
is knan with certeinty to be IO‘ug/L, then the cumulative Z value
calcu]ated }fom £q. (4.7) is -0.64; the probability (risk) that_this
concentration is higher than the MATC'is 0.26. In other words, we are
74% certain that the environmental concentration will not exceed the
ra1nbeQ trout MATC. | | |
We have limited eurselves’to embifica]ly derived estimates of
var1anee in this section,-thereby jmp]icit]y assum1ng‘that the variance
in respense between.the laboratory and the field is no greeter'than the
variance between one laboratory and the next. The assessor who does
notAbe11eve that the toxicological benehmark adeqdately represents his
assessment end point hay reedily incorporate that subjective uncerta1nty
by addtng an increment of ver1ance before télcu&ating the r1sk. It is
1mpoftant to elear1y'document such judgments, 1nc1ud1ng-who made them
and on what basts.‘and~to:separate the judgment from the calculation of
end point values and. risks so as to aveid the temptation to ftddle gith

the conclusion.

-
3 R E]

4.5 COMPARISON OF METHODS

2 e i

A
s
2

We examine here the efficacy of AEE by comparing its ab111ty to

%A% R

preditt the MATC for particular fish species from a fathead minnow

Ve ety

gt

CSO’ uith the ability of an untransformed fathead .minnow HATC a

fathead minnow MATC with an applwcation factor and LC s with

50
acute/chronic correction factors to predict the MATC for that spec1es

T

——

&

P,
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Although the double extrapolation used as an eiample of'AEE 15 not

1ntendedito be used 1f a measured MATC 13 avallahle (one would use

extrapolations rom the fathead minnow MATC to MATCs for the taxa ofl

interest), {tidoes provide an instructive comparlson of the bredictive

power of AEE%?

method and the quotient method ‘with factors

Fing a.double extrapolation to that of the quotient

The results of this comparlson are presented in Table 4. 5 All of
the numbers in the table are derived from data in Appendlx A. The
measured fathead minnow MATC is 1n_error by at least a factor of 2 in
71% of the cases and hy'a factor of 10 in 10% of the casas. The
appl1catlon factor HATC [(true Lc 0/FH LC 6)‘x FH'HATC] is in error _

' hy a factor of 2 in 57% of the cases and by a factor of lO in 19% of o
'the cases. The extrapolatlon HATt is 1n error by a factor of 2 in 71% :
of the cases and by a factor of 10 1n 19% of the cases In palr-wise
‘compar1sons of the methods, the extrapolated MATC was closer to the
true MATC than the fathead mlnnow MATC 1n 44% of the cases ‘The
extrapolat1on MATC was closer than the appllcatlon factor HATC in 43%

of the cases. Thus, the use of AEE with acute fathead minnow data is
'aoproilﬁately as accurate ln'predlcting the chronic;toxlcity to a
particular species (other than the fathead ulnnow)_as 1s fathead minnow
chronlc data; with or Qithout an application factorr

The use of chos with the.most common acute/chronlc correction

factors (1720 and l/lOOl gives somewhat uorse results .Hhen-these‘ ‘

correctlon factors are applled to the fathead m1nnow LCS S, the l/20

0’
factor falls to predict the true MATC wlthln a factor of 2 1n 80% of

the cases and'wlthln a factor of lO in 39% of the cases; the l/lOO
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Table 4.5
than lathead m‘nnou (all values are uq/L) o
- 3] " True True 1] AF Extrapolated
ch . : a b C . d e N f
emical Species Ll Ly . MATC MATCT  WAIC HATC
Arsenic "Flagfish 14,200 14,400 2962 3026 o325 82.1"
Atrazine LARTY TR 15,000 6700 218 4309 192 306
i Brook trout 15,000 4900 . 88 4309 140 3389
Cadmium Bluegihl 6000 . 21100 50 a8 1629 56
: o Brook trout 6000 2.4 46h ) 540 -
‘Flagfish 6000 2500 5.3 © 469 199 239
Walleye 6000 15 " 489 - - ‘ 569
Charnel catfish 6000 14 469 ' 1129
white sucker 6000 1.1 469 1380
small mouth bass 6000 7.4 489 . 569
Northern pike 6000 1.4 469 549 ’
Lake trout 6000 1.4 469 549
Coho salmon 6000 1.2 469 549
.Brown trout 6000 6.7 469 549
Chromium Brook: trout 36,900 59,000 265 19819 31179 255
. _Rainbow trout ©36,900 69,000 265 19879 3118k, 255
Bluegil} 36,900 165 . 19879 214
Channu2) catfish 36,900 214 19879 . 389
Lake trout 36,900 143 19870 . 25%
Northern pike 36,900 120 19879 2559
white sucker 36,900 395 19879 498
.Copper Bluegfil! 253 1100 29 ‘25 1099 5.69
: 3luntnose minnow 253 230 8.8 259 239 14.7
8rook trout 253 100 13 25 10 .3.649
Brown trout 253 ’ 32 25 ‘ 3.64Y9
Lake irout /293 N 25 3.649
Northern pike 253 0 259 3.640
white sucker 293 21 © 25 14.7
Channel catfish 253 15 25 12.7
walleye 253 17 25 ) -5.69
Rainbow trout 253 80 20 - 25 1.39  3.649
Hexachloro-
cyclohexane Bluegil!) 69 30 10.7 14.6 6.3 1.02h
' Brook trout 9 6 12,5 14.6 5.59 0.44h
Malathion Bluegill 10,500 © 110 5.2 T 3.6 2100
Flagfish 10,500 349 9.7 . b 1.3 499
Methy! mercury  8rook trout 65 15 0.52 0.09Y 0.109 0.41
" Flagfish 65 240 0:2 -'0.099 0.33 0.879
Toxaphene Channel catfish 1.2 16:5 0.20 0.03719°  0.0859 0.38
Tinc Brook trout 2349 2000 892 889 750 240
. Rainbow trout 2349 430 191 . 889 160 249
tlagfish 2349 1500 36 .. 989 56 149

3Measured fathead minnow LCop; only LCogs from the same study as the FM MATC determination
are used. .

Dueasurea. Llggs for the listed species; only Ligps from the same sludy as the nAlc
determination are used.

Cihe measured MAIC for the listed species. Life-cycle HAle are preferred over early
life-stage MATCS, otherwice the geometric mean of replicate MAICS {5 used.

A measured MAIC for fathead minnows; replicates are treated as in note (c).

€{True 1.Cqp/FM LCog) x FM MATC.

MATC calculated from a fathead minnow LCsg using laxonom'c and acute/chronlc
extrapolations.

qlstinates -that differ from the true MAIC by a factor of 2 or greater.
PEstimates that differ from the true MAIC by a factor of 10 or greater.
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~ factor fails to predict within a factor of 2 1nﬁ76% of cases and within
.'a'factor of 10 1n 29% of cases.. When applied to the true LCSO' the
1/20 factor fails to predict the true MATC with1n a factor of 2 1n 81%
of the cases and within a factor of 10 in 24% of the cases; the 1/100 ‘
factor fails to pred1ct_with1n a factor of 2 in 86% of cases and wtth1n
a factor of 10 ﬂn'38% of,casesT These tactors and Lcsos arerpoorer
predictors.of MATCs than the methods previously discussed, and neither -
correction factor does's1gn1f1oantly better than the other in this
exerctse; | _
| AEEzhas the advantage over the other‘methods of 1ndicat1ng-how'
{naccurate 1t fs 1ikely to be. In this exercise the 95% prediction
1ntervals (Pis) for the extrapo1ated HATCs 1nc1uues the true HATC in
atl but one of the 41 cases, therefore. us1ng the lower 95X PIs as

stanoards wou1d have prevented exceeding the true HATC in 98% of the '
:cases This .esult suggests the reasonableness of the var1ance terms
used in this version of the method.

wWhile this exercise does not constitute a va11dation of AEE, '1t
does indicate that 1t 1s a good predict1ve too] relat1ve to methods
“that are current?y used. It also demonstrates that all of the methods .
have large associated errors; therefure, 1t is important to explicitly

account for uncertainty in pred1ct1ons,'as is done with AEE.

4.6 DISCUSSION

‘The chief advantage of the analysis of extrapolation error method
is that it provides aniobjective..ouantitative'est1mate of risk without

departing from the generally accepted practice of defining assessment
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end points in terms of toxicological benchmarks. 'Compared with the
quotient method, the °xtrapo1at1on‘error metnod has the adeantaqes of
making assumptions concerning the re]at1onsh;p of the data and the A
| end po1nt explicit, treat1ng the relationsh1p as a set of quantitative

extrapolations. estimating the uncertainty in the relationship. and
producing an estimate of risk based on estimates of the end point and
of the associated uncerta1nty If the data availab1e for an assessment
are not from the needed test type and spec1es. the quot1ent method
requ1res that one use the data available and pretend that they are
anpropr1ate, use correction factors w1thout considering the associated
uneertainty, or aggregate the uncertainty factors Q1th the correctjon
factors'and tfeat_the assessment detefm1nist1ca11y, COmpared w1th
population and'ecosystem models (Sects. 5 and 6), AEE has the advantage
of ustng as its end potnt'the.toxjcological benchmarks'that constitute
.the end'po1nts for all existing regulatory assessnent schemes and -
environmental quality criteria.
The limitations of AEE are that the metnod (1) is 11m1ted to
end points that can conrespond to standard toxicological benchmarks;
consequently, unless subJective_correcttons;and uncertainties are.used.
it cannot address effects on entities or processes that occur on .
spattal or temporal scales beyond the range of toxicity test1ng; (2) is
computationally difficult relative to the quot1ent Method and
conceptually opaque. to decision-nakers'wno lack.statistical training; -
and (3) assomes that existing data sets are representative of future
toxicity data. . The problem of the representativeness of existing data

sets 1s cnaracterist1C'of any method that attempts tc extrapolate

o
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. beyond thé existing data. However, it is 1mportant'to-pay vlose.
attention to the potenfiél bjases in évajlab]e data sets and to be
_aware of whiéh sources of var1ab1]1ty (g(g.. water chemistry,
fnterlaborafbry vgriabiiity, or different stra1n§ bfvthe test species)

~are repréSented in the data set and which are implicit in the

asses;ment (e.g., should data from laboratories of unknown reifability '

be used; and should the resuylts of the assessment apply to a variety of
.s1tes). .In éome cases, fhe extrapolations can be 1nappropr1atel§
_précise és the result of using a highly standardfzed data set. For
example, studies of the acute éffeﬁts of nércotic chemicals 1n Lake
Superior water on the bﬁ]uth‘popu]atiqn of fathead minnows (Veith et
al.>1983) afe used‘in_QSARs that generate‘prédicted Lcsos that are‘
more precise than rep11caté tests in differént laboratories using '
. different Qaters and,f1sh4popﬁlations;‘ More often, there will be
Asoﬁrces'df»yérianée fﬁ the data sets that are extraneous to the.
asses;ment but cannot bé avoided because a more appropriate data set is
not avaijab1e. In those cases the extraneous variance is simply part
:: of the uncertéihty associated with pérfdrming assessments Q1th-l1m1ted
:‘knowledée.'yhich is similar fo the uncertainty concerning future

emission rates or dilution vo]hmes.

ﬁhi]e‘the AEE method was developed to provide estimates of risk,
-1t has a variety of other potential uses;' The regression énd error
V_propagation poartions ;an'bevuséd to estimaté toxic effects for
‘population and etoﬁystém'moqe1s and to generate the parameter
: d1sfr1butions,used in Monte Carlo simulatighs. This usg'js described

in Sect. 5 and 6. Another potential uée is in designing testﬁng )

~t
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: programs; Decisions about the need for additional teﬁting of a
chemical could be made on the basis of the expected reduction in the .
total uncertainty cohcerning the trug vglue of the end bpint, the
expected reduction in risk, or the probability that the test inl_capsg"
a chuﬁge in a regulatory decision. 1In édd1t1on to making decisions for
test{ﬁg individual chemicals, AEE could be used to elucidate the
impiications of the decision rules in tiered testing séhemes ér to

devisa new decision rules.

.
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5. EXTRAPOLATION OF POPULATION RESPONSES
L. W. Barnthouse. G. W. Suter II, A. E. Rosen,
and J. J. Beauchamp
As noted in Section 1 of thfsnreport. the end points of .ultimate
fnterest in ecological ri-« assessment are effects of long-term
exposures on the persistence, abundance, and/or production of

populations. In contrast, the data available for assessing ecological

risks of toxic contaminants are nearly always restricted to effects of

contaminants on individual organisms. If assessments of ecolog1ca1
effects of toxic contaminants are ever to reach the same level of
sophistication as assessments'of nontoxicological stresses, such as

fishing and power plants, 1t will be necessary to develop analytfca]

'techniques for extrapolating from 1nd1v1dua1 level responses to

"population level responses

Many of the components necessary for this task already ex1st

Section 4.1 of this report showed that statistical relationships

7 (1) among 9¢-h Lcsos for different fish taxa énd (2) betueen 96-h

LCSOS and max imum acceptable toxicant concentrations (MATCs) can be

used to extrapolate chronic effects thresholds for untested fish

- species from acute Ltsos for tested species. The literature on fish

' population modeling contains a variety of technidues for estimating

population-level responses to age-specific changes in mortality,

fecund1ty. and growth

In this section we describe a method of generating l1ife-stage-~
specific concentration-response functions for efther tested or

untested fish species. We demonstrate the linking of the estimated

~—



does not matter which model 5s‘dsed{ The logistic model has convenient

" properties that can be seen by reformulating it as-
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k concéntrat‘ion,—responﬁe functions, together with the‘ir associated : @
uncertainties, to simple fish population models that have proved useful -
“in other propléms invoiving anthropogenic stresses on fish populations. .
Our objectives are, first, to quantify the uncertainty resulting from ®
extrapolation from bioassay results to population responses, and )
second, to express effects of'tox1cvcontam1nants in common units with
effects of nther anthropogenic stresses on fish pobulations; ,
: : ¢
5.1 FORMULATION OF CONCENTRATION—RESPQNSE MODEL
, The concentration-response function used in this study is the .
legistic model -9
B A VA IR S (5.
where o .'

P= fractionai response of the exposed population,
X = exposure cdncentraﬁon, and

a,B = fitted parameters with no biolo§1cal interpretation.

when fitted to concentration-response data, the logistic function has a
sigmoid shape similar to the probif model. Because ecological risk

assessment does not. involve extrapolation to extreme]y.low doses, it

Xp = [In{P/(} - P)] - al/B , o {5.2)

where

XP = concentration producing a fractional response equal to "P.
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If a and B are specified then xn can .be d1rect1y ca]culated
from £q. (5.2). Alternatively. if x and B are spec1f1ed then a

can be calculated from

a= P/ - P) - BK] . (5.3)

In other words, the compiete concentration-response function can be -

_obta1ned by specifying either a and B or B and the concentration

associated w1th a single response 1eve1 (e.q., the LC25)

parameter B spec1f1es the curvature of the log1st1c function and is
independent of the position of the curve on the concentrat1on axis. 1f

two logistic functions have different LC, s but the same curvature,

25

their B'parameters.will be equal.

if a chronﬂc concentration-response data set 1s avaiiabue for a
species and contaminant of 1nterest then a logistic
concentrat1on-response function and assoc1atad conf1denc§fbands can
be obtained by f1tting the log1st1c model to the data. If however,
directly applicab1e data are not avatlable, a function and confidence
bands can-be obtained USing'extrapolated vn]ues of B and LC25.
The following subsectfpns_&escribe methods for calculating

concentration-response functions and confjdence bands directly

from data and by extrapolation.
5.2 FITTING THE LOGISTIC MODEL TO CONCENTRATION-RESPONSE DATA

. Concentration—respbnse data sets can be fitted to &q. (5,1) using
nonlinear 1edst,squanes regression. This senfibn describes the

procedure fonvf1tt1ng chron1cnconcentration—response data sets from
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_whole iife cycle experiments to the logistic model.v Although a variety

of test end points can be used (e.g., growth or fecundity), only the

method used to model mortality is described here. The data required

are (1) the number of replicates tested at each concentration (inciuding:

the controls), (2) the number'of organisims in each replicate, and

(3) the number of organisms dying in each replicate (1nclﬁd1ng the

‘cgntrols). As in the ektrapolatioh models described in Section 4.'test

concentrations are entered as log]d(concgntratinn in.ug/L) so that
the units represeht orders of magnitudes of concentrations. The
fraction of organisms dying in each rep]icafe is corrected for contfol

mortality using Abbott's formula (Abbott 1925), as described in

Section 4. We use the SAS procedure NLIN to produce estimates of a>'

and B and a varfance—covar1ance matrix for a and 8.

Unéertainty concerning the shape»and position of the
concentration-response function, as reflected in the vafiances.and
covariances of ﬁ and B, caﬁ be represented graphically as a
confidence band surrounding the fitted fuﬁction. as §1lustrated in
Fig. 5.1. Bfand et_a1. (1973) described a procedure for calculating

confidence band functions for the logistic model from the elements of

-the variancefccvar1ahce matrix. Alternatively, confidence bands can be

calculated numerically by iterative random sampiing (i.e., Monte carlo

simulation) from the bivar1ate normal distribution defined by the -

varﬁance-covar1ance matrix. Published data from full life cycle tests

for fish are commnonly broken out by life stage (e.g., eggs, larvae, and

juveniles). To perform a population-level assessment using these data,
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Fig. 5.1. Uncertainty band for the logistic model fitted to

concentration-response data. For any contaminarn:

concentration, there is a 90% probability that the fraction of

organisms responding will 1ie within the shaded region.
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! concentration-response curves nust be calculated'separately.for each
1ife stage and then combined. .He use Monte Carlo slmulat10n for
" ‘analysis of these data sets. |

5.3 EXTRAPOLATION OF CONCENTRATION RESPONSE FUNCTIONS AND. CONFIDENCE

BANDS FOR UNTESTED SPECIES :

Because full'life cycle concentration-response data are'rarely
available for species-contaminant comb11atlons of 1ntercst in risk
assessments, we developed a method for extrapolatlng logistic functions
.and confidence bands using data sets presented in Appendix B. We used
data sets fer mortallty to three life stages (eggs.vlarvae juueniles)

»that together encompass the fish life cyrle from egg to flrst ’
’reproduction The data were screened, and sets for which (1) mean
control mortal1ty was 30% or larger or (2; the range of test

concentrations did not span the LC were deleted.

5.3.1 Extrapolation of B and LCjg

- The chronic LC 25 rather than the LC 0. was chosen as a
benchmark because. in the majority of available data sets, the range of
concentrations used (usually 5-7 values per experiment, exclud1ng

- .controls) did not span the LC The logistic model was fitted to

50°
the data sets that satisfied the excluslon criteria using the procedure
described in Section 5.1. Data sets for. whlch confidence 1ntervals for
the fitted B values included zero were excluded from further

analysis. Hhen the'fltted B values for the rematnlng‘77 data sets

were examined, they were found-to fit a Jognormal dlstrlbution
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with a median ofA6.08. a 5th percentile of 1.87,:and a 95th'percenti1e_
of 16.43. No signiiicant difference was found between the distributions
of B's for the three life stages, and no correlation was found

‘heti:een the B's and the LCZSS'

Equations for estimating chronic Lc S (withvassociated

25
confidence intervals) from acute Lcsos were derived using the
procedure described in Section 4. Separate equations were developed
for each of the three 1ife .stages represented in the chronic |
concentration-response data sets.

5.3.2 Calculation and Verification of Synthetic
Concentration-Response Functions

Given extrapolated estimates of B (B*) and LC 25 (ch, ).A

an’ extrapo]ated estimate of a (a*) can be obtained from

a* = 1'n(-i/3) - B*LCpg* . - - (5.4)

When sobstituted into Eq. (5.1), the extrapoiated values of a* and

3* permit the calculation of the expected response asaociated with any
contaminant concentration. Uncertainty concerning the expected.response
is quantified, using Monte Carlo simuiation,‘from (1) the observed.
distribution of fitted values of B and (2) the extrapolated error .
around the estimated Lcé5 (Sect. 4). Each distribution s sampled

25* are

used to calculate a statistical distribution.for the response associated

with a given contaminant concentration. Hnen this procedure is repeated

- for a range of concentrations, the plotted values form a conf‘dence band

around the extrapolated concentration-response function (Fig. 5.1).
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‘Of the 77 chronic concentration-response data sets used in this
analysis, corrésponding.96—h LCSOS (i.e., same species, contaminant,
and-experiméntal conditions) were available for 60. We used this subset
of 60 data sets to verify the extrépo1ation métﬁod. First, one data |
se£ was arbitrarily deleted from the subsef. A distribution of B's’
and a set of acute—chronic regréssibn equatiohs were then calculated
using the remaining 59 sets. A synthetic concentration-responﬁe

_fuhctﬁon and 90% confidence bands for the contaminaht4spec1és 11fé—stage
combination represented in the deleted déta set were then extraﬁoTated
. from fhe abpropriate acute LCSO. Finally, the logistic model was
fiited to the.deleted data set and overlaid on the extrapolated
. uncertainty bqnd; An example is presented in Fig. 5.2&
This brocess was repeaied for each of the 60 data sets in the

ver1f1cét10n subset. The number of times the emp1r1ca]]y'est1mated

LC1os, LC,.s, and LC s fell outside the extrapolated 90% confidence

25 50
. bands were counted. There were seven *misses” at each of the three .-

response levels. These compare favorably with the expected number, six.  § o
5.4 CALCULATING REDUCTION IN REPRODUCTIVE POTENTIAL

" The population—]evel. variable chosen as a response variable is the o
reproductive poténtial‘of a female recruit, defined here as é 1-year-old
fish. The reproductive potential of a female recruit is defined as

- the expected contribution of that female to the next generation of :

recru1ts. taking into account her annual probability of survival at

different ages; her expected fecundity at different ages, provided that
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Fig. 5.2 Example of ‘the procedure used tovvefify tﬁe'gynthetic concentration-response modeling

technique. A logistic mode) fitted to an actual concentration-response data set is over-
1aid on the uncertainty band of a synthetic concentration-response model constructed for
the same chemical, species, and 1ife stage. When many such comparisons are made, 90% of
the fitted functions should fall within the uncertainty bands of the synthetic functions.
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.shelsﬁrvives; the probability that a spawned egg will hatch; and the
probability that a newly hatched fish will survae to age 1. The
ability of a fish population to sustain exploitation (harvesziné) by
man and to persist in a variable environment is directly related to the
reproductive potentié]-of female.f{sh.

Models based cn reproductive potential have been uséd to assess
the effects of f1sh1ng‘and of power plant cooiing systems’cnvthalrisk
of ﬁatastrophic declines in fish populaticns  (Goodyear 1977). foxic‘
contaminants, like f1sh1ng. reduce the reproductive potential of a
female recruit. Mortality rates for fish exposed to toxic contaminants
can be translated into changes in reproductive potential, thus allowing

| comparisons between the populétion-level consequences of fishing and
toxic contaminants. The reproductive potential of a 1-year-old female

retrqit is given by:
_ n - i .
P = 501): S{E4My ' : (5.5)
='l ’

where _

S, = probability of survival of eggs from spéwning to
age 1 year,

S, = ﬁrobabjlity of survival of female fish from age 1

fo age 1, 4 ‘ |

E{ = average fecundity per matﬁfe.female at age 1,

H{ = fract1oﬁ of age 1 female; fhat are sexuélly mature,

n = number of age classes in the population.
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Toxic contaminants may reduce the survival of fish at all ages. The
repfoductivé potential of a female Fecruit exposed to a tox’c

contzminant throughout her life cycle is given by

P = 50(1.@032]55(1-«“,,)1-1!4#; | . (5.8)

3
L}

0 probab11ity'of contaminant-induced mortality during

the first year of life, and

3
[

‘m_ = probability of contaminant-induced mortality for
1-year-old and older fish, assumed equal for all

age classes.

The fractjdnal réduction in reproductive potenfial'because'of toxfc

" contaminants (RS) is given by

TR = (PP R (5.1,

Note thét natural young-of-the-vear survival (So). for which reliable
estimates are almost never available, cancels out of Eq. (5.7) and is

not redu1red for the assessment.‘
5.5 APPLICATION OF THE MODEL TO RAXNBOHvTROUT AND LARGEHCUTH BASS

The rainbow trout (Salmo g§1rdner1) and largemouth bass

(HTcrobterus.salmong;) were choéeh as examp1é§ for 1lldstrating the
ahve extrabolat1oh techniques. - Tables 5.1 and 5.2 present life
tables for reprgsentatfve pbpulations of these species. The

1ife-stage-specific mortal{ty estimates obtained from the
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Table 5.1. Life table for rainbow trout (Salmo gairdneri), modified
from Boreman (1978).

Ae - om A L o5

1 0.151 207 1.0
2 0236 sso 0.31
3 © 0.995 : 87 ~0.090
s 100 2134 - 0.013
5 .00 T aees ©0.0020

6 : 1.00 5424 : 0.00030

aProporﬁon of mature females.
bFecundity per mature female.

Ccumulative probability of'shrvival from-age 1 to age %.
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P ' Table 5.2. Life table for largemouth bass (Micropterus
salmoides), modified from Coomer (1976).

. Age : W .. gb _ 59 €
® ¥ 1 0.0 : 0 1.0
2 C0.17 5,243 0.52
3 o 1.00 10,830 0.19
e | 4 1.00 16,190 0.085
s .00 . 24,500 0.039
6 . 1.00 29,973 0.018
’ 7 1.00 : 36,287 0.0073
° o .
8 . 1.00 42,600 0.0029
'aP_ropprﬁon of mature females.
.' 'ngcundity per mature fema}e
Ccumulative probability of survival from age 1 to age 1.
®
®
o’
. )
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. conCEntfétion—responseJMOde] are translated into age-specific survival

probabilities usihg the following equation:

(1 -mg) = (3 - @) - m)(1 - my) ~ (5.8)
where
m, = probability of mortality. for the egg stage,
m = probability of mortality for the larval stage. and;
mj = probabi]ity'of mortality for posf-larva] stages.

In the chrdnfc toxicity testg, mJ applies roughly to the pérjod
from the :nd of the larval stage to tﬁe age of firsf reproductibn. The
total durat1oﬁ of the -egg and larval life staées_1s only a feQ months,
whereas juvenile femafes fn botﬁ example populations do not reach
sexual matuf1ty unti) two years of ége. In theory, therefore, some
fraction of juvenile mortality should be allocated to older age
classes. However, 1f mortality due to contamiﬁéntsyfs reﬁtricted to
prereprdduc£1ve fish. then the allocation of a given fract1onal.
mertaiity (3 -,mj) amona prereproductive age classes does not affect
" the predicted popuiation response. It is common practice in life-cycle
toxicity tests to sacrifice the test fish after one spawning; thus,
there is normally no}1nf¢rmat10n on fhe'effects of toxic contaﬁinants
on adult age classes. It can be assumed either that (1) adults,suffer.
the_same mortality as juvenile fish; or (2) all susceptible fish are
killéd during the first reproductivé cycle;‘thereforé. fish surva1ng

their first spawning will not suffer excess morté11ty.for-the remainder

of their lives (i.e., m. = C). Assumption (2) s adopted here.
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We note that Eqs. (5.6) and (5.7) are high]y'sehsitiVe te errors in
estimates of adult mortality because of the cumulative effect of

applying (1 - mr) to each successive age class.

5.5.1 Comparison of Fitted and Extrapolated Concentration-Response
Functions and Uncertainty Eands

Full life cycle toxicity dafa are rot available for either the
rainbow trout or the largemouth bass for any chemical. However, full

life cycle toxicity data exist for brook trout (Sa]Qe]inus fohtina]is)

exposed io methylmercuric chloride (Appendix B). Figure 5.3 shows a’ v

. concentrétidnfresponse function and confidence bands constructed by

using the brook trdut as a surrogate for rainbow trout. The logistic
model wa§ fitted to eqg, larval, and juvenile test dafa for break

tréut. The reproductive potential index was then calculated using the -

"1ife-table data for rainbow ffout»(Tabie’S.l). - The brook trout MATC

fdr methy]mercurié ch]oride,'as calculated from the same déta set used
to construct thg conceﬁtration—response functions, is plotted on the
concentration axis. The median va]ue of the EC'1o is 0.07 wug/L, and 
the prediction 1nterval'(1.e.,'the 96% confidence interval éround the

median)'is approximately 0.03 to 0.1 ug/L. The brook trout MATC for

methyimercury, 0.53 ug/L, corresponds to a 60 to 8% (median 66%)

reduction 1n'reproduct1ve potéﬁtia];

A methylmercuric chloride acute Lcsolis_ava11ab1e for rainbow

trout. Figure 5.4 shows a concentration-response function constructed

from a sing]e-step;extrapolutioﬁ, from rainbow trout acute LC50 to

chronic LCZS' using the method described in Sectibn 5§.3. The pedian
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F‘ig.. 5.3. } Fitted conc'entrat.‘ibn-response’ fun;t1ori.and anertai-nty. band

for the reduction in female reproductive potential of brook
trout (Salvelinus fontinalis) exposed to methylmercuric
chloride. The dashed 1ine denotes the 10X  effects level

(ECyp) -
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Fig. 5.4,.'Synthetic concentration-response function and uncertainty band

for the reduction in female reproductive potential of rainbow
trout (Salmo gairdneri) exposed to methylmercuric chloride.
Chronic LCygs for the three life stages were obtafned by

" single-step extrapolation from an acute LCgg for rainbow
trout. .
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responses from the extrapolated model (Fig. 5.4) are very close to
the median responsesv(Fﬁg.;5.3)-ffom the fitted model (median

1

| ECyg = 0.09 ug/L for the fitted model and 0.10 ug/L for the
extraplated model). The prediction intervals, however, are much

wider. The prediction interval for the EC in Figf 5.4, for

10
e*ample, ranges from 0.003 to 1.2 ug/L.‘ The raihbow trout MATC for
methylimercuric chloride (1.2 uQ/L. extrapolated,from.brook trout
using the method described in Section 4),'corresp0nds fo é 10-100%
_rgduct1on in répioductive bqtential.

If no acute LCg, had been available for rainbow trout, it would

50
another species. Figufe 5.5 shows a concentration-response function

have been necessary tc extrapolate a value from an acute LC_, for

constructed from a two-step-extrapolation (Section 4), ffom fathead

to chronic

minnow (Pimephales p-omelas) to rainbow trout acute Lc50

LC,.. The prediction interval for the EC obtaTﬁed from the

25 10
~ two-step extrapolation ranges from 0.0002—0156 ug/L, with a median of
‘0.015 ﬁg/L. Thus, compared to the single extrapolation, the two-stepf
-~ extrapolation produces median effécfs about a'factdr of five lower and
prediction intervals about an order of magnitude w1def. |
Comparisons of Figs. 5.3, 5.4, and 5.5 suggests that, as is
true in extrapolation of MATC's (Section 4), in extrapolation of
concentrat1pn-respon;e functions.the acute-chronic extrapolation is
‘dominant source of uncertainty. "As a.means of confirming this
inference, we examined the importance of uncertaiﬁty_concerning 8

in detérm1n1ng the widths of prediction intervals obtained in the

single-step extrapolation (Fig. 5.4). Figure 5.6 presents a

‘b
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Fig. 5.5. Synthetic concentration-response function and uncertainty band
' . for the reduction in female reproductive potential of rainbow -
trout (Salmo gairdneri) exposed to methylmercuric chloride.
Chronic LCogs for the three 1ife stages were obtained by
two-step extrapolation from an acute LCgq for fathead minnow
(Pimephales promelas). : : ,
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Synthetic concentration-response function and uncertainty band
for the reduction in female reproductive potential of rainbow
trout (Salmo gqairdneri) exposed methyimercuric chloride.
Chronic LCygs were obtained as in Fig. 5.4. Uncertainty
concerning the curvature of the function was eliminated by
setting the curvature parameter (B) constant at its median
value.

e
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concentration-response function constructed s1m11ar1y to F1g.>5.4; but -
assuming fhe value of B to be constant at its median value. Because |

. B is constant, ‘the Qidth of the prediction interval in Fig; 5.6 is

‘determined solely by the.confjdenoe intervals around the extrapolated
!,'LCéss for thevtnree ljfe stages. Nifhin the.effects 1nterval of 10‘
to 90%, Figs. 5.4 and 5.6 are nearly identical. Thus, within this
range; uncertainty accumdlated in the acute-chronic extrapolation
dominates all other sources.

'5.5.2 Comparison of Extrapolated Concentration-Response Functions
and Prediction Intervals for Different Species

Figures 5.7 and 5.8 show extrapolated concentration- response
‘functions and uncertainty bands for rainbow trout and largemouth bass
» exposed to cadmium For rainbow trout, a single extrapolation was
required, from rainbow trout acute LC

to chronic LC A double .

, ) 50 25°
extrapoiation, including a genos-level taxonomic extrapolation from

_Lepomis spp. to Micropterus spp. and an acute-chronic extrapolation was

necessary for largemouth bass. Despitepthe double extrapolation, the
uncertainty band”for largemouth bass is noticeably narrower than the
‘uncertainty band for rainbow‘trout. The explanatfon for this'result is
the relativeiy high sensitivity of salmonids to cadmium. The ratnbow
-trout acute Lc is near the low end of thn range of LC 505 |
(Appendix A) used in the acute-chranic regression. as 1n a11 l1near
regression models,_preuict!on 1nterva1s‘for extrapo]ated‘chron1c
chss 1ncreased1n width Q1th'1nereasjng disfance from the mean

LC Otherwise, the two sets of bands are qualitatively s1m11ar.

50°




14
10
09
08
07
0.6
05
04

0.3

REDUCTION IN REPRODUCTIVE POTENTIAL

103 ' ORNL-6251

- ORNL—DWG 85-47072

T T 1 T T 1

-6 =5 =4 =3 -2 - o 1

log,o CONCENTRATION (pg/L)

Synthetic concentration-response function and uncertainty band
for the reduction in female reproductive potential of rainbow
trout (Salmo gairdneri) exposed to cadmium. Chronic LCags
were obtained by single-step extrapolation from an acute

LCsg for rainbow trout. :
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" an acute LCgg for bluegill (Lepomis macrochirus).
. . .
g




105 ' : ORNL-6251

For both species, the range of cadmiun exposure concentrotions can
be divided fairly prec1se1y-1nto three segments: a region of no
significant reduction, a reg1on of certain extinction and a region of
1ndeterm1nate reduction The curves defining the upper and lower limits
of the predicted responses sre quite steep. Tne upper limit ot the
predjcted response, for example, falls to near zero at concentrations
only a factor of 2 lower than the lower limit of the'EC10. Similarly,
“the lower 1limit of the predicted_respon;e rises to a 100% reduction |
Qithin on'order ofvmagnitude of tne upper limit of the»EC]b;; Tnese-
1imits provide useful operational definitions for quélitative
1dent1f1cation of low, high, and indeterminate impacts. For example,
based on Fig. 5.8 it might be concluded that a-long-tern average
cadmium exposure concentvation of 0;01 ug/L nould have no impact on a
largemouth bass population, becauﬁe, at that level, the upper l1imit of
the pred1cted response interval is less than 1%. However, no inference
could be made regarding the effect of thic same concentration on
rainbow trnut, because the predicted response interval at 6.01 ué/L
spans the full range'from 0 to 100%.

_ fFor both species, cadmium MATCs correépond to predicted reductions
“in reproductive potential ranging from 10 to 190%, In fact, for all
Figs. 5.4 througn.s.e. the MATC's fall within the range of maximum
uncerta1nty concerning population response. In Fig. 5.3, the HATC
corresponds to a 60 to- 80% reduction 1n female. reproductive potentia]
This result is espec1ally noteworthy because the concentration -response
function and confidence bands plotted in Fig. 5.3 were obtained without

taxonomic or acute-chronic extrapolatton by fitting the logistic model
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to the same data set used to est1mafe the MATC for bropk'tfout.
Although no firﬁ‘conclﬁsions are passible from the limited number of
comparisons-presehted here, the consistent pattern displayed suggests
that it may 1nappropr1afe to 1nterpfet the MATC, either ca}culated.or

extrapolated, as a chronic effécts threshold for fish.
5.6 DISCUSSION

Waller et al. (1971) and wa111§ (1975) broposed the use of
fisheries-derived population model§ for duan;ify%ng the_effects.ﬁf
coﬁtéminant; on poﬁulations; a]though-exp§r1ﬁ;hfat or 0bserv§tiqﬁa1-data-
on model épp]icabi]ity was ngt'provided. .we d§ not propése tha; the
methods described in tﬁis report can be used to directly'gred1ct the’
lpng—terﬁ'résnonse§ 6f fish pdbulat16h§ fo toxic ;ontam1nants. We have
‘notéd‘é]seghere (Bafnthodse et a}; 1nlpre$s) thatvfisheriés scﬁentt;ts
are stfll»ﬁnable to predict the long—tgrm effects of éxplo1tatjon onv.
fisﬁ pdph]étions to,ah"accuracy and bréc1s{on that woqu‘be usgfu]vfor
management deé1siohsf However, we believe 1tlis feas{ble to use
populat1on-1eve]‘aésessment méthods to perform risk assessments in
the same way that these methbds are used by fisﬁerfes managers: as
indicators of stress to be supp!eméntéd by expert judgment} - We consider
three applicétions to be currentiy feasible: (1) identification of
data c911ection priorities, (2) éetting of.Uater quality standards, and
(3) qﬁantitative ;omparison of Cohtaminant-related‘f1sks>tovr1sks
associated with f1§h{ng or other env1rohmenta1 stkesgés. |

We noted in Section 5.5.1 that the‘dom1nant.§ourcg of uncerta1ﬁty

in estimét!ng reductions in female reprbductive'potential (due ;q‘tox1c
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contaminahts) is the uncertainty accumulateo in extrapo]ating f rom

acute LC_.s to chronic LC,.s. This reSult, and the fact that only

50 25
acute data are'aVailaﬁle for most chemicals, suggests the great
importance of obtaining a better ﬁnderstahding‘of relationships betweeﬁ
écute and chronic effects in risk assessmént.' The sensitivity of"
popu]étion—level indices to estimates. of contaminant effeéts'bﬁ adult
fish in iteroparous spécies, noted in Section 5.4, indicates the nee&
to'evé]date the effects of contaminants on ofder fish, at least to the
extent of‘testing the hypothesis that mortality is restficted prfharily
to ear1y 1ife stages. o | ‘ ‘

| Currently, uafér qha11ty cfiteria are derived from MATCs, theA'
gebmetric means of no observed effects and lowest observed éffects
concentrations (NOECs anq LOECs). A NOEC is the highest concentration
used in 5 toxicity test at which no statisfically significant .
(conventiona1 95% coﬁfidence level) difference is observed between
experimental and fdntro] mortality and the LOEC is the next ﬁ1gher
concentrétion in the dilution'serieé.‘ As noted by Gelber»et‘al.
(1985), NOECs have the undesirable property.tﬂat the likelihood of
observing an effect at a given concentration ‘s as much a_function of
experimental desiﬁn as of‘contaminant tox1c%t . In particular, NOECs
are noncqnservativérin that factors resﬁlting in lower test prec1s1bn'
(e.g.,.low number of'organjsms per replicate, low number of repliﬁates.
and high betueen-réplicate variability) tend to increase the observed
NOEC and reduce the level of env1ronmént5] protection afforded by water
criteria QeriVed frém the NOEC. fn Section 5.5.2, it waélshown that

HATCs for rainbow trout and largemouth bass are consistently greater
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than estimated population-level Ec]OS’ even when the 1ogist1c mode}’

is fitted directly to the same concentration—response data used to

derive the MATC. It seems possible, if the results in Section 5.5.2

are confirmed by‘further'research. that an approach to water.qua1ity ‘
criteria based on eoncentration—response»re]ationships would be
superior to one based on MATCs. vIn this connection, it is significant
that; when concentrations are plotted Jogar1thm1cally, all of the
concentrattoné response functions_developed in this sectton_approximate
step functions. When uncertainty,bands are'considered, the plots can
be divideduintolnearly rectangular regions of no expected effeet, htgh_
expected effect; and 1ndeterm1nate‘effect. 1f this'observationiis |

generaily true of concentration—response relationsh1ps for toxic

' chemicals. then the response reg1ons could be used to define ambient

u-water quality crtterﬁa that reflect the degree of sc1ent1f1c

uncertainty concern1ng concentrat*ons hav1ng adverse effects on
populations. ‘ ‘_

Expression of the effects\ot toxic contaminants in the same units
used to assess other torms of mortality permits comparison of the:
effects of cdntaminantsfwtth the'effects of exp]ottation by fishermen.

Many coastal fish stocks, for example, are subject both to intense

' f1sh1n§ pressure and to environmental pollution. Successful management

of these populations depends on determining the re1at1ve importance of
these stresses " The reproductive'potenttat 1ndex used in Section 5 is
similar to 1nd1ces that have been used to compare the entrainment and
1mp1ngement by power plants to the 1mpact of f1sh1ng (Goodyear 19717,

Dew 1981), thus the 1ndex appears. suitable for this purpose
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‘The utility of cdmparing/cdmb1n1ng estimates df effects of
contaminants and §f ekp]oitatibn depéndsvon whethér populations exposed
to toxic contém1nénts respond in a'manﬁer similar to exploited
populations. >$ome evidence exists that these responses are at 1east;'
qualitatively simiiar. In a revieQ'bf.the-effécts of exp]oitatjqn‘on
- fish populaiions, McFadden (1977) concluded that exbloitation typ1ca]Ty‘
causes increased growth and fe;uﬁd1ty and sometimes,causeé decreased
~ maturation time. These responses have the effect of compensating for
the -increased mortality associated with'fishing. thﬁs allowing the
pdpu\ations to persist and sustain exploitation. MacFarlane and
: Fran;in (1978) noted these same changes in a popu]atibn of white

suckers (Catastomus commersoni) in a metal-contaminated lake. Jensen

and Marshall (1983) noted that laboratory bopulat*bng of Daphnia
galeata mendotae exhibit reépcnses to éadmium stress that are
qualitatively similar'to the_responses‘descr1bed by HéFadden. They
pfoposed that effect; of toxic cbntaminants on zooplankton populafions
could be quantified uéing models devel&ped to describé fisheries.

At least for fish populatiohs. populaticn-level risk assessment
models appear to havé several 1mportaﬁt uses. We be11eve tﬁat the
reproductive potential index uﬁed in this repoert is the simplest such
1ndex.tﬁat 1ntegkate§ dafé on effects of toxic contam1nant§ on ail 1ife
stages; hbweVer. it is by no means. the only‘possible {ndex ﬁhat copld
be used. Several authors, notably Gentile et al. (i983) and Danigls
and Allan (1981), ha?e used the intrinsic rate of natural increase (r)
to integrate data on mertality, growth, and reproduction obtained from

chronic toxicity tests for zooplankton. Models of growth could be used
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to assess the effects of.contaminants on'biomass production, where thé
primary effect.of chemicals is réduced growth rather than increased
mortality. A1l of these approaéhes afe'app1icab1e to 1nvertebrate
populations as weli as to fish. The é%tent”to'which thé use of
population-leve} r1§k aséessment models cén'supplement.or supplant

currently used individual-level approaches remafns to be determiﬁed.
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6. ECOSYSTEM LEVEL RISK ASSESSMENT |

R. V. 0'Neill, S. M. Bartell, and R. H. Gardner
6.1 INTRODUCT 1ON

Environmenfal tpxico]ogy is in a period of rapid traﬁsition. The
“need to predict toxic effects in natural ecosystems fis pressiné, yet
our ability to extrapolate from labdraforyAto field is limited by our
1n§b111ty to describe‘méchanisms cbntrollfng.natural systems. Thus,
the science 1$'exper1enc1ng rap1d'evolui10n in laboratory measgrehents
and in methods for extrabolation_to the field. | '_

| _Particu]ar]y.crititai is the need to predict higher-order effects
at concentratiqns well below acute tox1c1fy (LCSO)‘ Synergistic
.éffects résult from biotic-1nteractions. such as competition and
'bredation,.and abioticvconstraints. suth‘as temperéture and 1imited
n@tr1énts, These processes altef the resﬁonée of orgah15m5v1n tﬁe
ecosystem and cause effects ihat would not be anticipated from
 1aboratory measurements of single species.

Dévelopment of a crédible pfedictive ability logically beg1ns with
the extrapolation 6? toxicological daté collecfed in tﬁe iaboratory to
more compiicated systems. O‘Néill et al. (1982) 1ntroducéd ecqsystem'§
:uncerta1ntyvahé]ysis (EVA) as one potent1§1 method for extrapolating
tox1c1ty'data 1n'équat1c systems. The oﬁjecti?e of this section is
(1) to review the ﬁethodo}ogy that has bgen'developed. (2) to 1llustrate
: résults obtained with EUA'usihg'the Standard Water Coiumn.ﬂbdel
(SWACOM), and (3) to briefly discuss tﬁe methodology with fegard to

future modifications and refinements.
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6.2 ECOSYSTEM RISK METHODS

Because most of our work has centered cn SNACOH, it is convenient
to begih by describing this model. This w111»perm1t us to describe the
methods in the context in which they were developed and permit us to

use SWACOM to illustrate methodological details.

6.2.1 Description of the Standard Water Column Model (SWACOM)

SNACOH was modified from an earlier model known as CLEANV(Park
et al. 1974). The model (Fig. 6.1) 1s_de$igned to mimic the pelagic
portions of a lake ecosystem, including ten phytoplankton popﬁlations,
five zooplankton populations, three plankt1§or6us fish, and a top
: c;rnivqré; The populétiéns-within a trophic level are descr1ped by
s{ﬁ§1érveduations but with d1ff§rent paraﬁetéfvvalues. Thus, each
]phyioplankton bbpylaiion is chafacterized»by‘fts’maximum phofbéynthet1c
raie, light-saturation constant.-H1chaelis-nénten constant,-témperature
optimﬁm, and susceptibility tb grazing. (

The abintic driving variables mimic the environment of a horthern
dimictic lake (Fig. 6.2)."The temperature describes an annﬁaI'
sinusoidal curve with lake turnover occurr1hg at 4°C in the spring
and fall. Radiant erergy follows a similar curvé. with 1ight greatly
reduced under ice cover. E;ternal sources adq nutrients each day of
the year. Reminerzlized nutrients are addéd fo the water column f:-ou
the hypo?lmn1oh at spring and fall errturn.’ :
| lPhytoplanktonvgrow in réﬁponse to light, temperature, and ava11ab1e:
nutrients. Se]f—shadjng effects are‘accouhted for by‘1htegrat1ng

photosynthesis over the 10-m deep euphotic zone. Each phytbp\ankton
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Fig. 6.1. A schematic illustration of SWACOM (Standard Water Column Model). Daily levels of

' nutrients, light, and temperzature serve as model input. SWACOM considers the trophic
relationships of 10 phytoplankton, 5 zooplankton, 3 forage fish, and a single
carnivorous fish population (From O'Neill et al. 1982).
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Fig. 6.2. A-fyp1cal simulation of SWACOM showing'seasbnél dynamics of phytoplankton,
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-populétionvhas an optimal temperature at which its photosyn@hetic rate
is m$x1m0m. fotaf fixation of biomass 1sApr1marj]y Timited bQ
availab}evnutr1ents that are exhausted in periods of rapid jrowth.

Grazing and predation are described by a nonlinear 1pteracf10n
functson (béAhgelis'et al. 197%). fhis functioﬁ considers bpth 1imited
food supply and compet1tfon with other grazers. The consumer
_popﬁiaf1oﬁs are limited by their individua) metabolic and mortality
rate§ and by bredation. Both grazing and respifationfrates'are
affected by temperature, with each population characterized by an
qpt1mal temperature. | '

"SWACOM can deséribe a number of higher-order éffects. Effects on
one population can be altered by competition with other popﬁlatiobs'in
the same trophic levél. For examp\e,‘stress on dne phytoplankton
popufat1oﬁ perm1tsvother phytoplankton populat1ons.to'1ncrease,unt11
the Butr1ent pool 11h1ts growth. Effects of a tox1caﬁﬁ on one trophic
level cén precipitate effecfs elsewhere in the system. For exampfe.
increased mortality in the forage f1shes'releases zoop\anktén from
predat . n, which results in 1néreased grazing on phytoplankton.

Effects on all populations are 1nf1ﬁenced by seasonal variations in
11gh£, temperature and available nutrients. Al the;e indirect effects:

are consequences of the dynamic relationships included in SWACOM.

6.2.2 Organizing Toxicity Data

ECosystem uncertainty analysis was derived to extrapolate toxic
chemical effects measured on laboratory populations to likely effects

on ecological production in aquat1c systems. Laboratory test species
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are not tomprehensivevin:tneir representation of 1nhapttants ef'aqdatic ‘
environments Thus, an important aspect of perforning EVA lies in
associating assay species with their ecological equivalents as
expressed in SNACOH ' ‘

The first step in implementing EUA is to select of appropriate
toxicity data and to associate that datavwith spec1f1cfcemponents of
SNACOH. Toxicity data on phytoplankten are sparse. It is possible to

find values for green alqae, such as Selenastrum capricornutum. and

”these data are used. for all ten algal populations 1f no other
information is available. If data are available on diatoms and
bluegreens, then‘a turther»division is possibie based on.pnys1o]ogical
'parameters in the nodel and past experiencevw1th SHACOH Like‘d1atoms.

" species 1 to 3 appear ear)y in the spr1ng and are assoc1ated with low

‘ temperatures and h1gh nutrient concentrations Species 5 to 7 dominate

‘the spr1ng bloom and are assoc1ated-w1th 1ntermed1ate'temperatures and

vlight Specie"a to 10 appear in the summer and are to\erant of high
temperatures and low nutrient concentrations.

' The‘identifieation of zonplankton is more tenuous. Based on mode)
behaeior and physiological parameters, species iz and 13 are 1dent1f1ed
with Cladocerans. The ubiquiteus data for Daphnia magna are used for
spec1es 12. When data are available for Daphnia gglg_. they are used
for species 13. The remaining zooplankters (species 11, 14 and 15. and
species 12 when no data were avajlable fer D. pglg_) are simply
fdentified as crustaceans. Of the avatlab1e data, the smallest LCsy

is assiened to 15 and the largest to 11. 'Speeies t4 (and 13 when

necessary) is ass1gned an 1ntermed1ate value between these extremes.

7
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‘Tblassume species 15 to be the most sensitive is conservative. Since
4an incréase in b]ueg;een algae is pné of our end points, we assign the
greatest_sensiiivity to .the consﬁmer (i.e., 15), which is most abundant
during theisummer of the s1mulatedyyéar. _

' Acﬁte f;x1c1ty dgta for fathead ﬁinnow {Pimephales promelas),

b\uegil]»(Lgpomﬁs macrochirus), and guppy (Poecilia reticulata) are

ass1gnéd to forage fish (species 16, 17.'and 18). When data on these
species are not ayaﬁ]able. others are subsf1tuted, sucﬁ aS'goldf1sh or
mosqu1t0f1sﬁ. The top carnivore or game fish (species 19) is qsually _
.1dent1f1gd as rainboy trout (§glgg qairdneri). .

The genéral paufity of acute toxicity data.can complicate the
assignment of SHACOﬁ populations to assay species. Therefore, it has
been prudent io detefm1ne the sensitivity of risk estimates to
different pattierns ofrassign1ng assay species to model popul;tions

(0'Neill et at. 1983).

6.2.3. General Stress Syndrome’

Typical toxicity data provide information on mortality (or similar
end point) but'prov1de 1ittle insight on the mode of action of the
chemicals. Thus, séme assumptions must be made about how the toxicant
-affects the thsiolog1ca1 processes in SWACOM. In an application that
focuses on a single chemjcal. it ﬁay be possible to obtain detailed
information on modes éf action. However, in general, such 1nforma£10n
is not avaﬂabl_eY and it s necessary to make a single overall .

assumption.
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We assumed that organisms respond to all toxicants in a uniforml
manner, that-is, the General Stress Syndrdme (GSS). For phytop]ankton,
this invotved decreased maximum pho?osynthetic rates (Ps), an 1ncreased
Hichaelis-Henten constant (Xxk), increased susceptibility to grazing
(W), and decreased 1ight_saturation (Si). For zooplankton, forage
fish, and Qame-fish. the‘syndrome'irVOlved increased respiration (R),
~ decreased grazing rates (G), increased susceptibility to predation (W),
. and decreased assimilation (A). '

The 6SS defines the direction of change of each parameter in
SWACOM. It is also nece,sarv to make an assumption about the ‘relative
‘change. in each parameter We have ascumed that all parameters are
changed by the same parcentade. | e

To test the effects of the GSS on estimates of risk, the signs on
the.growth parameters uerefsystematiCaily_yaried. and'EUA wdas performed
for tuo chemicals characterized by very different‘patterns of |
sensitivity among assay species: naphthalene and mercury. The sidns
on the effects parameters for phdtosynthesis and consumption must be
negative or no toxic effects are,possihie. Results of biologically
vreasdnable‘variatidn in the remaining growth parameters showed the 6SS
to be conservative in its estimation of the risk of blue green aida]
production (Table 6.1). Effects syndromes other than the GSS always
produced grrater estimatesvofcrisk to game fish. Hdwever. these
syndromes involved a decrease in optimai temperatures for grpwth in
response to toxicant exposure, for which little experimentai evidence
is 1ikely to be avai]able from current bioassays. If 1nformation

,concerning the physiological mode of chemical action is avaiiable for a
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Table 6.1. Risks of increased algal production and decreased game fish
production in systematic alteration of the General Stress
Syndrome. The optimal temperature for growth (To), prey
preference (W), assimilation efficiency (A), and grazing
rate (G) were either increased (+), decreased (-), or
unchanged (0) in the asscciated estimates of risk for
exposure tc naphthalene (0.0468 mg/L).

Tp | W A G : Algae fncreasei éame fish decrease
0 - - EN ~ 1.6
0 K + + V 0.4 . 0

0 | 0 0 0 | 9 4 4.0
- - - 0.2 S 31.0
1 + + + - 9.4 0

+ ? + - 7.0 0.2
+ ' - + 0 13.2
1 + - - 42.4 1.0
1 - + + d 0

4 - + - 0 0.2
4 - - + 0 14.8
+ - - - 0. 1.6
- + + + 11.2 0

-~ + + - '.14».4 1.8
- + - + 0 30.6
- + - - 31.6 33.8
- - + + 0 | 0

- -+ 0 29.2

3used in the General Stress Syndrome
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specific toxicant, the GSS may be appropeiate]y modtfied. For example,
chemicals with a narcotizing effect could be represented by decreasing

respiration in the GSS. Similarly, photosynthetic enhéncer;lor

- inhibitors cah be more exp11c1t1y depicted.  The development’of

alternative stress syndromes is limited only by the basic bioenergetic
formulation of the growth equations in SwACOH

In the absence of information that details the mode of action,

the GSS appears as a conservative choice in the application of EUA for

evéiuating the likely effect§ of potentiaily toxic chemicals.

6.2.4 Microcosm Simulations

The key to ehang1ng parameters in the model is simulation of the
experiments used to generate toxicity data. This involved sfmulating

the predbction dynamicé’of each species in isolation, as it might occur

.in a laboratory'under ideal constant conditions. .The'barameters of

that species were then altered to duplicate the end point used in the

original experiment. Thus, for an LC50 of 96 h, we would find the

~percentage change that halved the population in 4 d.

At the conclusion of the HICROCOSM,s1mu1at10ns, we have the
percentage change in the parameters that matches the experimental end

point; that is, we can match the response of the population to the

50 and ECSO. We must

now make an additional assumption to arrive at the Tevel of response to

be expected for:otheh.concentrations that 11e4be19w the LC,, or

ECSO' We assumed a linear ccncentration-resbonse relationship.

Thus, an environmenta) concentration one-fifth of the LCsq would
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cause ¢ 10% reduction in the popu]atipn over the ;ame time interval as
‘the original test. HICROEOSM simu1ations_are then repeated with this
new end point to arrive at the percentage change in the parameter
~resulting in a 10% redhﬁtibn. The linear assumption can be removed if
a concentkation-respdnse curve is'gvailable for the toxicant.' Because
most cohcentration-?espongé curves aré}contéve, our as;umbtion should
result in choosing a levél of effect larger than would actually result
if the test were ﬁonducted_at that concentration. Therefore, thé
linear assumption .is Eonservative. In addition.‘EUA eﬁphasﬁzes the
implicationé of interacting ecosystem components: on modeling thé
respdnse'of the system to toxicant exposure. It is not the intent to

model concentration-response relationships for individual organisms.
6.3 UNCERTAINTIES ASSOCIATED WITH EXTRAPOLATION

To implement EUA, it'1s necessary to know not only the percentage
change in parameters but also the uncertainty to be associated Qith
this change; Monte Carlo simulation (Sect. 6.5) 15 used to translate
uncértainties regarding individual parameters into uncertaihty regarding
" system responsés.' We have assuhed’that all parameter changes have an
associated uncertainfy Qf blus'or minus 100%. This assumptién seemed
"sufficiently conservative. In a-specific assessment, one might w1:h‘to
adopt a more complex strategy that wquld combine greater information on
modes of action with statistical extrapplation procedures (Sect. 4) or
‘a survey of experienéed researchers fo arrive at'mofe spec{fic esfimates

of uncertainty.
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Because of the relatively large uncertainties, the possibility.
exists that risks are due to the uncertainties rather than the actual
effect qf the chemicals. In such a case, the risk is due to our
ignorance of the system rather than the poteutial toxic effect of the
chemicals. |

To test for the effect of large uncertainties, we analyzed the
deterministic response of the model to several toxic substances. The
deferministjc responsé assumes anuncertainties in the parameters.
Thjglresponse is épproximate]y the average response of the system to
that 1evgl of toxicant. The response can be expressed as the percentage
change in the mean population relative to the fﬁo toxicant" case. If
the percentage change is close to zero,lthen the risk can be attributed
to uncertainty alone. rIf the mean_popu1ations are significantly
chénged. the risks are attribufed to toxic effect plus uncertainty.

 Analysis of the determ{n1§t1c solution for nine chemicals
associated with the production 6f synthetic fuels from direct
(Table 3.3.2 in Suter et al. 1984) and indirect (Table 3.3.2 in
Barnthouse et al. 1985) coal liquefaction indicates that the toxicity
of mercury, cadmium, nickel, ammonja.fnaphthalene. and phenol-
contributes significantly to estimates of_risk. Risks posed by
arsenic and lead result more from uncertainties in extirapolation in

these particular applications.'
6.4 RESULTS OF ECOSYSTEM RISK ASSESSMENTS

Having described the methods to be used in setting up EUA, we

will now present four example applications. Our primary purpose is to
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demonstrate the utility of the method in routine assessments. However,
we will alsc make it a point to show how the results of EUA differ fromv

‘population-oriented assessments.

6.4.1 Risk Assessment for Direct and Indirect Liquefaction-.

The:results of risk assesshents for real liquéfaction'technologies
are shown in Fig. 6.3 (Suter et al. 1984). Two end pofnts were. |
_consideredi A quadrupling of the peak bioméﬁs of noxious bluegkéen.

. algae and a 25% decrease 1in gam; fi;ﬁ biomass. These end_po1nfs were
chosen as indicative éf minimal.effects that could be noticed in the
field. R1sk values i.e., proba$111ties of ‘exceeding the above end

“points, were‘talculafed across a range of environmental concentrations.
The range of exposures for each technology is shown at the bottom of
the figure.

'Results'fof nqphthalene are shown in Fig. 6.3. There 1s_an .
upturn fn the risk curves, showing significant risks ét the h1ghef
concentrations reached by at least one of the technologies. The
-increased risk to game fish populations seems'intujtively reasﬁnable.
However, the increasing risk of a bluegreen algal bloom with increasing
concentration is §00nter1ntuft1vé. This.1s an example of the ind1rect.'
effects that EUA is capable of shoving. Even though each of the
chemicals 1§ toxic to the}algae, the reduction in sensitive grazin§
organisms more than compensatés for the direct effect on phytoplankton. -

fcosystem uncertainty analysis can be used to compare risks
estimated for different classes of chemicals for different direct

Yiquefaction techhologies (Fig. 6.4). Here the four technologies all




100

SK

» 107!

R

1072

Fig. 6.3.

€5

ORNL-DWG 83-16214

= — T — T |

— -
—  NAPHTHALENE a
=
B H/G H/B
—— e R |
i | o . §H/g §n/§ i
T [E/G . _E/B. SIG )
L1 1 |
1070 104 103 1072

CONCENTRATION (mg L)

Risk estimates for naphthalene over a range of environmental concentrations. The 5th
percentile, mean, and 95th percentile concentrations associated with four direct coal
liquefaction technologies are shown at the bottom of the graph. The notations /B and
/G refer to two alternative wastewater treatment options. The plotted values are the
probability of a fourfold increase in algal biomass and a 25X reduction in game fish

biomass (From Suter et al. 1984). '

1529-IN¥0

921




: o ORNL-DWG 83-12712
EXXON ' ) H COAL :

_ — T " 1 T :
100806 0402 0 02040608 10100806 0402 O 0204 06 08 10~

SRC 1 o SRC II

_ | 1T 1 [. L o ] ;7T T 1
1008060402 002040608 101008060402 0 0202 06 08 10

Fig. 6.4. Comparison of risks among direct coal liquefaction technologies. Risks at the 95th
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of nine contaminant categories (5 = ammonia, 12 = benzene, 14 = mono- and diaromatic
hydrocarbons, 21 = phenols, 31 = arsenic, 32 = cadmium, 33 = nickel, 34 = mercury,
and 3% = lead; from Suter et al. 1983). . - '
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show considerable risks of increased algal production for cheh?ca]
.class 5 (ammonia). The Exxon and H coal processes also suggest similar
risks associated with class 34 (cadmium). Other similarities and
differences aﬁong the technologies are re#di]y apparent froh’these
preséntations. Risks posed by chemical classes 5 and 34 are also

notab\e‘tor‘indirect liquefactor technologies (Fig. 6.5).

6.4.2 Risk Assessment of Chloroparaffins

SWACOM has also béen applied. (Bartell 1984) in an assessment of

risk for chicroparaffins (CPs).'.}n this case, the risk of increased
ialgal production is 14 to 33% at concentrations of 0.000 mg/L. These
risks increase at intermediate gxpoSure concentrations and then decrease
to neér zero at ;heihighest conceﬁtrations tested. |

The risk of ﬁecreased pro&uct1on_of zooplanktoh.'forage fish, énq
game f1sh‘1néreaée'monbtonicai]yAwith exposdre concentfations..'At_the
highest test»cdncedtrat1dns, thé»11ke11hood'of.a 50% decrease 1in forage
fish and game fish gpproaches 1.0. The highest estimates of risk-to
game fish result at exposuré‘toncenfrations that 1ie at the upper range
.bf exbected ambient concentrations (Zapotsky et al. 1981).

.Risks of decreased game f1sh biomass appear to result'from the
combined direct toxic effects and fhe effects of decreases in
zooplankton and ?orage‘fish biomass at intermediate chloroparaffin
con;entrations; | - |

The relative‘1mportance of'd1rectvand 1nd1rect effects on the

responses of each trophic level to chloroparaffins was analyzed. The
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results indicated that indirect effects contribute more to risk that do

direct effects on individual growth processes within trophic levels.

At exposure concentrations that approach the highect measured

concentrations of CPs, the risk of a 100% increase in bluégreen algae
A %

;

blooms ranges from 70 to 76%. At this concentration, the risks of a

,/1

50% decrease in forage fish or game fish might reasonably be expected.

6.4.3 Patterns of Toxicological Effects in SWACOM

In another study (0'Neill et al. 1983), SWACOM was used to
investﬁga;e_how different aggregations of ecosystem .omponents might
alter conclusioné drawn from laboratory data. We cpmpiled data for
cadm1um. as shown‘1n‘Tab1e 6.2. The distribution ofvsens1t1v1t1es‘1n

-the first column of Table 6.2 will be referred to as the standard or
-popufation‘ pattern. | ‘

The first step was to rgmové the differences in sensitivity among'
populations in the same ;rophic 1evel; The standard approach would be
to take the geometr*c means of Lcsos;'however. the data represent a

vér1ety of test durations and end points (e.g., EC_.,S and EC

50 20%)-
To correct for differences 16 test conditions, we assumed a simple
mdrtality process described by x{t) = x(0) exp{-dt), where x(0) is
‘the initial population size, x(t) is the size at time t, and d is
the mortality rate. We. assume tﬁat hortal1ty s a function of

concentration}.d = aC. We know the fraction, F. = x(t)/x(0), that

1
survives at one concentration, C]. measured over one time period,
t]. Since In F](C]§]‘= -a = 1nF2/C2t2, we can then

“estimate the concentration; CZ.’that would result in a different
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Table 6.2. Toxicological data used in examination of patterns of effects for

cadmium : .
LC50/EC50, ng/L
: " Population Trophic
Model populations pattern . pattern No pattern

Phytoplankton 1-3 0.16 0.050 0.025
o 4.7 0.06 0.050 - 0.025
8-10 0.06 "~ 0.050 0.025
Zooplankton 11 0.50 -0.057 0.025
' 12 '0.0099 0.057 0.025
13 0.14 0.057 0.025
14 0.25 0.057 0.025
15 0.0035 0.057 0.025
Forage f{ish 16 0.63 1.2 0.025.
' 17 1.9 ' 1.2 0.025
_ 18 1.6 1.2 0.025
Game fish 19 0.002 - 0.002 0.025
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fraction, P, measnred over a different t1he period, t By simple

2
rearrangement we find

2

Co = (Cyty InFp)/(ty InFy) . : : (6.1)

Us1ng £q. 6.1 we arr1ved at a single LC50 for each‘troph1C-
level. The distribution of senstt1v1t1es shown in the second cplumn of.
Table 6.2 u111 be referred to as the "trophic" pattern. In addition,
we applied this approach. once again to equate the trophic va]ue and

arrived at a single LC that removes even the trophic pattern. This

50
;value is shown in the last column of Table 6 2 and w111 be referred to
‘as"no-pattern.', By beginn1ng with the no-pattern case, we_can
progressively add elements of tox1c pattern into the simulations. In
~this uay. ‘we can analyze for ‘the effect of the pattern of d1fferent1a1
sen51t1v1t1es ' ' \ '
Comparing the trophic with the no- pattern case, the upper half of
Table 6. 3 shows the per:ent difference 1n annual b1omass of each
troghic level. The resu}ts indicate the kind of 1nd1rect effect that
one could reasonably expect to find in the ecosystem._ The game’fish is
morebsensitive than the:no—pattern Lcso'would indicate. vThe other
trophic'le&els~are relatively 1nsens1t1ve. Therefore. the toxicant
reduces game fish popnlat1on ane has relative]y,leas direct effect on
other‘organ1sms. Because game fish are reduced, the forage fish
experience less’predatien and show an jncrease;: Because there are more
forage fish, there are.feuer zobplankton; Because there is less.

grazing, the phytoplankton increase.




133 ' o ORNL~-€251

Tablé 5.3. Comparisons of responses to different patterns of
. sensitivity to cadmium ' '

Tfophjc vs no pattern Percent difference
Phytoplankton: A o : T o190
Zooplankton -19.

Forage fish 25.

Game fish ' - =33,

Populat1on'vs trophic pattern

Phytoplankton
Zooplankton
forage fish
Game fish

]
&> oo0n =
COO0OO
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The next step is to cohpare the trophic ﬁatterh with the full
population pattern of toxic sénsit{vities. .The percent-difference
between trophic and'population‘respdnse is shown in the 16we( portibn
of Table 6;3. The a?erage‘phytop1ankton population is larger, and.the
coﬁsumer t}ophic levels are always smallef when population-specific
pattérns of,to¥1c sensftivity are 1§nored.- Thus. the 1ntera;tions that
occur among differentially séngitiv;vpopulations within a trophic level
.can affect the wéy the system responds’to chém?ca] stress.

| B1otic'ihféractibns are 1mportanf determinants,of“how the”
ecosystem will respondAto sfress. Thg resuits emphasize thati
pfedator—prey‘and cohpetft1ve interéctions are 1mbortant determinénts
. of sys#em response to‘toxicants. Ignoring the way gcosystém processes

1nteréct»u1th toxic stress can bias estimates of environmenta) risk.

A6.4.4 Using SWACOM to Extfapélate Bioassays

An alternative fo.stahdqrd algaT bioassay methods measures .
short-term efféct$ on physiological p}ocesses. 'Photosynthesis Ean be
measured s1hp1y and precisely and is more‘sensitive to low
concentrat1ons-of somé'toxitants thqﬁ population growth. In the study
described here (Giddings ei a\l 1983), photosynfhétic inhibition in
algae was extrapolated to the ecosystem 1éve1.using SWACOM to
1l1ﬁstrate the poténtial risk of phgtosynthetic 1nﬁ1b1tion fqr.the v
ecoéyatem as a yhble. We cbns1déred:a.tox1c impact of 7-d dﬁration,

-introduced at variduﬁ'fimes dur%ng the yeai. On each déte, we
simulated a toxicanf thét.cdused'é 50% reduction in the maximum |

photosynthetic rate and a 10X mortality on all consumer populations.
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Mortality alone had little‘effect'on the simulated'pelegic
ecosystem. When 50% 1nh1b1tion was 1nc1uded in the deterministic
solution of the model the effects were much more pronounced with
average changes approaching 25% if the stress began in day 170.
Thus, the model 1nd1cates that even a temporary inhibition of
photosynthesis can have an 1mportant effect on other populations
in the ecosystem. The exercise_demonstrates that the
interdependence of‘popuiationseinfan ecosystem makes 1f'possib1e .
for even temporary inhibition of elgal pootosynihesis to have_a
measurable impact on other organisms, particolarly if the other .
organisms are also experiencing tox1c effects.

Another implication of the ecosystem s1molatoon is that the

net effects of releasing a toxicant into the whole ecosystem

depend -on the state‘of the ecosystem at the time of release. The
authors also infer that the effects on a population are, to a
1arge extent, ‘functions of the ecosystem of wh1ch the populations
are a part. A single toxicological response may have a var1ety
of expressions, debend1ng on theﬂecosystem coentext. For example,
the death of a fraction of a populatﬁon may be inconsequential if
tﬁe growth of the population is iimited bv intraspecific
compet1t1on; reduced coMpet1t1on may compensate for the
additiooal mortality, éonversely, a slight toxic effect may lead
to complete'el1m1hation of-fhe population by‘increas1ng_1ts
vulnerabil1ty to predators or reducing.1ts ab1lfty to eompete

with other populations.
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6.5 MONTE CARLO METHODS AND ANALYSIS

The essential feature of the ecosystem approach to risk analysis
is to use models such as SWACOM to extrapoléte information 6n'tox§§
substances to the ecosystem 1eve1.b There are many numerical techniques
available to quantify the effect of uncertainties associated with Such
extrapolations (Rosg and Swartzman 1991).- Monte Carlo methods aré'
particularly useful because they are'easzy implemented, and'fhey k
brovide.the necessafy'1nformat16n to estimate confidence intervals
(Gardnér et al. 1983).

Honté_Carlo methods involve the 1terat1ve'$e]ettion of'rand@ﬁ

values for mode] parameters from specified frequency djstr1buf10ﬁs,

simulation'of the model for each set of parameters, and anaiysis of the

: COmbined set of inputs and outputs (McGrath et al. 1975, Rubinstein

1981). Sy;tematic sampling methods are more efficient than simple
random sampling. We use'quasi-orthogohalvstrat1f1ed réndoﬁ sampling
methods (referred to as Latin Hypercube sampling) because (i) the

estimates of output parameters (e.g., mean, median, and mode) are more

‘ ﬁrec1se (see McKay et al. 1979), (2) lew rates of spurious relationships

between fdndomly generated values are énsured'(lman aﬁd Conéver 1982),
and (3) computer codes exist for genefating values from a variety of :
distributtions.

'He have implemented a program, Pﬁlsni(Gardner-et al. 1961),
especially written to perforﬁ Hopte Carlo simulat16ns for thé
estimation of risk indices. The program requires a FORTRAN subroutine
of the model and an input file Yisting modél parameters andfthefrv

frequency distributions (e.gq., nonhal.'un1form, 16gnormal. etc.).
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Multiple regression analysis of "the Monte Carlo results provides
an analysis of how the index is5 affected by assumptions required in

' extrapolating from laboratory té?the ecbsystem level (waning et al.

1985). The contribution of dch parameter to the regression sum of
e i . . Y
th
:%

4
particular parameter) d1v1ded'by the total sum of squares and

squares (i.e., thevéhount ofliithe variébi]ity of y exp]ained‘by a
multiplied by 100 forms an index, U, representing the percent
variability of the model predicticn explained by eaéh parameter. The
values of U range from 0.0 to 1.0, thu§Ia11ow1ng a comparison b;tween

' parameters. The adequacy of each index can be defermined by cdmpar1son
and by inspection of the R2 statistic.

The classical seﬁsitfvity fndex, S (Tbmov1c 1963) analytically
examines the relationships between mode) predictions;ana modei
parameters. This approach is limited by the'diff1cu1ty of obtaining
- an analytical solution.for many modgls,and by 1ts assumption of small
instantaneous changes (Gardner et al. 1981). These difficulties have
resulted in tne prolﬁferat1on of numerical and statistical épproaches
to uncertainty analysis (Hoffman and Gardner 19835,

If'a single parameter 15»random]y:Var1ed from a prespecified
brobab111ty diﬁtrjbution, then thé‘s1ope of the regression of the mode)
prediction on the parametér'is the least-éqUares estimate of S if fhe
parameter perturbations are very sha11 (Gardner et al. 1981). If
several pérgmeters are s1multadeous1y and 1ndepen¢ent1y varied, then a
multiple regress%oh on ;11 the parametérs simuitaneously e§t1mates all
the sensitivities. The adequacy of this method of estimating linear

relatiorships between modelrpreditt1ons and péfameters can be evaluated
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' by inspection of Rz. the ratio of regression sum of squares to total
 sum of squares. If Rz'is neariy 1.0, then Tinear methods are

':edequate to describe the relationship between parameters and

Predictions. The divergency of R2 from 1.0 indicates that nonlinear
effect§ and 1nteractions betueen parameters are 1mbortante

Any analysis that reiates the importance of anhinpui to a
prediction without first removing the effects of the variability of

other inputs (e.g., simp]e regression or correlations) is no* very

'useful . Partial sum of squares (Draper and Smith 1966) determined.

by regress%on techniques are particularly useful because they
quantitatively express relationsh1ps between each model‘input and
output, with the effects of the”var1ab111§y of the remaining inputs
statistically removed.

. The‘part1a1‘sum of squares (PSS) represeﬁts the uh1que effect of
each input on each pred1e;1oniafter‘correction of the total sum ef
squares'because of the variabil1ty in all ehe other input variables.
The PSS_has the property that (1) the est1mafed effect does ﬁot fnyolve
other model inputs, (2)-the'est1mates are 1nver1ant to,the‘orderjng of
the calculation, and (3) the sums of_squares calculated in this way do
not udd up to the iotal regress1on sum of:squeres. dnless the inputs
are orthogonal to each ether. | | B

if there are a large number of inputs, 1; is nathral to ask if

these could be replaced by & smaller number of inputs or some linear

function of them, with a m1n1mq} loss of fnformat1on 1n'exp)a1n1ng the

output. jhis problem was first investigated by Rao (1964) and termed

principal components of fnstrumental variables.
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Principal components of 1ns{rdmen;al variab1es reduce to multiple

regression in the case where there is only one main variable to

predict. .Tﬁe coéfficients of the muitip1e regression equation, when
the vqkiab]eé aré'standard1zed; can be Tooked upon as importance
coefficients, indicating which ‘nput variables are most 1ﬁportant in
influencing the Gutput. -Principai components are thus an extension of

the multiple regression‘techniques when more than one output is

. examined sfmultéﬁeous]y. The coefficients of the eiggnvectdr indicate

" which input variables are most important, and the size of the eigenvalue

détermines~hdw important that eigenvector is in explaining the variation

‘'we observe in the outputs.

6.6 DISCUSSION

The physiological process formulation of the grouth equations 1in

‘SNACOM‘provides the framework for extrépolat1on of acute toxicity data

to estimates of likely effects of chemicals in aquatic ecosystems.

- Translation of mortality measurements to reductions in biomass

production through the use of the General sStress Syndrome permits
investigation of the implications of sublethal chemical effects on

population dynam{cs calculated in an ecosystem context. The role of

competitive and predator-prey 1nteractions in mitigating or amplifying

chemical effects can be examined thrbdgh EUA (O'Neil) et al. 1982,
1983). Stat1st1ca1 analyses of simulations used to e;timaté_risk.can
1dent{fy the Ee\at1ve.1mpoftan§e of &Ireét vs indirect chemical effects
as componénts of risk. - Application of the methods to date encourage

further evaluation and refinement of EUA.
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Several areas for improvemept‘1n EUA are evﬁdent,from-our
results. A more comprehensive}collettiop of acute tox1c1ty data could
aid in the refinement of risk estimatfoo. An examination of the
relative contrﬂoutions to risk 1dept1f1es phys1o1egtca} proresses
that determine risk in speeific appljcations. Risk estjmates'cou1d
beirefined if bioassay‘protoco1s were modified to measure effects on
phystolog1ca1 proeesses. For example.vmodification of acute assays for
Daphnia, tatheaq minnows. or bluegiils to measure changes in oxygen

consumption during the course of the assay would provide direct data to

test the GSS and estimate correspcpdjng effects parameters for SWACOM.

The accuracy of risks estimated with EUA is a function of the

appiicability of SWACOM or other,mode1s to the systems'of interest.

- SNACOM was designed to mimic the behavior of a northern dtmictic lake.

As the particular system of 1nterest departs in its characteristics
from those of a 1ake. SHACOM becomes less appropriate for r1sk
estimation. In the case of chloroparaff1ns (CPs), Tow estimates of

risk might underestimate the potential hazard of these chem1cals.

The propensity of CPs to accumulate in sediments might pose potential.

effects to benth1c populations. SWACOM does not directly .consider _
benthic populations or sediments. Again, SWACOM can be replaced with a
more site-cpecific model to further refine estimates of risk. Even

though absolute magnitudes of risk might be in error when the system of

 1{nterest deviates substant1ally from a dimictic 1ake. SHACOM might

st111 be used to compare re]ative r1sks for several d1fferent chemicals.
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In EUA; risk is a fUnttiﬁh'of bath toxicity and the uncertainty in
egtrapqlation from bioassay to natural systems. In the cases we have
examined, the toxic effe;t‘haskbeen more important than the uncertainty
associated wifh the effects parameters (Bartell 1984). Nevertheless,
the analyses would be considerably. improved if more information were
available on the field effects of tbiicants. .FUture.emphasis should
focus on fedhcﬁng the uncertainties associated with extrapo]at16n 50
that at?ention can focus on the risks involved in ecosystem effe:ts dué

directly to the toxicants.
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7. GENERAL DISCUSSION

L. W. Barnthouse and G. W. Scter II

Combining{engSUre ane effects estimates and interpreting the
~ "results requires ccnsiderable judgment on the'part of the analyst.

Among the key issues are matching spatiotemporal scales of exposure

and effects models, interpreting uncertainties, and identifying
'significani'_riské. We cannot provide expiicit procedures for |
addressing the;é fasues beéause they will vafy with éach app11cat10n}

A discussion of how issues were addressed in the synfuels risk '
assessments should, however, provide some useful guidance. In.édd1tion
to'd1scuss1ng‘the application of our approach in technology assessment,
this section presents our views on (1) other potential applications to
regulatory and resource minagement problems, and (2) critical research

needs for the‘future development -of ecological risk assessment.
© 7.1 SPATIOTEMPORAL SCALE IN THE INTEGRATION OF EXPOSURE AND EFFECTS

Superficialiy, jntegrat1ng exposure and effects models appears to
be a §1mpWe matter of estimating an environmental) concentration and then
comparing it with a toxicological benchmark or a concentration-response
curve. However, the risk assessment may be meaningless if the
spatiotemporal_scéle of the expﬁsure assessment is improperly matched
to the scale of the ecological effects of interest (and vice versa).
| Both short-term énd long-term exposure assessments were uSed in
synfuels risk assessments to address, respectively, acute effects and
chronic effects of contaminant releases. A stochastic surface water.

fate model (Sect. 2) was used to estimate frequency distributions of
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contaminant concentrations as functions of daily variability in
important hydrological parameters. ‘TdAas;ess risks of acuté mortality

during high-concentration episodes, 96-h LC_.s (both measured

50

andvextrapo1ated) were comhared with 95th péf;ent11é contaminant

concentrations (1.e..'concentrations expected.fo be exceeded on 5% of

days). To assess risks of chronic tox1c1fy, MATCs and ecosystem risk -

functions were'compéred to.seasonal average contam{nant concentrations.

In a site-specific assessment, seasonal d11ut10n_901umes could be

" matched to chronic benchmarks for thg species and life stages préseht

at the site. - | |
Spat1a1 scaling was nat a siéﬁif*cant problem 1n-tﬁe synfuels risk

‘assessments we performed. In the absence of detailed 1nforﬁati6n on

the spatiai d1str1but1on‘of vulnefabie reéources..1t'uas appropriafe to

u;e spatially homogeneous exposhre'and‘effecté models. In site-specific

risk‘aﬁsessmehts; howeQer;'spatial-5cales:of bothfexposure est1matés

. (deposition rates, surface concentrations) and effecis ﬁeasufes»(anbgr

or fracfion of organisms affected. reductibn in system productivity) |

must match the spatfai resolution of distributional data for the

exposed organisms. For'reasoﬁs of scale, the models used in the

synfuel§ risk assessment projecf may not be appfbpr1ate for

site#spe£1f1c‘assessments.
7.2 INTERPRETING UNCERTAINTY

As noted in Section 1, a major objective of risk assessment is to
~ identify and quantify the unterta1ht1es involved in extrapolating from

experimental data on the environmental chemistry and toxicology of




147 . ' ORNL-6251

 contam1nants to expected fate and eéfectg in thé f1e1d.. Qe could nbt
quantify all of these uncertainties. In risk assessment, theré must
a]ways_be a frade—off between uncertaint1e§ tha£ are e;ﬁ]ﬁcit]y mode]ed
and»un;ertaintjesvthat are consigned to experf judgment: At Qne'
“extreme, it is:pbssible to base assessment§ on simble foxicity
quotients and safety factors without explicit treatment of uncertainty
(Secti 3). Although feaéible. ih1s approach pfovides né information
about either tpe_reliabi]ity‘of the assessmentnor the féa§1b111ty of
vﬁmproving it through fesearth. At the other extremé, one can imagine
developing an exp11;1t model of all the physicochemical;'physio]ogica],
“and ecological processes that determine the fate and effects of a
chemicaj and then,ass{gnﬁng parameter‘distributions to éach. .He have
arqued elsewhefe'(Barnthouse &t al, 1984, Suter’et'ai.'fQBS. Barnthouse -
et al. in press) that‘current sc1eni1f1c understand1ng of‘natural
populationS»ahd ecosystems 1s'1nsuff1c1ent fo support §u§h an
approach. In the synfuels risk asse;sment project, we a;tempted to
1dent1fy the major classes of uncertainties involved 1n'ecqlog1ca] risk
assessment and to develop methods of addressing them without e;ce§d1ng
the 1imits of feasibility or scientific credibility.

We distinguish three 4wal1fat1velyid1st1nct sources of uncerta{nty
in gcological risk assessment: i{nherent var1ab111ty,}par$meter
uncertainty, and model error. It is important to d15t1ﬁguish between
these three»sources. because theQ differ with respect td (1) feasibility

_of quaﬁt1f1cat1on and (2) degree of'ﬁoss1b1e reduction’through'reseérch

or'environmental mon1t0r1ng;
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7.2.7 Inherent Variability

Limits on the precision with which variab]e.properties of the
environment can be quantified 1imit the precis1bn'w1th‘wh1ch it is
possible to predict the ecological effects'of stresi.. Tﬁe‘cbncentratidn
of a contaminant in aif:or water varies unpredictably Sn'space and time
because of,ésséntially unpredictadle variation i méteoro]ogicél
parameters such as precipitation and wind direction. The spatiotemporal
distkibut1ons and sensitivities to streés of organisms‘1n néture are
§1m11arly varfable; This vaf1ab111ty can be quantified for many.'
characteristics of tiie physical environment that influence the
environmental fate of contaminants. For the synfue]s,r1sk’assessment :
project, long-term hydrblo§1cal'records were ﬁsed‘to estimate'freduéncy:
d1$tr1but16n§ of contaminant concentrations in rivers (Sect. 2) as |
functions of.da1jy,§ar{ab111ty in stream»diﬁchargé,vSédimént 16ad,'ﬁ
and temperafure. | - |

Variable biolbg1cal éspects of the environment are mofe diff{cult

to quantify. Little 1s typicélly known, for'éxample. about the

~varjability of sensitivities among 1nd1v1duaTs 1n'natural popu]a;ions.

andrlong-term records of variations in the>abuhdance and distribution

- of organisms are uncommon. We did not quantify biological vartability

amohg individual ofgahisﬁs for the syntuels risk assessment project.

7.2.2 Parameter Uncertainty

Errors in parameter estimates introdyce dddit1onalfuncerta1nt{é§
into éco1og1cal risk estimates. Parameter values of interest may have

to be estimated from structure-activity relatfonships (e.g..’Kehaga and
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Goring 1980, Veith et al. 1984) or from taxoﬁomic correlations (e.gqg.,
Suter et al. 1983,1Ca1abrese 1984). Even direct laboratory méasurements
are subject to érrq;s (e.g., confidence limits on LCSOS and variation
between replicéte tests), although these are often unreported. Major
efforts in the'synfue1s'risk assessment project were devoted to
quant1fy1ng uncertainties fromvthis source. The methods described in
Sections 4 and 5, for exémple, were specﬁfica*]y developed to quantify

unceftainty'due to (1) variations in sensitivity between taxonomic

groups of organ1$m5’énd (2) the var15b1e relationship between acute and

chronic toxicity. The ecosystem uncertafnty ahalys1s described in -

Section 6 was designed to translate un;ertaintﬁes concerning effects of

-contaminants on individual species into uncertainties regafding

ultimate ecological effects.
Unlike inherent vartability, uncertainties due to parameter error
can be reduced by increasing the precision of meashrements or by

replacing ektrapo1ated parameter estimates with direct measurements.

Comparisons ‘of the relative contributions of different uncertainties to

overall risk ést1mates provide gujdance as to Qh1ch'parameters should
be refinéd. The ana]yses described in Sections 4 and 5 show, for
exampie, that dncerta1hty accumulated in predicting chronic effects of
contaminants from acute LCSOS is far more 1ﬁportant'than is
uncertaihty-re§u1t1ng from interspecies extrapolation of acute LCSOS‘
7.2.3 Mode]l Efror.

- Model errors cqnstitute the least tractable source of uncertainty

in r1§k asséssment.‘ Major types of model efrors that have been
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jdentified 1ncludé (1) using a small number of variables to represeot a

large number of complex phenomena (termed aggregation error),

- (2) chooslng 1ncorrect functional fcrms for interactions among

variables, ano (3) setting inappropriate boundarles for the components
of the world to be included in the model. The most serious problem
associated with model error is that these errors frequently involve
systematic biases whose magnitudes and directions may‘be'dlffﬁcult to
determine. One mlght naively think thatlthe solution to model error is
to dlsaogregate variables and increase the boundaries of the system
ontll errors are eliminated. Hoyever; as has been noted by 0'Neill
(1973), there i1s a trade-off oetween.model error and parameter erroc
such'tﬁat. the@more vofiables and processes represonted in a model, the
greater the cost of data aoo1sltion and the‘greater the opportunlty for

parameter error. For any model, a point is reached where adding

additional variables and'pafameters reduces, rather thén'lhcreases.

the accuracy of model predictions. .

Although mode! ecrors_can never be completely eliminated, they can
be bounded and reduced. The most straightforward method is to test the
mode) against 1nqépendenc field data. However, the data necessary to.
perform such tests are difficult to collect and, when collected. are
difficult to 1nterprei. No matter how well a model performs for one
set of environmental cond1t1ons.-1t is nevec posslble to predict with
certainty 1ts applicability to a.new set of conditions.

Empirical testing, although crucial 1n the long run for 1mprov1ng
the models used in rlsk assessment (Mankin et al. 1975, National

Research Council l981), s unsuitable as a routine method of assessing
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"model errors. ‘However, it s still possible to evaluate model

4

assumptions by comparing of different models (Gardner et al. l980)

By comparing models that use different sets of assumptions, ic is
possible to assess how assumptions alter model output This was the
principal rationale for developing both statistical (Sects. 4 and 5)
and ecological process (Sect. 6) models for the synfuels risk
assessment projecti Althouqh this procedure does not ensure that model
results will correspond_to effects in the field. it can be used to
distinguish betueen:predictions that are robust to model assumptions
and predictions that are highly sensitive to assumptions. and therefore

susceptible to serious model errors (Levins 1966 Gardner et al.

T

&

198C). The strategy of comparing different risk models was used to
identify potentially hazardous contaminants in the environmental risk
assessments for indirect (Barnthouse et al. 1985a) and direct (Suter et

al. 1984) coal liquefaction (see Sect. 7.3).
7.3 INTERPRETING ECOLOGICAL SIGNIFICANCE

The question of hou large an ecological impact is significant has
statistical, ecological. and societal components (Beanlands and
Duinker l983). In the synfuels risk assessment project, we considered
statistical and societal components. respectively, by usirg

probabilistic risk models and by defining end points in tenns of

_soctetally valued environmental attributes. No generally applicable

definition of'ecological significance has ever been formulated

{Beanland<e ang Duinker 1983); therefore, definitions must be developed
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in thevconfext of particular assessment objectives. We developed
operational definitions of ecological significance based on the
primary objective of the project, that is, the identification of

synfuels-related contaminant classes having thes greatest potential for

" adverse ecological effects. Our strategy for assessing significance

invoived (1) defining, for each effects method used, a cr1ter1oﬁ below

which risks would be considered 1nsign1f1cant,.(2) counting, for each

contaminant class studied, the number ¢f methods by which it was judged

*significant*; and (3)_exp1a1n1ng, where possible, the failures of the
threé methods to agree.- .
For the quotient method (Sect. 3), the §1gn1f1cance cr1tef1qn used
was an acute-effects quotient greater thanAO.OI. that is, a iowesi -
observed LC50 less than twq orders of:magnitpde'greater than thg :
est1maﬁed environmental concentration. - This ckiter1on hag.sometimes o
been ﬁsed.1h hazard assessméntsbfor tox1c chemicals. For anaiysis of
extrapolation error, poténtjallecolog1ca1 effects of a contaminant were
considered s1gn1f1can; if the risk that the environmental concentratioh
may exceed tné MATC of one or more reference fish species is greater
than 0.1. This value was chosen to avoid (1) being overly conservative
and (2) relying on risk estimates obtained ffqm the tails of the
probability distributions for HATCS. where the reliability of
extrapolation is most questionable. ’Forvecosystem unéerta1nty analysis,
contaminants were cons1der§d to pose significant risks 1f the risk of a
25% reduction in game f[fh biomass 1s greéter than 0.1. This ga]ue was

selected on the basis that risks should be at least twice as hign as
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the background risk resulting frﬁm.gnV1ronmental vartability .
incorporated in}SHACOH (about 0.04) before they are considered
significant. | | '

Assessments of the aquatic end points in indirect coal liqﬁefaction
{Barnthouse et‘a\{ 1985a) provide an illustration of our pro;eéufé
(bn]y toxijcity dﬁotients were used té Asséss terrestfial end pointg).
For the fish end point, comparisons between risk estimates obtained
ffom all three risk methods were possibie._,Usjng at least one of the
fhree.methods (Table 7.1).jn1ne contaminant categories were determined'_
to pose potential risks to fish pophlations.' The nine were 1dént1f1ed-
‘as the ciasses most appropriate for refined risk assessments and/or
further research. four éontaminant classes, all trace elements or
‘convent1ona1 1ndustria1 pollutants (ﬁydrogen sulfide and ammonia),
were found sign1f1cant by two or more methods and identified as the
contaminants of greatest concern.

“For tﬁe phytoplankton end poiﬁt; oniy nickel and cadmium were
judged significant u§1ng iok1c1ty quotients. AHowevér, using ecosystem
.uncgrta1nty analysis, these eiements, along with three other heavy
metals. and ammonia were all judged significant This resdlt required
explénat1on in that, although all of the contaminants studied are
potentially tog1c to phytoplankton, the end po1nt'1n ecosystem
'uncer;ainty anaiysis‘1s defined as a fourfold 1ncfease in peak
phytoplankton biomass. An inspection of the modé] output revealed that
indirect effects of contaminants -on fish and zooplankton; rather than

direct effects on phytoplankton, were reSpons1b1e for the results.
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Table 7.1. Contaminant classes determined to pose potentially
. significant risks to fish populations by one or more of
three risk analysis methods: quotient method (QM),
analysis of extrupolation error (AEE), and ecosystem:
uncertainty analysis (EUA). Separate lists were developed
for treated aqueous waste streams from two indirect coal
T1iquefaction processes. From Barnthouse et al. (1985)

Lurgi/Fischer-Trnpsch process | Koppers-Totzek/F1schef—Tropsch process
(acid gasés) - QM, AEE : , (acfd gases) - QM, AEE

(alkéiine gases) - QM, AEE, EUA - (alkaline géses) - QM, AEE, EUA
(volatile carboxylic acids) - AEE (volatile carboxylic acids) - QH.‘AEE
(carboxylic acjds;'excluding . (cadmium) - QM, AEE, EUA

volatiles) - AEE
(arsenfc) - AEE
: (mercury) -:AEE, EUA
(nickel) - EUA-

(cadmium) - QM, AEE, EUA
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7.4 OTHER APPLICATIONS OF ECOLOGICAL RISK ASSESSMENT

We have not claimed tb:accﬁratély predict thevmagn1tudes of
gco]o§1ca1-r1sks associated with toxic themica]s. whether or not
iassociéted with synfuels produgtioﬁ. However, éven w1{hout such
predict1ons, app]icétions of the concebt of risk and, in some cases,
the methods described 1n_this report can substantially 1hpro§e current |
approaches to.enéirohmental decision-making. By (1) emphasizing
probabiTTties and frequencies pf eVénts ahd (2) expf1c1t1y‘quant1fy1ng
uncertainty, risk assessment can provﬁde a more rational basis for
decisiané fhat may otherwise be highly subjective.
For exémple.‘frequency'distribUtidns of ambient Eontaminant

- concentrations can be used to forecast water qﬁa11ty impacts’or
compliiance with standards. For any given benchmark concentrét16n
"(e.g., an amb1ent air or water quality critér1on). thé.probébi]fty of
exceedihg-thé‘benchmark can bé read from the cumulative distribution
function in.Fig. 7.1(a). The presentation of su;h‘funct1ons youid.
- enhance the quality of environmental impact aSsessmentsl which commonly
‘are based on worﬁt-case ahalyses (e.g., 77d; 10-year low flow) of
quest1onab1¢ ecological significance.i If the benchmark concentration
,15 an action 1eve1'ébove which contaminant dischargesvaré not
permitted, then flg; 7;1(a).could.be hsed to estimate'the frequency of
days on which action would be required. Probab111st1c environmental
fate models fhat could be used fok‘th1s purpose a]réady éxist.(é.g.,

Parkhurst et al. 1981, Travis et al. 1983).
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Fig. 7.1. Four application§ of eéolog1ca1 risk functions. In (a).lé

cumulative frequency function is used to estimate the
frequency with which the environmental concentration of a
contaminant will exceed an "action" concentration. .In (b), a
cumulative probability function for the effects threhsold of a
hypothetical organism is used to select an action
concentration with a 5% chance of exceeding the true effects
threshold. 1In (c¢), probability density functions for two
componants of a risk estimate are compared to identify the
component with the greater uncertainty. In (d), the risks of
adverse effects of different magnitudes. are compared for two

“alternative tacility designs. The expected effects of the two

alternatives are the same, but alternative B presents greater
risks of severe adverse effects.
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Risk estimates could also be used to set standards based on
probabilities of exceeding effects thresholds. Section 4 of this
report describes a method for céiculéting probability distributions for
acute‘LC50 ' . |
plotted as a cumulative probability function. Using this curve, the

s and MATCs. Fiqure 7.1(b) pfesents such a distribution

allowable ambient concentration of a contaminant might be set <o that
the risk of exczeding the threshold level is 5%. Figure 7.i(b) could
also be used to define the decisioh potnts in tiéred hazard assessmeﬁt
schemes. In this application, the decisioh to perform fufther iésts on
a chemical would be determined by the risk of exceeding an LC50 or
MATC, and by the reduction in pncertainty expected to result from
acquisition of additional test data. | |

If the contributions to total uncertainty of different components‘
',of a risk estimate can be compared, then research effort can be
concentrated on the component(s) contributing the greatest uhcertainfy.
For example, in Fig. 7.1(c), uncertainty abodt the environmental -
concentration of a contaminant is compared wifh uncertainty concerning
its effects threshold. The‘felative variances of the two distributionsv
corresbond roughly tc the variances estiméted by Suter éf al. (1983) for
largemouth bass exgosed to mercury released from_a hypothética] indirect
coal liquefaction plant. 8arnthodse et al. (1985b) used Eombarisons
between variances of MATCs and of environmental concentrations
estimated for 23 synfuels-related contaminants to argue that, in
general,'uhcertainty concerning'effecté thresholds fof contaminants'

is much larger than uncertainty concerning environmental fate.:
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Déc1sion; concerning a]ternat&vg:piant sites and mitigating
technologies could be facilitated by using risk curves 11kevthose>shown
in Fig. 7.1(d). Such curves pkdyide jnformation about both the
.expected effects of an action (e.q., bQi]ding_a plant or licénsing a
chemica]i and théfrisk’of'extreme1y>1arge effects. Risk curves are.

.commoniy u;ed to assess Safety;related‘risks (e.g;. comparing
- automobile fravel tb aﬁrplanes or eafthquakes to nuclear power plant
accidents); wevsee_no reason why they could not also‘be used t§<assess_

.ecological rjsks..
7.5 CRITICAL RESEARCH NEEDS

Given thé 1mméturity of the art of risk ésses;ment, 1t.Qould be
poss1ble'to 1ist dozens of reseafch topics,;hat would énhaﬁce our -
-cap$b111t1és. Through. the app]i?af1on of risk assessment concepts'to
synfuels téchnologies. we\haye 1dent1f1ed four def1c1encie; that we

_think are especially c}1t1cal: (1) 1hsuff1c1ent understanding of
chronic effgcts of toxic chemicals, (2) 1hsuff1c1eqt data on effeﬁts of
contaminénis on invertebrates, (3) poor standard1z;t10n'of toxicity

“test systems for aquatic and terrestr{ai:plant;; and-(d)‘1nsuff1c1ent
validation of‘ecological risk models; | _

Most exposures of organisms to toxic contaminants are chronic
rather than.acute.. However, mosf reseafch aﬁd tox1c1t; testing to dafé
has been diféc:éd at écute exposures. 'ué,have shown 1in Section; 4 and
5 of this report that, ailleést'for f1§h‘and,nrobably5a]so for aquatic

invertebrates, it is possible to extrapolate from acute effects to
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MATCs and even to population-level effgcts of chronic exposures. The
uncertainties associated with this extrapolation are very large,
presumably because the relationship between effective concentrations
for acute vs chronic effects is highly varizble. Significant
reductions in uncertaﬁnty could be obtained if more effort‘were devoted
to chronic toxjcity testing and to understaﬁding the physioiog1§a1
hechani:ms responsible for chronic foxﬁcity. In contrast, acdte
effects of contaminants on fish are well studied; and‘our research
(Sect. 4) ha§ shown that acﬁte éffectﬁ of contaminants on ohe fish
species can be extrapolated io other fish speﬁﬁes with a-re1at1ve1y Tow

degree of uncerta*wty (i.e., w1th1n an order of magn1tude)

A redressing of the imbalance in testing effort between fish and

1nverteprates is needed. Modeling stud1es performed qs1ng SWACOM

(Sect. 6)»sugge$t that differences in sensitivity between and within

trophic levels in aquatic ecosystems can cause responses that are

qualitatively different from those predicted on the basis of a few
standard species. A\thouéh {nvertebrates are both taxonomically and

physiolbgically more diverse than fish, more aquatic toxicity data is

available for fisn than for invertebrates. Moreover, most testing of

invertebrate responses is restricted to'a small set of standafd
organisms (e.g., gggﬂgig'mgggg). | | .
tack of comparability of test syitems Timits tﬁe poss1bti1ty of
any meaningfu) risk assessments for plants and'espec1aliy terrestr1a1
vegétat1on | Suitable test systems for phytoplankton are available, all
that 1s required is a standard1zat1on of end points. For terrestr1al

plants, interpretability is an even greater problem than comparability.
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Many systems are_of’severe]y 11mfted ﬁf111ty for risk assessmenf
becausé of the near 1mpossib111ty of relating the test end ppints _
(e.g.,.reductibns in root elondat1on rates) to meahingfu] ecoﬁogich
end poiﬁ&s.’ Readily 1nterpretap1e data are available oniy for majbr
combustién products, spch as ozoﬁe and_SOx. |

L;ck of va11Qation of ecological risk models, especially ecosystem
. models, 1is berhaps tﬁe greatest single 1imitation én the future
deve]opmént of e;ologﬁcai}risk assessmgnt. The'Standard water Column -
Moﬁe],Aa'hodeT of the pe]agié zone of a northern dimictic lake, was
used to develop gcosystem-uncérfa1ﬁty analysis (Sgct; 6), not because
such lakes aré rejevant to synfuels risk a§sessmenf. but Secause
northern dimictic 1akes are by far the best undersfbod aquatic | .
ecosystems. Thevmbdel 1tse1f,has not been r1gorous{yrval1dated, but -
_ the functionaivcompohents'of the model have been vaTidated'through more
than a century of limnological re;earch.f Becéuse of fhe'great expenéé'
and difficulty of site-specific modeling efforts, 1t.fs 1ikely that
ecosystem-level risk assessments‘u111 always be 11m1tedApr1mar11y»to
site—1ndependént purposes, such és'1dent1fy1qg particular contaminants
or contam1nant‘c1as$es with the potential for causing indirect
ecological effects. Evén for this more 1imited purpose, validation
studies are needed. At a minimum, the existing case studies on
ecological effects of toxic'chem1ca)s should be synthesized to
determine how frequehtly 1nd1fect aoffects have been obﬁerved and to
identify tﬁé ecological processes (e.g., prey sw1tching'or réductions

in primary producticn) responsible.
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‘Ecological r1sk assessheﬁt'methﬁds inevitably Eepresent a
'comprom1sé between the ideal ahd the possible. Ideally, we would 1ike
to quantify effects of toxic contam1nanfs §n valued ecosystem comp 1ients
in any environment of 1ﬁterest, based on an uﬁderstand1ng of funﬁamenta]
chemical, physiological, and eco]ogifal«pro;esﬁes. Statistical models
and generic ecosystem models, such as those déscrjbed in this report,
would then be unnecessary. Unti) breakthroughs in fundamenta]
understanding are ach1§ved; however, ué believe that the most
apgpropriate strategy for improving our capab{11ty in ecological risk
assessment is the strategy pursued in the synfue]s‘risk assessment
project, that 1;, fncremental eiten;ion of the existing étaté-of the

art in ecotoxicology and ecology{
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Table A.1. LCqQ/MATC data set (units are ug/L)

’ 08S CHEMICAL SOQURCE SPECIES CLASS TYPE LCSO NOLC LOEC MATC
) AC 222,105 SPEHAR €1 AL. 1983 m Py 1S 0.22 0.03 0.07 0.0
2 ACENAPHTHENE - CAIRNS AND MEBEKER 1982 Fn PA ELS 608 kL1 495 413.2
3 ACEMAPHTNENE - LEMKE €7 AL. 1983 " PA.  ELS 139.5 214 195.5
4 ACROLEIN RACEK ET AL. 1976C (4 HC N4 84 1.4 a7 21.8
S A6 DAVIES ET AL. 1978 RY. " (s 6.5 0.09 0.1 0.
b AG NEBEKER €1 AL. 198 Rl n £ 9.2 <.

1 A6 SULFIDE GELL . LESLANC €T AL. 1984 n (LS >0 >11000

8 AG THIOSULFATE COMPLEX LEBLAMC ET AL. 1984 n LS >280 16000 35000 23664.3

9 ALACHLOR CALL ET AL. 1982 (L) oC ELS 5000 520 100 156.3
10 ALDICARS PICKERING AND GILIAN 1982 n c8 €LS 1370 18 156 10.3
11 AROCLORI ;42 MEBEKER EV AL. 1974 - N oc Le 300 5.4 15 9.0
12 AROCLOR1248 OEFOE €T AL. 1978 1] oc Le : 0.1 - 0.4 0.2
13 AROCLOR1248 NEBEKER ET AL. 1974 FF 0 L 2.2 5.1 33
14 ARCCLOR1254 NEBEYVER ET AL. 1914 Fn - 0C L >3 0.52 1.8 1.0
15 ARCCLORI260 OEFCE €V AL. 1978 (1) o [ KN <. . :
16 AS BI0DINGER 1981 kL] L 30200 2500 $000 - 3535.5
11 AS CALL ET AL. 19838  FF ELS 14400 . 2130 420 2962.4
18 AS CALL €T AL. 19838 Fx ELS 14200 2130 4300 3026.4
19 ATRAZINE MACEK ET AL. 19768 86 - ON Lc 6700 95 500 211.9
20 ATRAZINE MACEK ET AL. 19768 81 £ Lc 4900 (1) 120 88.3
21 ATRAZINE MACEK ET AL. 19768 1] o L 15000 213 810 430.5
22 BENZOPHEROWE CALL ET AL. 1985 1) L) ELS 14800 540 930 .2
23 BROMACIL : CALL ET AL. 1982 Fn oN ELS 182000 <1000

24 CAPTAN HERMANUTL ET AL. 1973 (L) 0s  LC 65 16.5 9.5 25.5
25 CARBARYL CARLSON 1971 FA . ©oe 9000 210 680 371.9
26 €0 - BENOIT €T AL. 1976 1) [ ] L 1.2 3.4 2.4
21 €0 CARLSON ET AL. 1982 FF n 1.C 3.3 7.4 4.9
28 €3 EA(ON ¢ AL. 1978 sut N OELS 3.8 1.7 6.7
29 €0 - EATON ET AL. 978 1) [ IR 18 BN | 3.8 2.0
30 (0 EATOM ET AL. 1978 €os ] £Ls 4.1 12.5 - 1.2
3 €0 EATON ET AL. 1978 LY N - ELS 4.4 12.3 1.4
32 €0 CATOM EV AL. 1970 NP N ELS 4.2 12.9 1.4
13 0. EATON €T AL. 1978 ) L} (183 4.3 121 1.4
3400 EATON ET AL. 1928 s n ELs 4.2 12.0 A
35 Co EATON 1974 86 L] L 21100 N 80 49.8
36 €D PICKERING AMD GAST 1972 I, " L 7200 3 51 45.9
3 Co SAUTER ET AL. 1976 i (1) ] ELs 1 3 1.1
38 €0 SAUTER ET AL. 1976 tc N (183 n 1 137
39 o SAUTER €T AL. 1976 (.3 ] ELs 9 25 15.0
40 €9 SPERAR 1976 FF L] 84 2500 4. " 8. 5.8
41 CHLORAMINE ARTHUR AND EATON 197) n . L 114 16 35 237
42 CHLORDANE CAROWELL €T AL. 1902 86 oC L 9 1,22 2.20 1.6
43 CHLORDANE CAROMELL ET AL. V917 8T oc L L)) <0.32

44 (N LE0UC 1978 AS (18 <0.01

45 Cn SHLTH ET AL. V919 66 Lec <5.2
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Table A.) (Continued) o
0
x
- T
085S CHEMICAL SOURCE ) SPECIES CLASS TvPe LCSO NOEC ©oLJEe . MATC- s
46 Cn ' SMITH ETF AL. 1919 : er ©opLt 68.3 5.1 1n.2 . 8.0
- AY CN SHiTH BT AL. 1979 - [ 2] w29 12.9 19.b 15.9
48 CnsSo4 HAZEL AND MELTH 3970 CHS s <9.02 C .
49 CR . BEWOLY 1976 1 M LC - 59000 200 350 264.6
50 (R BENOLY 1910 [} L. 69000 200 .. . 350 2046 ¢
1 (R PICKERING 1980 ) Fn L] L 36900 1000 3950 1987 :%-
SR SAUTER ET AL. 1978 86 L] s 522 22 765.3
53 Cr . - SAUTER ET AL. 1970 cc n s - 150 305 2139
54 CR : SAUTER ET AL. 1976 : LT L} ELS 108 194 142.7
55 k- : SAUTER EF AL. 1938 wp " (18 $38 963 1n9.9
56 (R SAUTER EY AL. 1976 1 n s $1 . 105 13.2
51 (R : SAUTERET AL. 1976 wE M OELS ’ >2161
58 (R SAUTER €T AL. 1928 ws L] s : 290 538 - - 395.0
59 (R ’ STEVENS AND CHAPHAN 1984 C Rl n LS 440 48 .89 65.4
60 Cu BENOIT 1975 86 n L 1100 21 ) 40 29.0
61 v - o HORNING AND NEIMCISEL 1979 BN n Lc 230 4.3 18 8.8
6 Cu - . MCKIM AND BENOLT YON . (14 L] L 100 9.5 17.4 12.9
63 Cy “MCKIN AND BEROLIT 1934 - 81 n 44 . . >3.4 ’
[Y <) WCKIN ET AL, 1978 BNT ®ns 2.3 4.5 N5 -
65 (U MCKIN ET AL. 1978 . BY ] (18 %5 43.5 30.6 - o
66 CU | RCKIN ET AL. 1978 : LY n s - 22.0 42.3 30.5 . @
67 Cu WCKIN ET AL. 1978 np L] (18 349 104 .4 60.4
68 Cu MCKLIA {7 AL. 1978 RT L] ELs 1.4 N 19.0
69 Cu : NCKIN ET AL. 1978 s ] s 12.9 33.8 20.9:
20 v MOUNT AND STEPHAN 1969 (1] ] L 15 10.6 18.4 14.0
Ny ' WOUNT 1968 1] L} -Lc 410 4.5 13 : 2v.9
Ly ) PICKERING EV AL. 1977 2] " L 460 - 38 60 . 41.7
13 cu T SAUTER ET AL. 1976 81 L] (18 3 s ’ 3.9
M Cy . SAUTER ET AL. 1976 cc n ELS 12 18 14.7
15 Cu : SAUTER E7 AL. 19176 wE " ELS 13 21 16.5
16 CU o SEIM EY AL. 1964 RY: L] ELS 80 6. . n 22.3
17 oov JARVINEN EY AL. Y972 : [1.] oc L 48 0.5 2.0 1.0
18 DI-W-BUTYL PHIRALATE MCCARTHY AND WHITMORE 1985 1] | ] s - 560 1000 748.3
79 DL-N-OCTYL PHTHALATE MCCARTHY AND WHITMORE 1985 2] N ELs 3200 10000 5656.9
80 DIAZINON ALLISON AND HERMANUTZ 1977 81 P PLC 70 <C.55 .
81 DIAZINON ALLISON AND HERMANUTZ 1917 2] ¥4 1800 3.2 13.5 6.6
82 DIAZINON JARVINEN AND TANHER 1982 1] oP ELS 690 50 90 . 61.1
83 DINCSES CALL EY AL. 1983 (2] oN  ELS 00 14 & 48.5 26.5
84 DINOSES ’ ~ WOODWARD 1976 L ON NS 19 <0.5
© 85 DIUROM CALL €7 AL. 198) 2] ON ELS 14200 33.4 18 5.0
86 JTDMAL LEWIS AND WeE 1983 (1] -8 [ 189 53 90 U690
a7 oumsBAN JARVINER AND TANNER 1982 0m op (s 4o .o 3.2 . 2.3
88 ENDOSULFAN CARLSON ET AL. 1982 1] oc 0.86 ) S
89 ENDOSULFAN . MACEX ET AL. 1976C m 0oc L 0.86 0.2 . 0.4 0.3
90 ENORIN ) CARLSON €T AL. 1982 Fu oc NS




Table A.1 (Continued)

08s

_SP[CI&S CLASS TYPE

HOLCOMBE ET AL. 1982

CHEMICAL - SOURCE Lcse NOEC LOEC MATC

31 ENORIN HERMANUTZ 1918 tF oC L 0.85 0.22 0.3 0.3
92 ENDRIN JARVINEN AND TYO 1978 N oc L <0.17

92 ZINYLBENZENE £PA 1980A " N ELS 45300 >440

34 FLMITROTHION KLEINER ET AL. 1984 BN o s 130 300 197.5

5 :ONOFOS PICKERING ANC GILIAM 1982 . FM - OP . ELS 1090 16 33 1.0
95 FURAN CALL ET AL. 1988 FW N . ELS 60676 8210 12200 10044 6

3) GUINION ADELMAN EV AL. 1976 o e 0.33 0.51 0.4
98 HEPTACHLOR WACEK EV AL. 1976C N e 0.86 1.84 1.3
99 HEXACHLOROBUTADIEMNE BENOLT E1 AL. 1982 00 ELS 102 6.5 13 9.2
100 HIXACHLOROCYCLOHEXANE  WACEK ET AL. V916A 86 N LC 30 9.1 2.5 10.1
101 HEXACHLOROCYCLOHEXANE  MACEK EF AL. 1976A 81 N i 26 8.8 16.6 121
102 HEXACHLOROCYCLOMEXANE  MACEK ET AL. 1976A "M N 69 9.1 23.5 146
103 HEXACHLORQE THANE ARMED ET AL. 1984 . N ELS 1510 69 201 9.5
104 HEXACHLOROPENTADIENE  £PA 19808 M. N ELS 1.0 31 1.3 ©5.2
108 K6 CALL EV AL. 19838 M- X ELS 150 <0.23 .
106 HG _ SNARSKI AND OLSON 1987 - M- LC 168 <0.26
107 1SOPHORCNE CAIRNS AND NEBEKER 1982 M HC T ELS 145000 56000 112008 19196
108 [SOPHORONE LEMKE £1 AL. 1983 PN WO ELS 145000 B853S 15610 11542,
109 KELTHANE SPEHAR ET AL. 1982 - oC  ELS - 19 39 21
110 KEPONE SUCKLER £1 AL. 1981 ©FM oC LC 340 1.2 30 .
111 LAS MIXTURE PICKERING AND THATCHER 1970 FM s Lc 4350 630 1200 869.
12 1As 1.2 HOLMAN AND MACEK 1980 N s ELS 12300 5100 8400 6545,
13 tAs 112 HOLMAN AND MACEK 1980 N s LC . 400 - 480 490 485,
114 LAS 13.3 HOLMAN AND MACEK 1980 M-S 1t 860 10 250 165.
115 MALATHION EATON 1970 86 o LC 10 3.6 1.4 5.
116 MALATHION EATON 1570 FfN . 0P  LC 10500 00 580, © 340.
11T MALATHION HERWANUTZ 1978 T FF IC 349 8.6 10.9 9.
118 METHYL PARATHION JARVINEN AND TANNER 1982  FM 0 ELS 310 380 343.
119 METHYLMERCURIC. CHLORIOE MCKIM EY AL. 1976 BY oM L s 0.29 0.93 0
120 METHYLMERCURIC CHLORIDE MCKIM 1977 1 ot LC 240 0.1 0.33
121 METHYLMERCURIC CHLOREDE NCKIN 1977 N O LC 65 0.07 0.13 0
122 MIREX ‘ © BUCKLER EV AL. 198) M. 0C  LCC 150 7 13 9
123 NAPTHALENE DEGRAEVE ET AL. 1982 N HC  ELS 7900 450 850 610
128 N1 PICKERING 1974 K MLC 2000 . 380 730 526
125 P8 "DAVIES ET AL. 1976 Ry Mo ELST 1170 4.0 1.8 .5
126 P8 HOLCOMBE EV AL. 1976 EH ML 4100 8 N9 83
12) P8 NCRIN 1902 FF oW 2% n.2 62.% 44
120 P8 SAUTER E1 AL. 1976 86 N ELS 10 120 9
129 P8 SAUTER ET AL. 1976 cc: U 15 136 101,
130 e8 SAUTER €1 AL. 1976 LY LS 48 8y 3
131 P8 SAUTER E1 AL, 1976 NP . s 253 483 49,
132 P8 .SAUTER E1 AL. 1976 R MoELS n 148 101.
133 P8 SAUTER ET AL. 1975 WS K ELS 19 253 173
134 PENTACHLOROE THANE AHMED €T AL. 1984 N N ELS - T340 900 1400 V122
135 PENTACHLOROPHENOL ) oc  ELS 449 3.0 51

o
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Table A.) (Continued)

- E o
085 CHIRICAL - SouRtt SPECIES CLASS 1YPL LCSD NORC [{0] (S MATC ;
g —
- : - g 0
136 PERKETNRIN SPEMAR (T AL. 1983 (] PY (s 156 0.06 1.4 1.0 g;
127 PHENOL . OEGRAEYE €1 AL. 1980 m HC LS 24900 150 2500 1369.3 wn
138 MENOL ! DESUALYE €1 AL. 1980 Ry N LS 8900 <200 -
139 PHENOL HOLCOPSE €1 AL. 1982 N HC (18 ’ 1830 3510 : 25%6.0
146 PHENOLS ’ BAUSLE €T AL. 199) n NC [LS,R "0 250 180.4
141 PHEMOLS OAUSLE ET AL. 1923 R W ({83 <130 .
142 PICLORAN WOODMARD 1976 19 4} [{S IR 1] <33
VA3 PROPANIL . CALL €7 AL, V$8) . ] TS 8600 0.4 0.6 0.%
V44 PYORIN SPIMAR ET-AL. 1982 Fn PY (1838 19 .33 0.3
145 SOOIUM WITRILUTRIACETATE ARTHUR ET AL. 1904 - A S Ky 114000 >34000
346 T-Y, 2-PICHLOROCYCLONEXANE CALL ET AL. 1965 ° L] L] ELS 18400 610 9680 m.2
147 TETRACHLOROE THYLENE © AMRED ET AL. 1984 4] [] ELS 13400 -1400 . 280C 1979.9
148 TETRANYUROFURAN CALL £V AL, Y98S - R L} €S 2160000 216000 361000 281%%2.8
149 TOXAPHENE RAYER €1 AL. 1928 . er [ 4 13 10.8 <0.0)9 o
150 TCXAPHENE RAYER ET AL, 1907 43 o ({4 16.8 © 0129 0.299 0.2
13} TOXAPHENE CRAYER ET AL, VOD? n . L 1.2 0.02% 0.054 0.0
152 TRIFLURALIN ©OMACER BT AL. 1976C N ON - NS 1.9% 5. 3.2
153 VANAOIUR HOLOWAY AND SPAAGUE 1919 FF e 11200 80 10 Nne. 6
V34 IEOLITE, TYPE A RAK] AND MACEK 1378 1] LS >860000 © - >86100 '
188 In . BENOLT AND HOLCOMBE 1978 M L] [ ¢ S | 145 106.3
156 I BRUNGS 1969 1] L] L 9200 30 180 7.5
15 In : HOLCOMBE €T 'AL. 1979 8T L] e 2000 - 534 1360 8%2.2
148 In PIERSON 198) 6 n LC - %800 < . .
139 In . SINLEY €7 AL. 1914 - RV L] LC 40 140 T 260 180.8 —
160 In SPEHAR 1976 FF n.Lc 1500 26 s 36.4 ~J
181 1,1, 2-TRICHLOROE THANE ARMED ET AL. 19064 - n N LS 81600 ' 6000 14800 9423.4 o
162 1,1,2,2-TETRAIHLOROE THANE ANRED (T AL. 1984 N N ELS 20400 1400 4000 2366.4
163 1,2-01CRLCROBENZENE €PA 1980C m L] QWs 1600 2500 2000.0
164 1,2-01CNLOROE THANE OENCIT €T AL. 1982 n N ELS 118000 29000 $9000 41364.2
165 1,2-01 HLOROPROPANE - SENOIT €1 AL. 1982 N Kk - (LS 139000 6000 11000 8124.0
166 1,2,3,4-TETRACHLOROBENZE ARMED ET AL. 1984 . Fn [} ELs 1020 245 - 492 Mma
“67 1,2,4-TRICHLOROBENIE AMNED ET AL. 1984 . £n N LS 2760 . 439 ’ 1001 706.98
168 1,3-01CnLOROBENZENE AMRED ET AL. 1904 m N . WS 190 FEiy 1000 1505.1
169 1,3-01CHLOROPROPANE SENOIT €7 AL. 1982 m N LS 1N000 8000 16000 1NI7
110 3,3-01CAL0ROPROPENE €PA 19800 Fn N OELS 180 330 2437
17V V,4-01CHLOROBENZENE ANRED ET AL. 194 - N N S 4160 563 © 1040 766.¢
172 1,4-0IRETHORYBENZENE CALL ET AL. 1988 m N LS 17600 16600 . . 27400 oA
113 2,4-01CHLORGPHENOL NOLCOMBE (T AL, 1982 4] oc (189 290 ’ 460 36%.2 .
V14 2,4-0IRETHYLINENOL HOLCOMBE (T AL. 1922 N NC €Ls : 1910 mo 2475.2
175 3,4-01CHLOROTOLUENE CALL €T A, V1988 L] [ ] (LS 29 10 148 107.4
176 4-BROMOPHENYLPNENTL ETHER €PA 1900 Fa n (18 89 A1 3 1.9 '
117 4-NETHYL-2-PENTANONE CALL €T AL, 1988 n [ ] s 505000 $7000 105000 11362.8 !

—_—

SPECIES = Species of test organism: AS ~ atlantic salmon, B6 = bluegill, BN = bluntnose minncw, BNT = brown trout,
87 « drook trout, CC = channel catfish, CNS = chinook salmon, COS = coho salmon, FF = flagfish, FA = fathead
oinnow, 6 = guppy, N - Japanese medaka, LT « lake trout, NP « northern pike, RT = raindbow trout, S8 = smallmouth
bass, WE « wallc e, and WS « white sucker,

CLASS = Chemica) class : CB = carbamate pesticide, CX = carboxylate herdicide, HC = hydrocarbon, N = metal,

M = narcotic, OC = organochloride, OF = organophosphate pesticide, 35 = organosulfur, PA = polycyclitc aromatic
hydrocarbon, and PY = pyrethyrold pesticide. . i

TYPE = The types of tests included: (C » life-cycle or partiai iife cycle, ELS = early 1ife stage.

LCyp = A 96-h madian lethal concentraticn determined in the same study as the corrasponding RATC, or at least in
the same laboratory using the same water. .

NOEC ~ Mo observel effects concentration. } :

LOEC = Lowest observed effects concentration. ) . . .
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Tabi: 8.} Concentration-Response Data Set

08S CHEMICAL SPECIES PARAM . . DOSE NTESIED RESPONSE EGGS  WEIGHT- SOURCE
1 ACENAPHTHENE 4] MORTS 0.00 30 6 CAIRNS AND. NEBEKER 1922
2 ACENAPHTHENE (2] MORTS 197.00 n H CAIRNS AND NEBEKER 1982
3 ACENAPHTHENE (2.} MORTS 345.00 33 4 CAIRNS AND NEBEKER 1982
4 ACENAPHTHENE 4.} MORTS 509.00 32 9 CAIRNS AND NEBEKER 1982
5 ACENAPHTHENE (1] MORTS 682.00 n 18 CAIRNS AND NEBEKER 1982
6 ACENAPHTHENE M MORTS 1153.00 33 32 CAIRNS AND NEBEKER 1982
. 7 ACEMAPHTHENE [, WE IGHY 9.00 0.02 CAIRNS AND NEBEKER 1982
8 ACENAPHTHENE FM WEIGHT 197.00 0.02 CAIRNS AND NEBEKER 1982
~ 9 ACEMAPHTHENE 4] WE1GHT 345.00 0.02 CAIRNS AND NEBEKER 1982
10 ACENAPHTHENE . 1] WE LGHT 509.00 0.02 CAIRNS AND NEBEKER 1982
11 ACENAPHTHENE . 2 KEIGHT 682.00 0.01 CAIRNS AND NEBEKER 1982
12 ACENAPHTHENE -FM WE1GHT 1153.00 0.00 CAIRNS AND NEBEXER 1982
13 ACENAPHTHENE m WEIGHT 6.00 0.20 LEMKE ET AL 1983
14 ACENAPHTHENE R Fn WE IGHT - 89.50 0.18 LEMKE ET AL 1983
15 FCENAPHIHENE . W WE [GHT 139.50 0.19 LEMKE £7 AL 1983
16 ACENAPHTHENE 4] WE1GHT 274.00 0.15 LEMKE ET AL 1983
17 ATENAPHTHENE . FM WEIGHT 533.50 0.13 LEMKE ET AL 1983
18 AENAPHTHENE M WEIGAT 1025.50 0.08 LEMKE €7 AL 1983
19 ACROLEIN (4.} HATCH 0.00 $00 44 MACEK ET AL 1976C
20 ACROLEIN - 4] HATCH 4.60 150 ne - MACEK ET AL 1976C
- 21 ACROLEIN - k1) HATCH 6.40 600 16 MACEK ET AL 1976C
22 ACROLEIN = . 4] HATCH - 11.40 600 114 _ MACEK ET AL 1976C
23 ACROLEIN 2] HATCH 41.10 250 48 MACEK ET AL 1976C
24 ACROLEIN L] MORT 0.0 30 2 ’ MACEK ET AL 1976C
© 25 ACROLEIN .. FA MORT) 4.60 . 30 4 MACEK ET AL 1976C
26 ACROLEIN | 2 MORT) 6.40 30 7 ~° MACEK ET AL 1976C
27 ACROLEIN ~ | 4] HORT) 11.40 -30 2 . MACEK ET AL 1976C
28 ACROLEIN 2] MORTY 20.80 15 H : MACEK ET AL 1976C
29 ACKOLELIN 4] MORT) 41.70 30 2 BMACEK ET AL t976C
30 ACROLEIN 4] MORT2 0.00 160 n MACEK ET AL 1976C
3) ACROLEIN Fi MORT2 4.60 160 7% MACEK ET AL 1976C
32 ACROLEIN t 4] RORT2 6.40 160 56 HACEK ET AL 1976C
33 ACROLEIN . . 1] 7ORT2 11.40 160 108 MACEX ET AL 1576C
34 ACROLEIN (1.8 MORT? ‘1.70 80 18 MACEX ET AL 1976C
35 AC222,705 : FA HATCH 0.00 100 9 SFEHAR €T AL 1983
36 AC222,195 ) 2] HATCH: 0.02 100 4 ’ SPEHAR ET AL 1983
37 AC222,105 N HATCH 0.03 100 4 SPEHAR ET AL 1983
38 AC222,705 4] RATCH 0.07 100 8 SPEMAR ET AL 1983
39 AC222,10% L] HATCH ¢.n 100 100 SPEMAR ET.AL 1983
40 AC222,705 ' N HAICH 0.29 7 100 100 SPEMAR €1 AL 1983
41 AC222,10% 4] “ORT2 0.00 60 5 . SPEHAR ET AL 1983
42 AC222,705 N MORT2 0.02 60 8 . SPEHAR ET AL 1983
43 AC222,705 1] MORT2 0.03 60 9 SPEHAR ET AL 1983
44 AC222,705 ! 1) . RORY2 0.07 60 15 . SPEHAR ET AL 1983
45 AC222,705 - 2 RORT2 0.13 60 59 SPEHAR ET AL 1983
46 AC222,705 1] MOR12 0.29 60 60 SPEHAR ET AL 1982
47 AC222,705 Fn WEIGHT 0.00 ' 0.13 SPEHAR ET AL 1983
48 AC222,705 " " WEIGHT 0.02 0.13 SPEHAR ET AL 1983
497 AC222,705 14 WEL1GHT 0.03 0.13 SPEHAR ET AL 198)
50 AC222,705 FM WEIGHT - 0.07 0.73 SPEHAR ET. AL 1983
S1 AC222,705 m WEIGHT 0.13 0.1 SPEHAR ET AL 1933
52 AC222,705 3. WEIGHT 0.29 0.00 SPEMAR €1 AL 1963
53 AG . RT MORT2 0.00 123 ] NEBEXER ET AL 1983
0.10 n n ' NEBEKER £T AL 1983

54 26 R1 MORT2
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. 1able B.1 (Lontinued)

085 CHEMICAL SPECIES PARAM DOSE NTESTED RESPONSE  EGGS H[l_GbH SOURCE

-55 A6 . ) "R poR12 0.13 62 " ) NEBEKER £1 AL 1983 .
56 AG RT MORTe 0.20 52 5 ‘NEBEKER ET AL 1983
ST AG : RT MORT2 0.24 . 46 5 ) NEBEKER ET AL 1983
58 4G R7 RORT2 0.36 39 13 i NEBEKER ET- AL 1983
59 A6 : - ORI MORT2 0.9) 36 14 NEBEKER €7 AL 1983
60 A6 o Rl MORT2 0.70 4" 2 MEBEKER ET AL 1983
6] AG_ RY MORT2 1.06 6) 39 NEBEKER ET AL 1983
62 A6 i RY RORT2 1.32 n 1 NEBEKER ET AL 1983
63 A6 ' [ MORY2 1.9% 38 36 . NEBEKER ET AL 1983
64 AG . RY WELGHT 6.00 - . 31.7C NEBEKER ET AL 1983
65 AG ' RT WEIGHT 0.10 29.50 MEBEKER ET AL 1983
66 AG R 1 | OWEIGHT . 0.V3 29.40 NEBEKER €T AL 1983
67 A6 RY WEIGHT 0.20. 30.00 NEBEKER ET AL 1983
58 AG T wEieHl 0.28 ’ 29.80 MEBEXER ET AL 1983
83 AG [ WEIGHT 0.3 : 28.60 MEBEKER ET AL 1983
0 A6 . - RY WE 1GHT 0.9%i . 28.90 MEBEKER E1 AL 1983
A6 SR WEIGHT 0.70 20.10 NEBEKER ET AL 1983
12 A6 ) , RT . WEIGH, 1.06 24.70 NEBEXER.ET AL 1983
13°A6 . RT WEIGHT 1.32 : "MEBERER ET AL 1983
14 A6 [} WE 16HT 1.9% NEBEKER ET AL 1983
15 AG THIOSULFATE COMPL FM HATCH 6.00 © 120 13 ’ LEBLANC ET AL 1984
76 A6 THIOSULFATE COMPL FA HATCH 10.00 120 ? } LEBLANC {7 AL 1984
17 AG THIOSULFATE COMPL FN- HATCH 16.00 120 ) LEALALC ET AL 1974
78 A6 THIOSULFATE COMPL M _ HATCH 35.00 120 19 © LEBLAMC €7 AL 1984
79 AG THIOSULFATE COMPL FM HATCH 64.00 120 12 LEBLANC ET AL 984
80 AG THIOSULFATE COMPL FM - HATCH 140.00 120 102 LEBLANC ET AL 1934
81 AG THIOSULFATE COMPL FM . MORT2 0.00 80 5 LEBLANC ET AL 1984
82 AG THIOSULFATE COMPL FM "MORT2 10.00 80 H : © LEBLAMC EV AL 1984
83 AG THIOSULFATE COMPL FM MORT2 "16.00 . 80 5 © LEBLANC ET AL 1984
© 84 AG THIGSULFATE COMPL §M MORT2 35.00 © 80 0 L LEBLAMC ET-AL 1984
85 AG THIUSULFATE COMPL FM.  MORT? 64.00 80 58 LEBLANC £T AL 1984
86 AG THIOSULFATE COMPL FM MORT2 140.00 80 80 LEBLANC ET AL 1984
87 AG THIOSULFATE COmMPL FM wE[6HT 0.00 0.10 LEBLANC €T AL 1984
88 AG THIOSULFATE COMPL FM - WEIGHT 10.00 0.12 LEBLANC €T AL 1984
89 AG THIOSULFATE COMPL M WEIGHT 16.00 0.12 LEBLANC ET AL 1984
90 AG THIOSULFATE COMPL FM - wWElGHT . 35.00 - 0.08 LEBLANC ET AL 1934.
9) AG THIOSULFATE COMPL FM - WEIGHT . 64.00 0.04 LEBLANC ET AL 1984
92 AG THIOSULFATE COMPL FM WElont 140.00 : LEBLANC ET AL 1984
93 ALACHLOR 1] HATCH 0.00 200 58 . © CALL ET AL 1481
94 ALACHLOR (1] HATCH 60.00 200 60 CALL £T AL 1983
95 ALACHLOR ’ (1] HATCH 140.00 200 68 CALL EV AL 1983
‘96 ALACHLOR 1] HATCH 260.00 - 200 51 ) CALL ET AL 1483
97 ALACHLOR 1] HATCH 520.00 200 48 . CALL €1 AL 1982
98 ALACHLOR Fu HATCH 1100.00 200 53 CALL €7 AL 1983
99 ALACHLOR - m noR12 0.00 60 " . CALL E1 At 1983
100 ALACHLOR 1] mORY2 60.00 - 60 7 CALL ET AL 1983
101 ALACHLOR 1] noR12 140.00 60 | CALL £V AL 1983
102 ALACHLOR 1] MORT2 260.00 60 4 CALL ET AL 1983
103 ALACHLOR 1] MORT2 $20.00 60 Y . CALL £7 AL .198)
104 ALACHLOR ) 4] noRT2 1100.00 60 10 CALL ET AL 1983
105 ALACHLOR m WELGHY 0.00 0.48 CALL €1 AL 1983
1C6 ALACHLON Fn WE 16HT 60.00 0.43 CALL ET AL 1983
- 107 ALACHLOR M WEIGHT - 140.00 0.42 CAMLL £1 AL 198
0.40 CALL ET AL 1903

109 ALACHLOR 7 NEIGHT 260.00
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Table 8.1 (Continued)

085S CHEMICAL SPECILS PARAM DOSE WIESTED RESPONSE EGGS . WEIGHT SOURCE
109 ALACHLOR | ) WE1GHT 520.00 0.42 CALL ET AL 1983
110 ALACHLOR "~ 2] WEIGHT 1100.00 . ' 0.32 CALL E7 AL 1983
111 ALDICARB ' FH HATCH 0.00 100 5 . PICKERING AND GILIAM 1702
112 ALDICARB - " FM HATCH 20.00 100 3 PICKERING AND GIi 1AM 1982
113 ALDICARS 4] HATCH 38.00 100 4 PICKERING AND GILIAM 1982
114 ALOICARB ' C kM HATCH 18.00 100 4 PICKERING ANO GILIAM.1982
LT 115 ALDICARS . FH HATCH 156.00 100 k) PICKERING AND GILIAM 1982
116 ALDICARB - 1.} HATCH 340.00 100 3 PICKERING AND GILIAM 1982
117 ALOLCARS ' (2.} MORT2 0.00 a0 7 PICKERING AND GILIAM 1982
S 118 ALDICARS .Fn MORT2 - 20.00 . 60 9 PICKERING AND GILIAM 1982
Sl 119 ALDICARB N MORT2 : 38.00 80 8 PICKERING AND GILIAM 1982
‘ 120 ALOLICA%S ) ) 1] MORT2 18.00 80 1 PICKERING ANO GILIAM 1982
121 ALDICARS 4] MORT2 156.00 80 47. PICKERING AND GiLIAM 1982
- 122 ALDICARS ' FH. MORT2 340.00 80 64 PICKERING AND GILIAM 1982
123 ALDICARE - | 2,8 WELIGHY . 0.00 . 0.15 PICKERING AND GILIAM 1982
124 ALDICARB . N WEIGHT 20.00 0.14 PICKERING AND GILIAM 1982
125 ALDICARS 3] WEIGHT 38.00 0.14 PICKERING AND GILIAM 1982
126 ALDICARS - m WE16HT 18.00 - 0.14 PICKERING AND GILIAM 1982
127 ALDICARB - FR WE16HT 156.00 0.12 PICKERING AND GILIAM 1982
128 ALDICARB FR WE [6HT 340.00 0.08 PICKERING AND GILIAM 1982
129 AROCLORI242 T FM E66S 0.00 442 NEBEKER ET AL 1974
130 AROCLORI242 . Fm €665 2.90 282 NEBEKER ET AL 1974
131 AROCLORI242 12 E66S 5.40 152 NEBEKER ET AL 1974
132 ARQCLOR1242 "M "£66S 15.00 1] NEBEKER ET AL 1974
133 AROCLORYI242 C E66S 51.00 : 0 NEBEKER ET AL 1974
134 ARQGCLORY242 " MORT4 0.00 20 0 NEBEKER ET AL 1974
135 AROCLOR1242 - FM MORTA 0.86 20 2 MEBEKER ET AL 1974
136 AROCLOR1242 (4] MORTA 2.90 20 0 NEBEKER ET AL 1974
137 AROCLORY242 1] MORTA 5.40 20 3 MHEBEKER ET AL 1974
138 ARCCLOR)242 Fn MORTA 15.00 20 13 NEBEKER £7 AL 1974
139 AROCLORI242 - 1.} MORT4 51.00 20 20 NEBEKER ET AL 1974
140 AROCLOR1248 1 WEIGHT 0.00 0.15 DEFOL ET AL 1978
141 ARQCLOR)248 Fn WETGHT 0.10 0.14 DEFOE ET AL 1978,
142 APOCLOR1248 Fn WEIGHT 0.40 . 0.12 DEFOE ET AL 1978
143 AROCLOR)248 ] WEIGHT 1.10 0.11 OEFOE ET AL 1978
144 AROCLOR1248 FM NEIGHT 3.00 0.10 DEFOE ET AL 1978
145 AROCLOR)249 ’ 13 MORT2 0.00 20 0. MEBEKER €7 AL 1974
146 AROCLORI238 FF MORT2 0.8 20 2 NEBEKER ET AL 1974
147 ARQCLOR1248 TOFf MORT2 0.54 20 0 NEBEKER ET AL 1974
© 148 AROCLOR1248 ) * FF RORT2 2.20 20 k) NEBEKER ET AL 1974
149 AROCLOR1I248 FF MORT2 5.10 20 13 o MEBEKER €7 AL 1974
150 AROCLOR1248 - FF MORT2 18.00 20 20 - NEBEKER ET AL 1974
151 AROCLOR1248 FF WE 1GHY 0.00 4.33 NEBEKER ET AL 1974
- 152 AROCLOR1246 " FF WE1GHT 0.18 3.90 NEBEKER ET AL 1974
153 AROCLOR1248 - FF WEIGHT 0.54 4.47 NEBEKER ET AL 1974
154 ARGCLOR1248. €F - WEIGHT 2.20 3.02 NEBEKER ET AL 1974
. : 155 AROCLOR1248° © FF WEIGHT 5.10 0.60 NEBEKER ET AL 1974
e - 156 AROCLOR}I249 (24 WE1GHT 18.00 . NEBEKER ET AL 1974
151 AROCLORI2S4 A £665 0.00 254 NEBIKER £ AL 1974
158 AROCLOR1254 Fn E6GS 0.23 222 NEBEKER ET AL 1974
159 AROCLOR1254 - 2] E6GS 0.52 557 NEBEKER E1 AL 1974
160 AROCLORI254 - " EGGS -1.80 107 ’ MEBEKER E1 AL 1974
161 AROCLOR1254 (1] £665 4.60 B 0 NEBEKER ET AL 1974
& 15.00 0 NCBEKCR E1 AL 1974

162 AROCLOR1254 £ £E6GS




ORNL-6251 ’ 176

Table B.1 (Continued)

08S CHEMICAL SPECIES PARAM  DOSE NTESTED RESPONSE EGGS  WEIGHT SOURCE
163 AROCLOR1254 CFR T HATCH 0.00 400 103 NEBEKER ET AL 1974
164 AROCLORI2SA .~ wm HATCH 0.23 M R NEBEKER €T AL 1974
165 AROCLOR12S4 © M HATCH 0.52 120 264 NEBEKER E1 AL 1974
186 ARDCLORI254 A HATCH 1.80 350 116 . NEBEKER ET AL 1974
167 AS -, FF MORT2 0.00 40 ' . CALL ET AL 19838
168 AS ‘ FF MORT2 1240.00 40 6 CALL ET AL 19838
169°AS . FF HORT2 2130.00 0 8 CALL ET AL 19838
170 AS Y MORT2 4120.00 - 40 2 CALL €T AL 19838
oA fF MORT2 1570.00 40 1 CALL €7 AL 19838
172 AS FF MORT2 16300.00 40 10 CALL ET AL 19838
173 As fF WEIGHT 0.00 0.0b CALL ET AL 19838
174 AS . FF WE1GHT 1240.00 0.05 CALL ET AL 19838
175 AS FF WE1GHT 2170.00 0.05 CALL ET AL 19838
176 AS FF WEIGHT 4120.00 0.04 CALL ET AL 19838
177 s : FF WE1GHT 7570.00 . 0.03 CALL ET AL 19838
178 AS. ‘ ©EE WELGHT 16300.00 0.03 CALL ET AL 19838
179 AS M HATCH 0.00 200 34 CALL €T AL 12538,
180 AS i HATCH - 1060.00 200 3] ' CALL E7 AL 19838
181 AS : “EM T HATCH 2130.00 200 0 : CALL €T AL 19838
182 AS v Fu HATCH 4300.00 200 25 CALL ET AL 19838
183 AS . T HATCH 7310.00. 200 40 . CALL ET AL 19838
184 As : M HATCH 16500.00 200 “ CALL ET AL 19878
185 AS M WORT2 0.00 0 H CALL €7 AL 19838
186 AS Fn MORT2 1660.00 40 2 CALL ET AL 19838
1WA M WORT2 2130.00 A0 4 : CALL €7 AL 19838
180 AS ‘ M MORT2 4300.00 40 9 CALL €7 AL 19828
185 AS . _FM MORT2 7310.00 40 1 ' CALL ET AL 19838
190 AS . FA AORT2 16500.00 40 N CaLL ET AL 19838
191 AS ] WE1GHT 0.00 0.06 CALL ET AL 19838
192 AS o N WEIGHT 1060.00 0.06 CALL €T AL 19838 °
193 A5 - WE 1GHT 2130.00 0.05 CALL ET AL 19838
UV AS M WE 1GHY 4300.00 0.04 CALL €T AL 19838
195 AS - WETGHT 7370.00 0.03 CALL ET AL 19838.
196 AS . o, WE1GHT 16500, 00 , 0.01 CALL ET AL 19838
197 ATRAZINE RN 1 £665 0.00 ‘8735 © MACEK ET AL 1976A
198 ATRAZINE : 86 £66S . 8.00 15254 ¢ MACEK €T AL 1976A
199 ATRAZINE 86 £66S 14.00 1460 _ . MACEK €7 AL 1976A
200 ATRAZINE " 86 £66S 25.00 5153 MACEK ET AL 1976A
201 ATRAZINE. .88 £665 49.00 130 . RATFK ET AL 1976A
202 ATRAZINE 86 £66S 95.00 7656 MACEK ET AL 1976A
203 ATRAZINE 86 HATCH 0.00 1400 224 MACEK €7 AL 1976A
204 ATRAZINE 86 MATCH .00 600 204 , MACEK ET AL 1976A
205 ATRAZINE 86 HETCN 14.00 - 2400 456 MACEK ET AL 19764
206 ATRAZINE - 86 HATCH 25.00 1200 156 MACEK €1 AL 1976A
207 ATRAZINE 86 HATCH 49.00 600 60 , MACEK ET AL 1976A
208 ATRAZINE - 86 HATCH 35.90 : 800 ‘T MACEK £7 AL )976A
209 ATRA7INE 86 HORTY 0.90 20 - ) o MACFK ET AL 1976A
210 ATRAZINE 86 WORT1 8.00 20 3 MACEK £1 AL 197bA
211 ATRAZINE 86 "ORT) 14.00 20 0 MACEK ET AL 1976A
212 ATRAZINE 86 HORT} 25.00 20 1 MACEK €T AL 19764
2)3 ATRAZINE 86 noR11 49.00 20 1 MACEK ET AL 19764
214 ATRAZINE . 88 noR1 95.00 20 3 MACEK ET AL 1976A
215 ATRAZINE ' 86 "ORT2 0.00 100 18 WACEK €1 AL 1976A
8.00 100 51

216 ATRAZINE . 86 noR12 MACEK ET AL 19706A
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" DOSE NTESTED RESPONSE EGGS  WEIGHT SOURCE

CALL

385 CHEMICAL SPECIES PARAM
217 ATRAZINE 86 MORT2 " 14.00 200 130° MACEK ET AL 1976A
218 ATRAZINE 86 MORT2 25.00 100 58 MACEK ET AL 1978A
%9 ATRAZINE 86 MORT2 49.00 50 A0 MACEK ET A 1978A
220 ATRAZINE T .86 MORT2 95.09 50 4) MACEK ET AL 1976A
221 ATRAZINE 8T £66S 0.00 327 MACEK ET AL 1976A
222 ATRAZINE BT £66S 65.00 400 MACEK £7 AL 1976A
223 ATRAZINE 87 £66S 120.00 389 MACEK ET AL 1976A
224 ATRAZINE 81 €665 . 240.00 437 MACEX ET AL 1976A
225 ATRAZINE 87 £66S 450.00 168 MACEK E7 AL 1976A
226 ATRAZINE 87 £665 720.00 . 259 MACEX ET-AL 1976A
" 227 ATRAZINE 81 HATCH 0.00 100 49 MACEK €7 AL 1976A
228 ATRAZINE ar HATCH 65.00 100 70 MACEK ET AL 1976A
229 ATRAZINE 87 HATCH ©120.00 100 30 MACEK ET AL 1976A
230 ATRAZINE BT HATCH 240.00° 110G 54 MACEK ET AL 1976A
231 ATRAZINE - BT HATCH 450.00 50 26 MACEK €T AL 1976A
232 ATRAZINE a1 HATCH 720.00 100 67 MACEK ET AL 1976A
233 ATRAZINE 87 MORT2 - 0.00 100 49 MACEX ET AL 19764
234 ATRAZINE 87 MORT2 65.00 100 58 MACEK €7 AL 1976A
235 ATRAZINE 87 MORT2 -120.00 100 60 MACEK FT AL 1976A
236 ATRAZINE 81 MORT2 240.00- 100 80 MACEK ET AL 19764
237 ATRAZINE 81 noat2 450.00 100 72 RACER €T AL 1976A
238 ATRAZINE BT MORT? 720.00 100 90 MACEK ET AL 1976A
T 239 ATRAZINE M " HATCH - 0.00 1800 642 MACEK ET AL 1976A
240 ATRAZINE N HATCH 15.00 1650 308 MACEK EY AL 1976A
241 ATRAZINE Fn HATCH 54.00 1550 254 MACEK ET AL 1976A
- 242 ATRAZINE n HATCH 112.00 2450 510 ralEK €T AL 1976A
243 ATRAZINE Fn HATCH 213.00 1600 369 MLCEK ET AL 1978A
244 ATRATINE 4] MORYY 0.00 30 2 MACEX ET AL 1976A
245 ATRAZINE 4] MORTY 15.00 3 S MACEX ET AL 1976A
246 ATRAZINE Fn MORT) 33.00 30 $ MACIX ET AL 19764
247 ATRAZINE [42] WORTY 54.00 30 [ MACEX ET A} :976h -
248 AJRAZINE 2] - MORTY 112,00 30 7 RACEK ET AL 1976A
249 ATRAZINE 2] MORTY 213.00 - 30 6 RACEK €T AL 1976A
250 ATRAZINE L] moR12 0.00 200 55 RACEK €T AL 1976A
251 ATRAZINE 2] MORTZ 15.00 240 no - MACEK ET AL 1976A
252 ATRAZINE Fu MORT2 . 54.00 160 72 MACEK E£T AL 19764
253 ATRAZINE Fn MORT2 1M2.00 240 n MACEK €T AL 1976A
254 ATRALINE 4] MORT?2 213.00 160 4 MACEK ET AL 1976A
255 BROMACIL n HATCH 0.00 200 16 CALL €T AL 1982
256 BROMAC]L 2. HATCH 1000.00 200 n CALL ET AL 1983
257 RAROMACIL Fn HATCH 1900.00 200 92 CALL ET AL 1983
258 BROMACIL 1) HATCH 4400.00 200 9 CALL ET AL 1982
259 BROMACIL 4] " HAICH 12000.00 200 - 90 CALL ET AL 1983
260 BROMACIL Fn HATCH 29000.7%0 200 1 CALL FT AL 1983
261 BROMACIL 4] MORT2 0.00 .60 Y CALL ET AL 1983
262 BROMACIL N MORT2 1063, 00 60 3 CALL ET AL 1983
263 BROMACIL N MOR12 1900.00 60 1 CALL ET AL 1983
- 264 BROMACIL 2] NORT2 4400.00 60 1 CALL ET AL 1983
265 BROMACIL 1] MOR12 12000.00 60 S . CALL LT AL 1983
26b BROMACIL m MORT2 29000.C0 50 ? CALL ET AL 1983
267 BROMACIL 2] © WEIGHT 0.00 0.47 CALL ET AL 1983
268 BROMACIL 1] WE 1GHT -1000.00 0.4) CALL €7 AL 1983
269 PROMACTL 13, WEIGHH 1900.00 0.42 CALL ET AL 1983
270 BROMACIL 2] WE 1GHT -4400.00 0.38 ET AL 1983
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271 BROMACIL FM. . WEIGHT 12000.00 L 0.37 CALL ET AL 1983
272 BROMACIL 1] WEIGHT 29000.00 0.33 CALL ET AL 1983
273 CAPTAN : 1] E66S 0.00 1853 HERMANUTZ ET AL 1973
274 CAPTAN FM - E66S 3.30 1024 HERMANUTZ ET AL 1973
275 CAPTAN N E66S 7.40 195 HERMANUTZ ET AL 1973
276 CAPTAN N £66S 16.80 422 HERMANUT2 ET AL 1973
217 CAPIAN n £66S 39.50 40 HERMANUTZ ET AL.1973
278 CAPTAN . 1] £66S . 53.50 HERMANUTZ ET AL 1973
219 CAPTAN (1] HATCH 0.00 1900 531 HERMANUTZ ET AL 1973
280 CAPTAN 1] HATCH 1.30 1350 k1Y) HERMANUTZ ET AL 1973 .
281 CAPTAN (1] HATCH .40, 1150 (RR] HERMANUTZ ET AL 1973
282 CAPTAN 2] HATCH 16.80 800 95 HERMANUTZ ET AL 1973
283 CAPTAN (1] MATCH 39.50 150 26 HERMANUTZ ET AL 1973
284 CAPYAN 2] HATCH $3.99 400 2% ) HERMANUTZ €Y AL 1973
285 CAPTAN  ~ 1] MORT 0.ro 30 1 NERMANUTZ ET AL 1973
286 CAPTAN 1] RORTY 3,30 30 } HERMANUTZ ET AL 1973
2087 CAPTAN N MORT 7.40 30 ‘0 ) HERMANUTZ ET AL 1973
288 CAPTAN - 1] MORT1 16.80 . 30 1 HERMANUTZ €T AL 1973
209 CAPTAN . (1] MORTY 39.50 30 7 HERMANUTZ ET AL 1973
290 CAPTAN m WORTY - 63.50 10 0 ) © MERMANUTZ ET AL 1973
291 CAPTAN FM . MORT2 6.00 320 93 : HERMANUTZ €T AL 1973
292 CAPTAM 1] no’t2 1.30 320 128 HERMANUTZ ET AL 1973
293 CAPTAM N RORT2 7.40 320 143 : HERMANUTZ ET AL 1973 .
294 CAPTAN ] MORT2 16.80 320 18 HERMANUTZ ET AL 1973
295 CAPTAN N MORT2 39.50 240 164 HERMANGTZ ET AL 1973
296 CAPTAN . (1 MORT2 61.50 320 320 © NERMANUTZ ET AL 1973
297 CARBARYL - M- - E66S 0.00 683 CARLSOM 1971
298 CaRBARYL . 1] £66S - 8.00 1070 CARLSON 19271
299 CARRARYL N £66S 17.00 624 CARLSON 1971 .
300 CARBARYL 1] E6AS 62.00 . 265 CARLSOMN 1971
301 CARBARYL Mmoo EeS 210.00 123 © CARLSON 1971
302 CARBARYL : B €638 . - $80.00 n CARLSON 1971
303 CARBARYL - R NATCH 10.00 - 1260 484 ) CARLSON 1971
204 "CARBARYL - N HATCH 8.00 1120 553 Co. CARLSOM 197
305 CARBARYL B 11 HATCH 17.00 1360 539 . CARLSOM 1971
306 CARBARYL . (13 HATCH 62.00 920 us CARLSON 197!
307 CamgaRYt n MATCH 210.00 1920 1268 CARLSON 197}
308 CARBARYL 1] HATCH 680.00 320 320 CARLSOM 197
309 CARBARYL - Mmoo moR12 0.00 100 8 : CARLECN YO
310 CARBARYL 1] noR12 8.00 100 54 CARLSON 1971
317 CARBARYL m WORT2 17.00 100 18 CARLSON 197}
312 CARBARYL " MORT2 62.00 100 3 CARLSON 197}
313 CARBARYL 1] noRY2 210.00 100 1 CARLSOMN » *71
314 CARBARYL (1] noR12 680.00 . 190 60 CARLSON 17
315 CARBARYL 1] noR14 0.00 20 ) CARLSON 197
316 CARBARYL - 1] noRt4 8.00 20 ? CARLSON 197
317 CARBARYL m neie 11.00 20 4 CARLEOK 1971
318 CASBARYL 1] noRT4 62.00 20 4 CARLSON 1910
319 CALBARYL. 1] noRT4 210.00 20 ? CARLSOM 1971
320 CARBARYL m NORT4 680.00 20 10 CARLSON 1970 -
- 2 €o. . 87 £66S 0.06 502 BENOLT ET AL 1976
¢ 322 CO ' : 81 £665 0.50 244 BEMOLT T AL 1978
. 323°¢C0 81 ‘£665 0.90 454 BENOLT ET AL 1976
1.70 260 BENOIT ET AL 1976

324 CO 81 £66S
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08S CHEMICAL SPECIES PARAM DOSE NTESTED RESPONSE EGES  WEIGHT SOURCE -
: 325¢0 . )| £6ES 3.40 98 ) BENOLT ET AL 1976
326 €0 . B ) MORTY 0.06 ~ 5 [\ BENOIT ET AL 1976
: 321 €0 <. BT MORT1 0.50 10 0 BENOLT ET AL 1376
: 28 0 . . 87 MORTI 0.85 -~ 10 0 BENOIT €7 AL 1976
.. 329 ¢co | . 871 MORT) 1.65 10 0 BENOIT ET AL 1976
330 €O . 81 MORTI- 3.40 0 s BENOIT ET AL 1976
33) CD . 8y MORT) 6.35 10 10 BIHCIT ET AL 1976
332 €0 . 81 WEIGHT 0.06 3.63 BENOLT ET AL 1976
333 €0 87 WEIGHT 0.50 3.32 BENOIT €T AL 1976
334 (O . - 8T WEIGHT 0.30 3.42 BENOIT ET AL 1976
335 €0 . 81 WEIGHT 1.70 3.81 BENOIT €7 AL 1976
336 €O . 81 WE1GHT 3.40 . 1.80 BENOIT €T AL 1976
331 €0 ) FF £66S 0.00 : 1086 © CARLSOW ET AL 1982
338 €0 fF - E6GS - 1,80 912 . CARLSON ET AL 1982
LU 339 €0 - . FF £665 3.10 - 890 © CARLSON £T AL 1982
SR 40 €0 - . - F €663 1.50 ’ 836 CARLSON €1 AL 1982
34) €D . FF £665 15.00 23 CARLSOM ET AL 1982
342 €D FF JORTY 0.00° - 4 \ © CARLSOM ET AL 1982
343 CD FF MORTY 1.80 14 2 ' CARLSON E7 AL 1982
344 €D R 1 moAT) 3.10 16 Y CARLSOM £V AL 1982
345 €O . FF WORT) 1.50 " 0 CARLSON ET AL 1982
346 (D . FF nOR1Y 15.00 8 6 CARLSON €7 AL 1982
347 €O i FF MORTH 30.00 1 1 CARLSON ET AL 1982
348 €D i FF. nORY2 0.9 40 ) CARLSOM ET AL 1982
349 (0 LT FF MORT2 1.80 40 3 CARLSON ET AL 1982
350 (0 FF MORT2 30 40 3 CARLSON ET AL 1982
351 €D FF MORT2 1.0 4 4 CARLSOW £T AL 1982
352 €D FF mOR12 15.00 n 2 . CARLSOM £1 AL 1982
353 €0 FF WE I GHT 0.00 17.40 CARLSOM ET AL 1982
354 €O FF WE 1641 1.80 25.30 CARLSOM E7 AL 1982
355 €0 11 wElGnT 3.10 . 22.70 CARLSON ET AL 1982
356 €0 T FF WE1GHT 1.50 - 30.50 CARLSOM ET AL 1982
357 CD FF WEIGHT 15.00 " 17.50 CARLSOM ET AL 1982
3%8 €0 ) 86 RATCH 2..) 300 e EATON 1974
359 ¢0 .. 86 MATCH 31.00 100 7 . EATON 1974
360 €D . B6 . - HATCH 80.00 550 1 ’ EATON 1974
36) €O . .86 HATCH 239.00 150 54 EATON 1974
362 €D . 86 HATCH 2140.00 100 20 EATON 1974
383 €0 ) .. Be AORTY 2.3 18 .0 EATON 1974
364 (D . 86 noat) 31.00 19 0 : EATON 1974
365 €O 86 MORT 1 80.00 18 L] EATON 1974
366 CO ’ . B& NORT) 239.00 18 13 EATON 1974
w1 €O . . 86 WORTY 151.00 18 18 EATON 1974
368 €0 .. .86 moRT) 2140.00 18 19 EATON 1974
. 369 D . 86 NOR12 2.3 100 r} EATON 1974
- 310 €O 86 MORT2 3N.000 - 100 40 EATON 1974
. 3N 86 noR12 80.00 120 30 ) EATON 1974
312 € .86 MORT2 239.00 100 100 EATON 1974
33 ¢ 86 . WEIGHT 2.30 . : 0.40 EATON 1974
374 €O 86 WE1GHT 31.00 0.54 EATON 1974
315 €O ' 86 W 1641 80.00 0.0) EATON 1974
376 €0 . 86 WE[GHT 239.00 0.00 EATON 1974 :
S11 €0 - ] t66s - 1.00 1L 1Y:] PICKERING AND GAS) 1972
1.80 1704 PICKERING AND GAS1 1972

318 €O - (1] €665
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08S CHEMICAL ’ SPECIES PARAM DGSE NTESTED RESPONSE EGGS  WEIGHT SOURCE

3719 C0 - ] : © FM E6RS 14.00 4606 © PICKERING AND GAST 1972
380 €O . (1] {663 21.00 1448 PICKERING AND GAST 1972

381 €D M £6CS . 81.00 952 . PICKERING AND GAST 1972

382 (0 FR £66S 110.00 ‘ 403 PICKERING AND GAST 1972

383 C0 ) " HATCH 1.00 100 L . PICKERING AND GAST 1972

384 (D . . 3] HATCH 1.80 100 4 ) PICKERING AND GAST 1972

385 (D . ’ 13 HATCH 14.00 100 . 5 PICKERING AND GASY 1972

386 €0 7 ) (1] NATCH 27.00 - 100 B Y .o PICKERING AND GAST 1972

agr o T FM HATCH 51.00 . 100 22 PICKERING ANO GAST 1972

388 €D - Fn MORTY 1.00 80 L PICKERING AND GAST 1972

389 €D m MORT1 1.80 80 25 PICKERING AND GAS1 1972

390 €0 - FM - MORT) 14.00 © 80 . N . PICKERING AND GAST 1972

391 €D ’ a " MORT} 21.00 80 30 PICKERING AND GAST 1972

392 (1 1 MoRT) 57.00 80 30 PICKERING AND GAST 1972

393 30 i " MORT1 110.0C 80 66 . PICKERING AND GAST 1972

334 €0 n WoRT2 . 1.20 50 11 PICKERING AMO GAST 1972

395 €D ] 1] MORT2 6.80 50 17 . PICKERING AND GAST 1972 .

396 CD R R MORT2 15.00 50 2 PICKERING AND GAST 1972

397 €0 M mMORT2 29.00 50 25 PICKERING ANO GAST 1972

390 €O 3] MORT2 $7.00 50 16 PICKERING AND GAST 1972
. 299 €D TOEM WORT2 10,00 . S0 22 PICKERING AND GAST 1972

400 €D ) 8f MORT2 0.00 400 0 SAUTER ET AL 1976 .

401 €0 ) 87 nwoR12 1.00 . 400 - 108 SAUTER £T AL 1976

402 CD - . - 87 MORT2 3.00 400 - 82 SAUTER E1 AL 1976

403 €D Toer MORT2 6.00 400 243 . i SAUTER €T AL 1976

404 CD 8T . wRT12 10.00 400 320 SAUTER ET AL 1976

405 €0 - 81 moRT2 24.00 400 . 382 ) SAUTER ET AL 1976

406 CD . 8T . moR12 42.00 ° 400 - 392 SAUTER ET.AL 1976.

407 €D . (1] WETGHT ©0.00 - - - : . 0.24 SAUTER ET AL 1976

408 €0 at WE 1 GHT -1.00 0.23 SAUTER €1 AL 1918

409 €O ) S 3 3.00 0.19 SAUTER ET AL 1976

410 €O . . . 8T WEIGHT. 6.00 . 0.14 SAUTER ET AL 1976

411 €D ] 8T welGnT 10.00 0.13 SAUTER ET AL 1976

412 ¢0 .ooer  WETGHT 24.00 - 0.14 SAUTER £7 AL 1976
Tav3c0 1] WE 1GHT . 41.00 0.13 SAUTER €7 AL 1976

414 €D FF £665 0.1 . 665 SPEUAR 1976

Qs co 13 €66S 0.i1 168 SFEMAR 1976

416 CD : FF €665 . 4.0 660 SPEHAR 1976

417 €0 11 £665 : 8.10 203 SPEHAR 1976

418 CD " FF £66S 16.00 50 SPEHAR 1976 .

419 ¢ F 1665 - 31.00 0 ' SPEHAR 1976

<20 CD |4 2 HATCH ) o.M 40 4 SPEHAR 19786

421 €D FF HATCH 1.10 40 14 ‘SPEHAR 1976

422 C0 1 HATCH 4.10 40 1 SPEMAR 1976

423 €0 . FF HATCH 8.10 0 e SPEHAR 1976

424 €0 : F HATCH 16.00 [T . 13 . SPEMAR 197%

425.CD 113 NORT) o.n 60 2 SPEHAR 1976

426 €0 FF MORTY V.10 60 } SPEHAR 1976

421 €0 117 WOR 1Y ‘410 80 Y SPEHAR 1976

4208 €0 §F MORTY 8.10 80 T8 SPEHAR '97¢

429 ¢0 . 2] noR11 1600 60 . 4 SPEHAR 1976

430 €D . FF mORTI 31.00 40 36 SPEHAR 1976

431 CHLORAMINE . EN MORT) 0.00 0 3 ARTHUR AND ‘EATON 1971

6.

432 CHLORAMINE N mORTY 60 10. 1 ARTHUR ANOD EATON 1971
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433 CHLORAMINE CFM MORT1 16.00 10" 0 ARTHUR AND EATON 1971
434 CHLORAMINE 2] MORT? 42.00 10 0 ARTHUR AND FATON 1971
435 CHLORAMINE 7] MORT: 85.00 10 ] ARTHUR SND EATON 371
436 CHLORAMINE FN MORT) 154.00 10 10 ARTHUR AND EATON 1971
437 CHLORAMINE " MORT2 0.00 49 " ARTHUR AND EATON 197)
438 CHLORAMINE M MORT2 - 3.80 .“ 1 "ARTHUR AND £ATOM 1971
439 CHLORAMINE 2 HORT2 11.00 34 8 ARTHUR AND EATON 1971
440 CHLOKAMINE 3] MORT2 40.0G N 12 ARTHUR AND EATON 19N
441 CHLORAMINE Fn MORT2 108.00 24 15 ARTHUR AND EATON 19N
442 CHLORDANE 86 £66S 0.00 136 CAROWELL ET AL 1977
443 CHLORDANE BE £66S 0.25 1979 CARDWELL ET AL 1977
444 CHULORDANE 86 £66S 0.54 2158 CARDWELL ET AL 1977
445 CHLORDANE 86 £66S V.22 M CARDWELL ET AL 1977
446 CHLORDANE " 'B6 £66S 2.20 0 CARCWELL ET AL 1977
AAT CHLORDAME 86 . €685 B 0 CARDWELL ET AL 1977
448 CHLORDANE " Ba MORTI 0.00 40 4 CARDWELL ET AL 1977
449 CHLORDANE 86 MORTY 0.25 40 1 CAROWELL ET AL 1977
450 [HLORDANE 86 MORTY 0.54 0 5 CARDWELL ET AL 1977
451 CHLORDANE ‘b6 MORT) R 40 1 CARDWELL ET AL 1977
452 CHLOROANE 86 oRTY 2.20 .40 1 . CARDMELL ET AL 1977
453 CHLORDANE 86 MORTY 5.17 40 27 CARDWELL ET AL 1977
454 CHLORDANE 81 £66S 0.00 190 CARDWELL ET AL 1977
455 CHLORDANE 8T . €665 0.32 2N CARDWELL ET AL 1977
456 CHLORDANE | 87 £66S .0.66 184 CARDWELL ET AL 1977
457 CHLORDANE 81 €663 1.29 92 CAROWELL ET AL 1977
458 CHLORDANE BY £66S 2.2t 38 CARDWLLL €T AL 1977
459 CHLORDANE .87 €665 5.80 1% CARDWELL ET AL 377
460 CHLOROANE 81 HATCH 0.00 450 37 CARDMELL ET AL 2977
461 CHLORDANE 8T HATCH 0.32 300 121 - CARDWELL ET AL 1977

462 CaiCR0AME BY HATCM 0.66 50 5 CARDWELL ET AL 1977
463 CHLORDANE 81 MATCA .29 50 13 CARDWS 'L ET AL 1977
464 CHLORDANE - 87 uATCH . 0 CARDWELL ET AL 1977
465 CHLORDANE 8Y HATCH 5.80 0 [} CARDWELL ET AL 1977
466 CHLORDANE 18 nORT} 0.0 18 3 CARDWELL ET AL 1977
467 CHLORDANE L1 MORTY 0.32 18 a CARDWELL ET AL 1977
468 CHLORDANE 81 WORTY 0.66 1) 2 CARDWELL E£T AL 197
469 CHLORDANE _BY MORTY V.29 I 3 CARDWELL ET AL 1977
470 CHLOROANE 87 MWORT) 2.1 1) 13 CARGWELL ET AL 1977
470 CHLCRDANE 8T NORT) 5.80 12 12 CANDWELL L7 AL 1977
472 CHLORDANE 87 WE L GHT 0.9 : 0.6) CARDWELL ET AL 1977
411 CHLORDANE aY WELGHT 0.32 0.91 CAROWELL €T AL 1977
474 CHLORDANE 87 WEIGHT 0.66 0.80 CAROWELL €T AL 1977
415 CMLORDANE 87 WE [6HT S 1,29 .0.85 CARDWELL ET AL 1977
47b CHLORDANE ) WE1GHT 2. CARDWELL ET AL 1977
477 CHLORDANE 81 WE1GHT 5.80 CAROWELL ET AL 1977
418 CN AS HATCH 0.00 182 M3 LEDUC 1978
479 (N *AS HATCH 10.00 (11} PH! LEDUC 1978
480 CN AS HATCH 20.00 918 L1 LEOUL 1978
481 Cn AS HATCH 40.00 104} 39 ©LEDUC 1918
482 CM AS HATCH 80.00 1012 399 LEDUC 1978

. 483 (N ‘AS HATCH 100.00 978 631 LEOUC 1978

484 CN - AS MORT2 0.00 200 26 LEDUC 1978
485 (N AS nOR12 10.00 100 3 LEDUC 1978
486 (N AS WOR12 20.00 100 2 LEOUC 1378

I
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08S CHEMICAL SPECIES PARAM , DOSE NTESTED RESPONSE EGGS ~ WEIGHT SOURCE
481 - AS BORT2 40.00 100 2 LEDUC 1978
488 °N , AS NORT2 80.00 100 5 LEDUC 1978
489 (N ) AS MORT2 - 100.09 100 2o LEDUC 1978
490 CN AS ' WEIGHT 0.00 14.80 LEDUC 1978
431 N AS WEIGHT - 10.00 . 16.20 LEDUC 1978
492 CN AS WEIGHT 20.00 17.20 LEDUC 1978
433 CN . _AS WEIGHT 40.00 16.90 LEOUC 1978
494 CN AS WEIGHT 80.00 15.50 LEDUC 1978
495 CN : AS WEIGHT 100.00 - 13.60 LEDUC 1978
- 496 TN o 86 £66S 0.c0 62 “SMUTH €T AL 1979
49) CN _ . 86 £66S 5.20 0 SKITH ET AL 1979
498 CN 86 £66S 9.80 0 SMITH ET AL 1979
439 K , 86 £66S 20.50 0 SMITH ET AL 1979
500 ¢ o 86 £66S 30.00 0 SMITH £7 AL 1979
501 CN S 86 . E66S 33.10 0 SMITH ET AL 1979
502 CN : 86 - E66S $0.20 0 SMLTH ET AL 1979
503 CN : . B6 £66S 65.60 0 SMITH £7 AL 1979
504 CM ‘ s £66S 80.00 . 0 SM1TH ET AL 1979
505 CN : 86 MORT} 0.00 30 0 . SMITH ET7 AL 1979
506 CN 86 MORT) 5.20 15 0 SMEITH ET AL 1979
S07 CN .86 . MORTY 9.80 15 0 SMITH ET AL 1979
$08 (N : -~ B6 T MORT) 20.50 15 | SAITH E7 AL 1979
509 N . 86 MORTY 30.00 15 \ SALTH E£T AL 1979
- 510 CH 86 MORT) 39.70 15 2 SMITH ET AL 1979
© 511 CM : . 86 MORYY $0.20 15 1 SMITH €T AL 1979
512 (N T B6 NORT) 55.60 18 1 SMITH ET AL 1979
s13 e - ©8e - MORT) .80.00 15 9 SMITH ET AL 1979
514 CN - 81 WR12 . . 000 © & 1 SHITH €T AL 1979
515 CN : BT~ "WORT2 - 5.60 40 ] SHITH E7.AL 1979
516 CN ' 87 MORY 11.30 40 0 SMITH ET AL 1979
517 (e - . BT .7 MORT2 21.85 40 2 SMITH ET AL 1979
518 CW 87 - MORT2 33,300 40 0 SMITH ET AL 1979
sS1I9 e - - CBT. L MORT2 T T 43.55 . 40 0 SHITH €T AL 1979
s20Cw - " - - BT " MORT2 . 55.30 40 . 6 SMITH ET AL 1979
521 CH T | MORT2 67.15 40 n SMITH ET AL 1979
S22 CN 87 MORT2 o120 40 20 SHITH ET AL 1979
- 523 LW C " £66S . 0.00 % SHITH ET AL 1979
524 CN ) ' 1] 665 . 5.R0 ’ %12 SHLTH ET AL 1979
525 CN . _ . Fn £66S 12.93 1845 SMLTH ET AL 1979
526 (N L] £66S. 19.60 - 1467 - SHITH ET AL 1979
527 CN : 1] €663 21.20 . 1366 SMLIH ET AL 1979
528 (N v ) £66S 35.80 1009 SMITH T AL 1979
s29 CN . , 1] €665 44.20 : 1124 SMITH €T AL 1979
$30 L) £663 83.50 , CT2 SMITH ET AL 1979
$31 Cw ] £66S 12.80 ‘ ‘ 1T © SMITH ET AL 1979 .
532 CN n [66s 80.60 ’ 42 SMITH ET AL 1979
533 N N M E66S T 96.10° S 0 - SMITM E7 ML 1979
534 CN » . £66S 105.40 0 : SMITH ET AL 1973
535 CH . " HATCH 0.00 290 n SHITH €T AL 1979
536 C . 1] HATCH 5.80 - 100 39 © SMLTH ET AL 1979
$37 CN N HATCH 12.90 ° 100 1) . SMITH ET AL 1979
538 CN- FH HATCH 19.60 100 44 SMITH ET AL 1979
539 (W Cm HATCH 2130 100 61 SMLTH €1 AL 1979

540 Cn 1 ) HATCH 35.80 - 100 50 ) SMLIM ET AL 1979




183 - " ORNL-625

Table B.1 (Continued)

08S CHEMICAL SPECIES PARM . DOSE NTESTED RESPONSE EGGS  WEIGHT SOURCE

© 541 C ; u HATCH 44.20 00 81 SMITH ET AL 1319
sa2CN . (] HATCH 63.50 100 19 SMITH ET AL 1979

S43 (N Fu HATCH 72.€0 100 8y - SKITH ET AL 1979

544 CN . 3] HATCH 80.60 100 90 SMITH ET AL 1979

545 CN 2] HATCH 96.10 100 100 _ SMITH ET AL 1979

546 CN M HATCH . 105.40 100 100 SHLTH ET AL 1979

s47 Cn - u MORT) 0.00 - 240 88 SHITH ET AL 1979
548 (N - A WORT} 5.90 80 T SATTH ET AL 1979
549 CN u WORT) 11.40 - 80 n SMITH ET AL 1979

S50 N . - - FM MORTI 17.90 80 .33 SHITH ET AL 1379

551 (N ©EM MORT) 24.70 30 39 SHITH ET AL 1979

552 CN . EM MORT) 32.80 80 43 SMITH ET AL 1979

5531 CN ] MORT} 40.50 30 . 3 SMITH ET AL 1979
554 CN . . M moRTL 57.50 80 2 <. SMIWH ET AL 1979
SSscM . . - FM MORT} 66.80 80 ‘46 SMITH ET AL 1979

556 CN - . - C M MORT) 75.30 80 59 SHITH ET AL 1979
557 CN : PN mORTY 88.90 80 68 SHITH ET AL 1979

558 CN Fn noRT! 98.10 20 n SHITH ET AL 1979

ssg Cw n WE 1GHT 0.00 0.29 SMITH £7 AL 1919

560 CM n WE1GHT 5.90 0.20 SMITH ET AL 1979

561 CN : FM O WEIGHT . 11.40 0.27 SNITH ET AL 1979

562 CN (1] WE1GHT 17.90 0.27 SMITH ET AL 1819

563 CN 2 ] WE1GHT 26,70 0.30 SMITH ET AL 1979

564 CH M WE1GHT 32.80 0.38 SHI(H ET AL 1979
S6SCN - - . .. FM WE16H) 40.50 0.27 SMITH ET AL 1978

566 CN ] WEIGHT 51.50 0.19 SMITH €T AL 1919

ser e . .M WEIGHT 66.80 0.22 SHITH E7 AL 1979

S68 (N~ - fn wElGYT "15.30 0.26-SMITH ET AL 1973

67 CN : n WEIGHT 88.90 0.20 SMITH ET AL 1979
510 o8 . FR WEIGHT 38,10 . : A 6.19 SWITH ET AL 1979

571 CNS04 CHS  HATCH 0.00 . 267 53 - KAZCL AMD MEITH 1970
512 CNSO4 “CHS HATCH 21.00 M 0 WAZEL AND MEITH 1970
573 CNSO4 CHS HATCH 40.00 387 o5 HAZEL AND MEITH 1970
514 CNSOA . T CHS ¢ HATCH 80.00 404 % : HAZEL AND MEITH 97
515 CNSDA - CHS  MORT2 0.00 214 4 HAZE. AND MCITH 1970
576 CNSO4 CHs MORT2 21.00 286 % HAZEL AND MELTH 1970
517 CHSO4 CHS  MORT2 40.00 292 . 218 MAZEL AMD MEITH 1970
518 CNSOA tHS  WRT2 .00 34 N4 HAZEL AND WEITH 1970 -
579 CNSOM. CHS  WEIGHT . 0.00 0.38 HAZEL AND MEITH 1970
580 CNSO4 - CHS  NElGHT 21.00 0.33 HAZEL AND MEITH 1970
- 481 CNSO4 CHS  WELGHT 40.00 0.30 HAZEL AND MELTH 1970
582 CHSO4 : CHS  WEIGHT 80.00 0.00 HAZLL AND MEITH 1970
583 (R : F% . HATCH 0.00 528 26 PICKERING 1980

584 (R . Fu HATCH 18.00  s47 22 . PICKERING 1980

cas fp . .. n HATULH 66.00 364 25 PICKERING 1980

586 (R . 2] HATCH 260.00 525 4 PICKERING 1980

587 (R o 1] MATCH 1000.00 600 30 PICKERING 1980

588 (R : FA HATCH 3950.00 135 9 PICKERING 1980

589 (R _ PN MORT) 0.00 35 0 PICKERING 1980
590 CR ' " MoRTI 18.00 . 3$ 1 PICKCRING 1980

9t cm - . A HORT} 66.00 3. 1 PICKERIKG 1960

592 (R : N noRy! 260.00 35 s PICKERING 1980

$93 (2 A . MORT) 1000.00 35 2 PICKERING 1980

3950.00 38 22 PICKERING 1980

594 .CR - N RORT)
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595 CR . FM MORT?2 0.00 50 14 PICKERING 1980
- 536 CR . L] MORT2 18.00 50 10 N PICKERING 1980 -
597 CR M MORT2 66.00 50 9 PICKERING 1980
598 CR Fu MORT2 260.00 50 3. . PICXERING 1980
599 (R~ (1.} MORT?2 .. 1000.00 50 1 .~ PICKERING 1980
600 CR Fu MORT2 3950.00 50 44 PICKERING 1980
601 CR 86 WEIGHT 0.00 0.30 SAUTER ET AL 1976
602 CR ’ B6 WEIGHT 57.00 0.29 SAUTER E7 AL 1976
603 CR 86 WEIGRT 10.00 0.25 SAUTER £T AL 1976
604 CR " B6 WEIGHT 140.00 0.29 SAUTER ET AL 1976
605. CR 86 WEIGHT 265.00 0.20 SAUTER ET AL 1976
606 CR BG - WEIGHT 522.00 0.24 SAUTER ET AL 1976
6C? CR : . B6 - WEIGHT 1122.00 0.13 SAUTER ET AL 1976
608 CR . cc WEIGHT 0.00 0.33 SAUTER ET AL 1976
609 CR - cc WEIGHT 39.00 0.33 SAUTER ET AL 1976
610 CR - . B 5o WEIGHT 13.00 0.34 SAUTER ET AL 1976
611 CR . cC WEIGHT 150.00 0.27 SAUTER ET AL 1976
. 612 CR cc WEIGHT 305.00 0.23 SAUTER ET AL 1976
613 CR . cc WEIGHT 570.00 0.12 SAUTER ET AL 1976
614 CR . . € WEIGHT . 1290.00 0.00 SAUTER ET AL 1976
615 CR . LT WEIGHT - 9.00 0.21 SAUTER ET AL 1976
616 CR LT WEIGHT 1400.00 ° 0.09 SAUTER ET AL 1976
617 CR : 151 WEIGHT 2900.00 0.09 SALIER ET AL 1976
618 CR . L7 WEIGHT 6000.00 0.06 SAUTER ET AL 1976
619 CR LY WEIGHT 11600.00 0.09 SAUTER ET AL 1976
620 (R, AT WE 1GHT 24400.00 0.00. SAUTER ET AL 1976
621 CR.. LT WEIGHT 507C3C.00 0.00 SAUTER ET AL 1976
622 CR = ' vp WEIGHT 0.00 - 1.03 SAUTER ET AL 1976
623 CR ’ NP - WEIGHT 123.00 0.88 SAUTEK ET AL 1976
624 CR . NP WEIGHT 290.00 1.47 SAUTER €T AL 1976
625 CR NP WEIGHT 538.00 0.76 SAUTER ET AL 1976
626 CR NP WEIGHY 963.00 0.44 SAUTER ET AL 1976
627 (R ’ . NP WEIGHT 1975.00 . 0.34 SAUTER €T AL 1976
6206 CR- . RT HATCH 0.00 400 94 SAUTER ET AL 1976
629 CR o RY . HATCH 1600.00 400 - 12 SAUTER ET AL 1976
630 CR - “RT HATCH 3200.00 400 126 SAUTER ET AL 1976
631 (R RY HATCH 6100.00 400 164 SAUTER €T AL 1976
632 CR RT HATCH 12200.00 400 338 . SAUTER ET AL 1976
$33 (R RT HATCH . 26700.00 400 400- SAUTER ET AL 1976
. 634 (R RT HATCH 49700.00 400 400 SAUTER ET AL 1976
635 CR RY MORT2 0.00 200 21 SAUTER ET AL 1976
636 CR RT MORT? 1600.00 200 186 ) SAUTER ET AL 1976
637 (R . . RT MORTZ . 3200.00 200 200 SAUTER ET AL 1976
638 (R : RY MORT2 . 6100.00 . 200 © - 200 SAUTIR ET AL 1976 -
639 CR - RY MORT2 12200.00 200 200 SAUTER ET AL 1976
640 CR : RT - MORT2 26700.00 200 - 200 SAUTER ET AL 1976
641 (R RY MORT2 49700.00 200 200. SAUTER ET AL 1976
642 CR . R WE1GHT 0.00 0.47 SAUTER ET AL 1976
543 (R T “RT WEIGHT 1600.00 0.25 SAUTER ET AL 1976
644 CR ’ RT WEIGHT 3200.00 0.00 SAUTER ET AL 1976
645 CR RT WEIGHT 6100.00 0.00 SAUTER ET AL 1976
646 CR ‘ : RT WEIGHT 12200.00 0.00 SAUTER €7 AL 1976
647 CR : RT WIIGHT 26700.00 0.00 SAUTER ET AL 1976
0.00 SAUTER ET AL 1976

648 (R o RT WEIGHT 49700.00
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. 649 (R ws WEIGHT 0.00 0.24 SAUTER ET AL 1976
650 CR WS WEIGHT 123.00 © 0.19 SAUTERET AL 1976
651 CR WS WEIGHT 290.00 0.22 SAUTER ET AL 1976
652 CR WS WEIGHT $38.00 . 0.17 SAUTER ET AL.1976
653 CR WS WEIGHT T 963.00 ) : 0.1Y SAUTER ET AL 1976
- 654 CR - WS WEIGHT 1975.00 0 UTER ET AL 1976
655 CR RT HATCH 0.00 267 4 . TEVENS AND CHAPMAN 1984
656 CR RT HATCH 9.00 146 3 STEVENS AND CHAPMAN 1984
.. 657 CR RT HATCH 13.00 141 1 STEVENS AND CHAPMAN 1984
. 658 (R /Y HATCH 13.00 - ae 4 STEVENS AND CHAPMAN 1984
659 CR RY- HATCH 30.00 . 124 3 STEVENS AND CHAPMAN 1984
660 CR RT " HATCH 48.00 236 3 STEVENS AND CHAPMAY 1984
661 CR RT HATCH 89.00 140 18 STEVENS AND CHAPMAN 1984
662 CR . RT HATCH 157.06 137 n : STEVENS AND CHAPMAN 1984
663 (R RY HATCH 211.00 145 iE)] STEVENS AND CHAPMAN 1984
o064 CR RT HATCH 495.00 139 139 STEVENS AND CHAPMAN 1984
665 CR RT ‘RORT2 0.00 . 243 10 STEVENS ANO CHAPMANM 1984
666 CR- RT MORT2 9.00 143 13} STEVENS AND CHAPMAN 1584
667 CR RT MORT2 ©13.00 149 10 STEVENS AND CHAPMAN 1984
668 CR RY MORT2 19.00 142 6 STEVENS AND CHAPMAN 1384
-669 CR ' R MORT2 30.00 (k) 12 STEVENS AND CHAPMAN 1984
670 CR - RT MORT?2 48.00 133 12 STEVENS AND CHAPMAN 1984
671 CR RT MORT2 89.00 122 2 STEVENS AND CHAPMAN 1984
672.CR . RY MORT2 157.00 60 7 STEVENS AND CHAPMAN 1984
673 C2 | : RT MORT2 211.00 4 1 STEVEMS AND CHAPMAN 1984
674 CR RT MORT2 495.00 0 0 STEVENS AND CHAPMAN 1984
675 CR RT WE1GHT 0.00 0.35 STEVENS AND CHAPMAN 1984
676 .CR - RT WEIGHT 9.00 0.33 STEVENS AND CHAPMAN 1964
677 CR RT WEIGHT 13.00 0.32 STEVENS AND CHAPMAN 1984
678 CR RT WELGHT 19.00 0.38 STEVENS ANO CHAPMAN 1984
6719 CR RT WEIGHT 30.00 0.31 STEVENS AND CHAPMAN 1984
680 CR . RT WEIGHT 48.00 0.30 STEVENS AND CHAPMAN 1984
681 CR ) RT WEIGHT 89.00 0.31 STEVENS AND CHAPMAN 1984
682 (R . RT WEIBHT 157.00 0.32 STEVENS AND CHAPMAN 1984
683 CR . RT WEIGHT 21.00 0.28 STEVENS AND CHAPMAN 1984
684 CR RT WE IGHT 495.00 STEVENS AND CHAPMAN 1984
685 Cu 86 E6GS 3.00 51906 BENOIT 1975 .
586 CU 1] £6635 12.00 46953 BENOIT 1975
687 CU X 86 - 21.00 - 25354 BENOIT 1975
688 Cu , 86 £66S 40.00 440 BENOLT 1978
689 Cu 86 E66S 17.00 33300 BEMOLIT 1975
690 Cu 86 £6GS 162.00 0 BENMOIT 1975
691 Cu . . B& MORT) 3.00 20 1 BENOIT 1975
692 CU 86 MORT1 12.00 20 1 BENOLT 1975
693 cU , - B6 MORTI 21.00 20 1 BENOIT 1975
694 CU B6 MORTY 40.00 20 1 BEMOIT 1975
695 CU . 86 MORTI 11.00 20 4 BENOIT 1975
696 CU . . 86 MWORT)Y 162.00 20 12 BENOLT 1975
697 Cu . B6 MORT2 3.00 100 61 BENOIT 1975
698 CU - 86 MORT2 12.00 100 51 BENOLT 1975
699 CU 86 MORT2 21.00 100 56 ' BENOIT 1975
700 cu . 86 MORT2 40.00 100 83 BENOIT 1975
70V €U ’ 86 RORT2 11.00 100 9) BENDIY 1975

702 Cu 86 MORT2 162.00 100 100 - BENOIT 1975
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703 Cu 8T, €665 1.90 ’ aze - MCKIM AND BENMOIT 1971

704 Cu BT £66S 3.40 364 MCKIM AND BENOIT 197

708 Cu 14 £66S 5.70 296 MCKIM AMD BENOIT 1971

706 CU- . Bl © EBGS 9.50 209 MCKIM AMD BENOIT 19N ;

107 Cu . 81 £66S 17.40 ) ns MCKIM AND BEWOIT 1971 i

708 Cu 81 | £66S 32.50 158 MCKIMW AND BENOIT 1971 ;

09 ¢v - - 8T HATCH 1.90 200 38 MCKIM AND BENOIT 1971 .

AL . - 8T HATCH 240 200 oo . MCKIN AND BENOIT 197

LA RAY) 87 HATCH 5.70 200 - 30 MCKIN AND BENOIT 197)

nz cv . -2} HATCH 9.50 200 4 MCKIM AND BENCIT 1971

NI w 8T HATCH “17.40 200 10 MCKIM AND BENOIT 1971

N4 Cu BT  HAICM 32.50 200 148 MCKIM ANO BENOIT 1971

ns <u . 87 MORTY 1.90 14 1 MCKIM AND BENOLIT 197)

716 CU 87 MORTI 5.70 14 4 MCKIM AND BENQLIT 19N

11 cu 87 MORTI: "9.50 28 4 MCXIM AND BENOIT 1971
-8 Cu B7 MORTY | 17.40 4 3 MCKIN AND BENOIT 1971
RERAL Y] 1] MORTY - 32.50 4 B MCKIA AND BENOIT 1970 |
- 120 CU 81 T MORT2 1.90 50 4 MCKIA AMO BENOLT 1970
S 721 QU e 87 © MORT2 3.40 50 4 MCKIM AND BENOIT 1970

122 Cu ' 8T MORT2 5.70 50 10 MCKIM AND BENOIT 1970

723 0V . 81 MORT2 9.50 50 n .+ MCKIM AND BENOLIT 19N

T24 CU 87 MORT2 17.40 50 50 MCKIN ANC BENOLIT 1371

725 Cu BY WORT2 32.50 50 50 © MCKINM AND BENOIT 197

726 Cu 1] £66S 4.4 . 504 MOUNT AND STEPHAN 1969

727 CU (2. £66S - 5.00 148 MOUNT AND STEPHAN 1969

728 €Y (3] £66S 1.10 186 . PMOUNT ANC STEPHAN 1969

729 CU L1 E66S 10.60 .. 166 MOUNT AND STEPHAN 1969

730 Cu : 2] €665 18.40 . .0 MOUNT AND STEPHAN 1969
1IN Cu . Fn HATCH _4.40 . 250 8L ) MOUNT AND STEPHAN 1969
132 QY . A HATCH 5.00 500 118 ROUNT AND STEPHAM 1963

133 Cu . 2] HATCH 1.10 400 212 MOUNT AND STEPHAM 1969

734 Cu n _HATCH 10.60 - 650 195 WOUNT AND STEPHAN 1969

735 Y 4] MORTY 4.40 40 8 o MOUMT AND STEPHAM 1969

136 CU 2] KORT) 5.00 40 2 ’ MOUNT AND STEPHAN 1969

7371 Cu 4] MORT 1.19 40 4 MOUNT AND STEPHAN 1969

738 CV ) 4] MORTI 10.60 40 [ MOUNT AND STEPHAN 1969

779 Cu 2] MORT 18.40 40 20 MOUNT AND STEPHAN 1969

140 CU 2] MOKT2 4.40 S0 'y ) MOUNT AND STEPHAN 1969

141 Cy (2] MORT? $.00 50 .3 MOUNT AND STEPHAN 1969

742 CU ’ 2] MORT2 1.70 50 23 MOUNT AND STEPHAM 1969

743 Cu . . FN MORT2 10.60 50 28 MOUMT AND STEPHAN 1969

84 CY . 4] £66S 4.40 524 MOUNT 1968

745 Cu . o €665 5.30 N MOUNT 1968

746 CU - . (2.] E6GS 6.30 . 481 MOUNT 1968

741 Cu i) £66S 15.00 .200 MOUNT 1968

748 €V 2] £665 14.00 528 - MOUNT 1968

749 Cu M E66S 32.00 [} MOUNT 1968

750 Cy 4] £66S 314.00 0 MOUNT 1968

1% Cv _ Fu £66S 95.00 0 MOUNT 1968

152 tu 4] HATCK 4.40 200 15 WOUNT 1968

753 Cu | (1.} HATCH §.30 200 3s MOUNMT 1968

154 CU FN HATCH 6.30 200 n MOUNT 1968

755 Cv : ) HATCH 14.00 200 n ' MOUNT 1968

756 CU 12.] HATCH 15.00 200 12 MOUNT 1968
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157 Cu 4.} - MORT} 4.40 10 1 MOUNT 1968
158 €U N KORT1 5.30 10 1 _ MOUNT. 1968
759 Cu M MORT! 6.30 10 0 MOUNT 1968
760 Cu ™ HORT1 14.00 10 1 WOUNT 1968
761 Cu FM MORTY 15.00 10 1 - MOUNT 1968
762 Cu Fn MORT} 32.00 10 3 MOUNT 1968
763 Cu FM . MORTE 24.00 10 2 KOUNT 1968
764 Cu Fu MORT 95.00 20 9 MOUNT 1968
265 Cu . 97 HATCH - 0.00 400 96 SAUTER €7 AL 1976
766 CU . u1 WATCH 5.00 400 102 © SAUTER ET AL 1976
767 Cuy 81 MATCH 1.00 400 130 SAUTER ET AL 13976
768 (4 o1 HATCH 13.00 400 264 : “SAUTER ET AL 1976
769 Cu - 8t HATCH 3.00 400 380 SAUTER €7 AL 197€
770 Cu 81 HATCH - 51.00 400 386 SAUTER ET AL 1976
Moy . 81 HATCH 95.00 400 400 © . SAUTER ET AL 1976
772 Cu 8t MORT2 0.00 200 6 SAUTER £T AL 1376
113 cu .81 RORT2 5.00 2000 14 g SAUTER €T AL 1976
174 Cu at MORT2 7.00 200 6 SAUTER ET AL 1976
1718 Cu (1 MORT2 13.00 200 $5 . SAUTER ET AL 19786
76 CU : 81 MORT2 21.00 200, 198 SAUTER 7 AL 1976
177 : 81 MORT2 51.00 200 200 SAUTE! €T AL 1976
e cu 81 MORT2 . 95.00 200 200 SAUTCR ET AL 1676
179 Cy 81 WELGHT 0.00 : 0.22 SAUTIR ET AL 1976
80 € . a1 WEIGHT - 5.00 0.15 SAUTER ET AL 1976
IR 81 WEIERT 7.00 " 0.13 SAUTER ET AL 1976
782 Cu _ . BT WEIGHT -13.00 0.1 SAUTER €T AL 1976
‘|3 . 8t WEIGHT 21.00 0.09 SAUTER ET AL 1976
784 Cu 87 WELGHT 51.00 0.00 SAUTER ET AL 1976
785 Cu. 8t WELGHT 95.00 0.00 SAUTER ET AL 1976
786 CU cc WEIGHT 0.00 0.37 SAUTER ET AL 1976
181 Cu C o CC - WEIGHT 3.00 0.29 SAUTER ET AL 1976
788 CU cc WELGHT 6.00 0.32 SAUTER ET AL 1976
789 CU ce WEIGHT 1.00 0.34 SAUTER ET AL 1976
790 Cu ce WELGHT 12.00 0.32 SAUTER ET AL 1976
791 Cu cc WEIGHT . 18.00 0.20 SAUTER ET AL 1976
192 Cu; A cc WEIGHT 24.00 0.00 SAUTER ET AL 1976
193 Cu : &1 HATCH 3.00 240 3 SEIN ET AL 1984
194 (U R1 HATCH 6.00 240 3 SEIM ET AL 1984
95U, R HATCH 9.00 240 5 SEIM ET AL 1984
96 Cu . RT HATCH 16.00 240 5 SEIM ET AL 1984
797 Cu . HATCH 21:00 | 240 6 SEIM ET AL 1984
798 CU . RT HATCH $1.00 240 3 SEIM ET AL 1984
799 Cu R1 HATCH 121,00 240 183 SEIN ET AL 1984
8C0 Cu . ©RT MORT2 3.00 00 . .3 SEIN ET ‘AL 1984
801 €y RT MORT2 6.00 "~ 100 0 SEIM ET AL 1984
802 cu . RT woRYZ $.00 100 0 SEIM ET AL 1984
go3 Cu . - . RT . MORT2 16.00 100 1 SEIN T AL 1984
804 <y RY MORT2 31.00 100 5 SEIM ET AL 1984
805 Cu .. - RT MORT2 57.00 100 16 SEIN ET AL 1984
806 CU RT RORT2 121.00 N N SEIN ET AL 1984
807, Cu RT WEIGHT 3.00 0.13 SEIM ET AL 1964
808 cu . - . R WE 1GHT 6.00 0.14 SEIM ET AL 1984
809 CU R WEIGHT 3.00 0.15 SEIM £T AL 1984
810 €U R WEIGHT 16.00 0.

15 SEIM ET AL 1984

I
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81y Cu ’ e &1 WEIGHT : 3100 G.11 SEIM ET AL 1984
82 cu .o RT WEIGHT $7.00 0.05 SEIM ET AL 1984
8131y . RY WELGHT 121.00 . : 0.00 SEim €T AL 1384
814 DI-N-BUTYL PHTHALATL FNM HATCH . 0.00 100 N MCCARTMY AND WHITMORE 1984
815 Ol-M-BUTYL PHIHALATE FM HATCH 100 00 100 L] MCCARTHY ANO WHIIMORE 1984
816 BI-N-BUTYL PHTHALATE FM HATCH 18G.00 100 N MCCARTHY AND wHITMORE 1984
817 DI-M-BUTYL PHTHALATE M HATCH 320.00 100 R MCCARTHY AND wMITMORE 1904
818 DI-N-BUTYL PHTHALATE M HATCH | 560.00 100 45 NCCARTHY AND WHITMORE 1984
819 01-M-8UTYL PHTHALATE FM HATCH - 100C.C0 100 br MCCARTHY ANMO WHITMORE 1984
820 OI-N-BUTYL PRTNALATE FM MATCH 1800.00 100 100 © . MCCARTYHY AND WHITMORE 1984
821 QI-N-BUTYL PHIHALATE FR - MORTZ 9.00 69 4 MCCARTHY AND WHiTMORE 1984
822 D1-M-BUTYL PHTHALAIE (™ " MORTZ 100.00 66 n MCCARTHY AND WHITMORE 1984
823 01-N-BUTYL PHTHALATE X MORT2 180.00 69 9 MCCARTHY AND WHITMORE 1934
824 D1-M-BUTYL PHTHALATE FM MGRT12 . 320.00 6€ . 4 MCCARTHY AND wHITMORE 1984
. 825 O1-N-BUTYL PHTHALATE FM MORT2 - £60.00 55 8 MCCARTHY AND WMITMORE 19684
. B26 DI-N-BUTYL PHTHALATE FW MORT2 1000.00 28 22 ' ' MCCARTHY ANO WHITMORE 1984
‘8271 D1-N-BUTYL PHTHALATE 't MORT2 1800.00 [+ R . MCCARTHY AND WHITMORE 1984
828 01-M-0CTYL PHTHALATE FM © HATCH - 0.00 100 1 MCCARTHY- AND WHITMORE 1984
829 OI-N-OCTYL PHTHALATE FM MATCH 100.00 100 0 MCCARTHY AND WMITMORE 1984
830 DI-M-OCTYL PHTHALATE FM HATCH 320.00 100 R MCCARTHY AND WHITMORE 1984
831 DI-N-OCTYL PHIHALATE W HATCH 1000.00 100 - 5 MCCARTHY AND WHITMORE 1984
832 DI-N-OCTYL PHTHALATE FMW _ HATCH 3200.00 100 0 e MCCARTHY AND WHITMORE 1904
833 01-N-OCTYL PHTHALATE N HATCH 10000.00 100 | 3$ MCCARTHY AND- WHITMORE 1984
834 DIAZINOM 87 £66S 0.00 490 ALLISON AND HERMANUTZ 1977
835 OIAZINON ' 81 £663 0.55 - 334 ALLISOM AND HERRANUTZ 1977
836 DIAZINON . BT E66S 1.10 - 807 ALLISON AMD HERMANUTZ 1977
837 OIAZINON ’ 81 £66S 2.40 593 . ALLISOM AND HERMANUTZ 1977
838 OIAZINON ... BT E66S 4.80 - 402 . ALLISON AND HERMANUTZ 1977
839 0IAZINON 81 £65S 9.60 - 220 ALLISON ANG HERMANUTZ 1977
840 OIAZINON BT HATCH 0.00 250 ‘92 ALLISOM AND HERMANUTZ 1977
841 DIAZINON 87 HATCH 0.80 300 28 : ALLISON AND HERMANUTZ 1977
842 DIAZINON : BT RATCH 1.40 500 145 . ALLISON ‘AMD HERMANUTZ 1977
843 DIAZINON 6T HATCH 2.70 200 - n ALLISON AND HERMANUTZ 1977 -
844 DIAZINON 8y HATCH 5.60 50 .- 26 ALLISON ANO HERMANUTZ 1977
845 DIAZINCH 81 HATCH 17,10 250 15 ALLISON AND HERMANUTZ 1977
846 DIAZINON BT RORTY 0.00 i 0 ’ . ALLISOM AND HERMANUTZ 1977
847 DIAZINON 81 RORT) 0.55 24 0 ALLISON AND HERMANUTI 1977
B4R DIAZINON 87 MORT) 1.10 4 - 0 ALLISOM AND HERMANUT2 1977 .
849 DIAZINOM - 81 MORT) 2.40 24 1 ALLISON AND HERMANUTZ 1977
-850 OIAZINOK ) BT MORTY 4.80 28 ) ALLISON AND HERMANUTZ 1977
051 DIAZINON : 81 RORTY 9.60 24 6 ALLISON AND HERMANUTZ 1977
852 DIAZINON BY MORT2 0.00 100 8 ALLISON AND HERMANUTZ 1977
853 OIAZINON . 2] MORT2 0.80 100 29 ALLISON AND HERMANUTZ 1977
854 QLAZINON. 81 RORT2 1.40 100 23 ALLISON AND HERMANUTZ 1977
855 NIAZINON - -1 RORT2 2.70 93 4 ALLISON AND HERMANUTZ 1977
856 DIAZINON 8r MORT2 5.60 25 9 ALLISON AND HERMANUTZ 1977
857 DIAZINON B MORT2 1.0 % 13 . ALLISON AND HERMANUTZ 1977
858 DIAZINON 1] £66S '0.00 361 ALLISOM AND HERMAMUTZ 1977
859 DIAZINON Fn £6GS 3.20 505 ALLISON AND HERMANUTZ 1977
860 DIAZINON 11.] . £66S 6.90 137 ALLISON AND HERMANUTZ 1977
861 DIAZINON Fn E66S 13.50 76 . ALLISON AND HERMANUTZ 1977
862 OIAZINON 2] €665 28.00 1 ALLISOM AND HERMANUTZ 1977
863 DIANZINON . . FR £6GS 60.30 0 ALLISON AND HERMANUTZ 1977
0.00 100 a8 ~ALLISON AND HERMANUTZ 1977

864 DIAZINON - 2] HATCH
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08S CHEMICAL SPECLIES PARAM 00SE NIESTED RESPONSE €GGS  WEIGHT SOURCE
865 DIAZINON n "HATCH 3.20 900 288 ALLISON AN[ HEQKANUTZ 1977
866 DIAZINON FM HATCH 6.90 150 36 ALLISON AND HERMANUTZ 1977
867 DIAZINON tM HATCH 28.0C 200 12 . ALLISON AND HMERMANUTZ 1917
868 DIAZINON M HATCH 60.30 500 35 ALLISON AND HERMANUIZ 1972 -
869 DIAZINON (25 " MORTI 0.00 100 28 ALLISOM AND hERMANUTZ 1917
870 DIAZINON 1] RORT 3.20 100 15 ALLISON ANG *ERMANUTZ 1977
871 DIAZINOM n MORT) - 6.90 100 ki) ALLISON AND HERMANUTZ 197}
872 DIAZINON 1] MORT) 13.50 100 18 ALLISON AND HERMAMNT: 1977
873 DIAZINON FY MORTH 28.00 100 34 ALLiSON AND HERKANUT? 1977
874 DIAZINON 4.} MORTH 60.30 100- 66 ALLISON AND HERMANLTZ 1977
875 DIAZINON 4.} MOR12 n.00 400 134 ALLYS0N AND NHERMARHTZ 1977
876 DIAZINON Fn MOR12 3.30 320 83 ALLISON AND HERMANUTZ 1977
. 877 DIAZINON [2.] ACRT2 6.80 4G 18 - ALLISON AND HERMANUTZ 1977
878 DIAZINON' (2.} MORT2 28.00 280 99 ALLISON AND HEwMANITZ 1973
879 DIAZINON - M MORT2 62.60 320 n ALUISON ANC HMERMAKRINZ V&1
880 DINOSEB 1.} HATCH 0.00 200 | 55 CALL £V AL 1983
881 DINOSESB Fn CHATCH' 0.40 200 n- CALL ET AL 1983
882 DINOSES (2.] HATCH 1.70 200 3 CALL ET AL 1983
883 DINOSEB Fn HATCH 4.30 - 200 46 CALL ET AL 1983
884 DINOSEB . 3.] HATCH 14.50 200 62 CALL ET AL 1983
885 JINOSEB FM HATCH 48.50 200 4] .CALL ET AL 1983
886 0IWOSEB FN MORT2 0.00 60 -7 CALL ET AL 1983
887 DINOSEB 1.8 MORT2 0.40 60 13 CALL ET AL 1983
888 DINOSEB N MORT2 1.70 60 n CALL ET AL 1983
883 DINOSEB Fn MORT2 4.30 60 8 CALL ET AL Y983 -
890 DINOSEB 1B MORi2 14.50 60 28 CALL ET AL 1983
891 DINOSEB . FR MORT2 48.50 60 55 CALL ET AL 1983
- 892 DINOSEB i WE1GMT 0.00 0.60 CALL ET AL 1983
893 DINOSEB Fn - WEIGHT 0.40 0.68 CALL ET AL 1983
894 DINOSESB FM WEIGHT 1.10 0.73 CALL ET AL 1983
895 DINOSEB n WEIGHT 4.30 0.65 CALL ET AL 1983
896 DINQSER n WEIGHT 14.50 0.68 CALL ET AL 1983
897 0INOSEB 1.] WE IGHT 48.50 0.52 CALL ET AL 1983
898 DINOSESB LT WEIGHT 0.00 378.00 WOODWARD 1976
899 DINOSER LT WEIGHT 0.50 247.00 WOOOWARD 1976
900 DINOSEB LT WEIGHT 1.60 241.00 WOOOWARD 1976
901 DINOSESB LT WE 1GHT 2.30 244.00 WOODWARD 197§
902 DINOSEB AT WEIGHT 4.90 208.00 WOODWARD 1976
903 DINOSEB Ly WETGHT 10.00 152.00 WOODWARD 1976
904 DIURON n HATCH 0.00 200 67 CALL ET AL 1983
905 DIURON . M HATCH 2.60 200 45 CALL ET AL 1983
" 906 OIURON 3.} - HATCH 6.10 200 52 CALL ET AL 1983
907 DIURON N HAICH 14,50 200 61 CALL ET AL 1943
908 DIURON (1] HATCH 33.40° 200 75 CALL ET AL 1983
- 909 DIURON (1.} HATCH 18.00 200 88 CALL ET AL 1983
910 DIURON 4.} KORT2 0.00 60 n CALL E7 AL 1983
911 DIURON _FM MORT2 2.60 60 7 CALL ET AL 1983
912 DIURON 1] MORT2 6.10 60 4 CALL ET AL 1983
913 OIUROM 1.} RORT2 14.50 60 1R} CALL ET AL 1983
914 DIURCN i MORT2 33.40 60 15 CALL ET &L 1983
915 DIURON M MORT2 78.00 60 45 CALL ET AL 1983
916 OIURON M- WE IGHT . 0.00 0.57 CALL ET AL 1983
917 DIUROCN . 4] WE IGHT 2.60 0.57 CALL ET AL 1983
918 0I1URON [1.] WEIGHT 6.0 0.56 CALL ET AL 1983
— [P
1
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08S CHEMICAL SPECIES PARAM DOSE NTESTED RESPONSE EGGS  WEIGHT SOURCE

919 DIURON . FR WEIGHT. 14.50 0.62 CALL €7 AL 1983

© 920 CTUROM 1] WEGHT 33.40 0.56 CALL E3 AL 1983
<21 B1URON . kM WEIGHT . 78.00 0.50 CALL ET AL 1983
922 DTDAAC . FA WEIGHT 0.00 0.08 LEWIS AMD WEE 1983
923 OTUMAC 2] WEIGHT - 6.00 0.08 LEWIS AND WEE 1983
924 OTDMAC ’ FA WEIGHT 13.00 0.08 LEWIS AND WEE 1983 - *
925 DTOMAC N 2.} Wt 16T 24.00 0.07 LEWIS AND WEE 1983
925 DTOMAC | 4] WEIGHT 53.00 0.08 LEWIS AND WEE 1983
927 pIOMAT . [ WEIGHT 90.00 0.03 LEWIS AND WEE 1983
928 ENONSULFAR 2] HATCH 0.00 1900 2 : , CARLSON €7 AL 1982 -~
929 ENDORULEAN n HATCH 0.04 200 28 CARLSON ET AL 1982
930 ENCLSULF AR F HATCH 0.06 1850 2N . CARLSON.ET AL 1982
931 ENCOSULFAN 2] HATCH 0.0 1150 L1 CARLSON ET AL 1982
932 EMOOSULFAN - FN HATCH . 0.20 1850 425 CARLSON ET AL 1982
933 ENOOSULFAN . M HATCH 0.40 150 148 © CARLSON ET AL 1982
934 INDOSULFAN . n RORTY Q.00 30 8 © CARLSON ET AL 1982
935 ENDOSULFAN X MORTI 0.04 3¢ 18 CARLSON ET AL 1982
936 ENDOSULFANM L) MORT 0.06 30 6 : CARLSON ET AL 1982

- 937 ENDOSULFAN 1] MORT1 0.10 30 s - CARLSON ET AL 1982
938 ENDOSULSAN ) FN MGRTI 0.20 | 30 13 - CARLSON ET AL 1982 .
939 ENDOSHL AN 4] _MORTY 0.40 18 L2 I CARLSON ET AL 1982
940 ENDOSULFAN FN © MORT2 0.00 360 n CARLSOH £T AL 1982
941 ENDOSULFAN 4] RORT2 0.n4 80 21 CARLSON ET AL 1982
942 ENOOSULFAN L 1] MORT2 0 2% 320 " 83 CARLSON €T AL 1982
943 ENDOSULFAN - Fn noRT2 0.10 - 320 n CARLSON ET AL 1982

- 944 ENDOSULFAN N MORT2 0.20 280 70 ' CARLSOM ET AL 1982
345 ENORIN R FF . MoRT2 0.0 - <0 1 CARLSON €T AL 1982°
946 ENORIN . . FF MORT2 0.04 90 . 3 : CARLSON ET AL 1982
947 ENORIN . FF MORT?2 0.07 90 4 CARLSON ET AL 1982
948 ENDRIN ’ ©FF MORT2 0.5 90 2 - CARLSOM ET AL 1982
949 ENDRIN FF MORT2 0.30 90 S CARLSON ET AL 1982
950 ENDRIN ' - FF . MORT2 0.60 90 90 CARLSON ET AL 1982
951 FEMITROTH! ' Fu RORT2 0.00 60 15 KLEINER ET -AL 1984
952 FEMITROTHION FM . . MORT2 -20.00 60 10 ) KLSIMER ET AL 1984
953 FEMITROTHION L MORT2 60.00 " 80 ) KLEINER £7 AL 1984
954 FENITROTHION L] MORT2 130.00 60 14 KLETNER ET AL 1984
955 FENITROTHION . N MORT2 300.00 60 24 KLEINER ET AL 1984
956 FENITRCTHION 2] RORT2 740.00 60 41 : FLEINER €7 AL 1984
957 FEMITROTHION N WE[GHT - 0.00 0.14 KLEINER €T AL 1984
958 FENITROTHION FN WEIGHT 20.00 0.74 KLEINER ET AL 1964 -
959 FENITROTHION Fn WEIGHT 60.00 0.15 KLEINER ET AL 1984 -
960 FENITROTHION FM WEIGHT 130.00 0.14 KLEINER ET AL 1984
961 FENITROTHION & - i WE 16HY 300.00 0.10 KLEINER ET AL 1984
962 FENITROTHION N WE I1GHT 740.00 0.06 KLEINER ET AL 1984
963 FONOFOS ~ . . Fn HATCH 0.00 100 [} -PICKERING AND GILIAM 1982
964 FONOFOS ) 1] HATCH 4.90 100 5 PICKERING AND GILIAM 1982
965 FONOFOS - - FN HATCH 9.20 100 3 PICKERING AND GILIAM 1982
966 FONOFOS M HATCH 16.00 100 4 - PICKERING AND GILIAM 1982
961 ONOFQS (LB HATCH 31.00 100 7 - PICKERING AND GILIAM 1982
968 FONOFOS 1] HATCH 66.00 100 5 PICKERING AND GILIAM 1982
969 FOMOFOS Fn MORT2 0.00 50 5 PICKERING AND GILIAM 1982
970 FOMOFOS - M MORT2 4.90- 80 H PICKERING AND SILIAM 1982

- 971 FONOFOS " MORT2 9.20 60 4 PICKERING AND GILIAM 1982
972 FONDFOS M MORT2 16.00 60 H PICKERING AND GIL1AM 1982

" ~
>
o .
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.
08S CHEMICAL . SPECIES PARAM . DOt NTESTED RESPONSE EGGS  WEIGHT SOURCE
973 FONOFOS FM MORT2 33.00 60 20 : PICKERING AND GIL1AM 1982
974 FONOFOS M MORT2 66.00 60 40 PICKERING AND GILIAM 1982
975 FONOFOS 2] WEIGHT 0.00 0.7 PICKERING AND GILIAM 1982
976 FO4OFQS ] 1] WEIGHT 4.90 . 0.20 PICKERING AND GILIAM 1982
977 FONOFOS : Fn WEIGHT 9.20 0.18 PICKERING AND GILIAM 1982
978 FONOFOS R 2] WEIGHT 16.00 . 0.15 PICKERING AND GILIAM 1982
979 FONOFOS FM WEIGHT 33.00 0.12 PICKERING AND GILIAM 1982
980 FONOFOS 4] WEIGHT 66.00 0.04 PICKERING AND GILIAM 1982
981 GUTHION . L] £66S 0.04 15 . 1691 ' ADELMAN ET AL 1976
982 GUTHION N EGGS 0.10 1220 ADELMAN ET AL 1976
983 GUTHION ’ (1.} £66S 0.18 161 ADELMAN ET AL 19786
984 GUTHION (1] E6GS 0.24 1239 - ADELMAN ET AL 1976
985 GUTHION (4.} €665 0.33 ARAT] ADELMAN ET AL 1976
986 GUTHION : M EGGS 0.51 . 256 ADELMAN ET AL-1976
987 GUTHION , 12.] EGGS 0.72 . . 182 ADELMAN ET AL 1276
988 HEPTACHLOR FM E6GS - 0.00 172 MACEK ET AL 1976A
989 REPTACMLOR , Fu EGGS c.n 385 _ MACEK ET AL 19762
990 HEPTACHLOR 4] £66S 0.20 . 697 MACEK ET AL 1976A
991 KEPTACHLOR Fn EGGS 0.43 733 MACEK ET AL 1976A
992 HEPTACHLOR 2.} £66S 0.86 1558 . MACEK ET AL 1976A
993 HEPTACHLOR 2] E6GS 1.8 0 MACEK ET AL 1976A
994 HEPTACHLOR 1] HATCH 0N 650 91 MACEK ET AL 1976A
995 HEPTACHLOR . 2] HATCH 0.20 - 900 12 : MACEK ET AL 1976A
996 HEPTACHLOR - - FM.  HATCH 0.43 1550 216 MACEK ET AL 1976A
997 HEPTACHLOR . N HATCH 0.86 2350 245 MACEK ET AL 1976A
998 HEPTACHLOR FM MORT 0.00 30 6 MACEK ET AL 1976A
999 WEPTACHLOR (1.} RORTY o.n 0 n MACEK ET AL 1976A
1000 HEPTACHLOR (4.} MORT1 0.20 30 6 . MACEK ET AL 1976A
100V HEPTATHLOR 2. MORTY 0.43 30 9 : MACEK ET AL 1976A
1002 HEPTACHLOR 3.] MORT 0.86 30 13 MACEK ET AL 1976A
1003 HEPTACHLOR ] RORTY 1.84 30 . 30 MACEX ET AL 19704
1004 HEPTACHLOR 2] MORT2 0.00 320 107 MACEK ET AL 1976A
1005 HEPTACHLOR 4] MORT?2 0.1 320 n MACEK ET AL 1976A
1006 HEPTACHLOR ’ m MORT2 0.20 320 . 198 : MACEK ET AL 1976A
1007 HEPTACHLOR . 4] MORT?2 0.43 320 54 ‘ . MACEK ET AL 1976A
1008 HEPTACHLOR 11.] MOR12 0.86 320 14 ' MACEK ET AL 1976A
1009 HEXACHLUKOBUTADIENE . FM HATCH 0.08 120 25 . BENOIT ET AL 1982
1010 HEXAZHLOROBUIADIENE FW HATCH V.70 120 A0 C BENOIT ET AL 1982
1011 HEXACHLOROBUTADIENE FM HATCH 3.20 120 39 ' BENOIT ET AL 1982
1012 HEXACHLOROBUTADIENE FM HATCH 6.50 120 4 BENOIT ET AL 1982
1013 HEXACHLOROBUTADLENE FM HATCH 13.00 120 42 BENOIT ET AL 1982
1014 HEXACHLORNBUTADIENE FM HATCH 21.00 120 34 . BENOIT ET AL 1982
1015 HEXACHLOROBUTAOIENE FM MORT2 0.08 60 0 BENOIT EY AL 1982
1016 HEXACHLORO3UTADIENE FM - MORT2 1.70 .~ 60 ] BENOIT ET AL 1982
1017 HEXACHLOROBUTADIENE FN WORT2 3.20 60 2 . BENDIT ET AL 1982
1018 HEXACHLOROBUTADIENE FM MORY2 6.50 60 9 . " BENOIT ET AL 1982
1019 HEXACHLOROBUTADIENE FM MORT2 13.00 60 .28 - BENOIT ET AL 1982
1020 HEXACHLOROBUTADLENE FM MORT2 27.00 60 21 : ~BENOLT £7 AL 1982
1027 HEXACHLOROBUTADIENE FM WELGHT 0.08 . 0.13 BENOIT ET AL 1982
1022 HEXACHLOROBUTADIENE FN WEIGHT 1.10 0.13 BENOIT ET AL 1882
1023 HEXACHLOROBUTADIENE M- WEIGHT 3.20 0.13 BENOIT ET AL 1982
1024 HEXACHLOROBUTADIENE FM WE1GHT 5.50 " 0.13 BENDIT ET AL 1982
1025 HEXACHLOROBUTADIENE FM WEIGHT 13.00 . 0.10 BENOIT ET AL 1982
1026 HEXACHLOROBUTADIENE FM WEIGHT 27.

00 .03 BENOIT ET AL 1982
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1027 MEXACKLORUCYTLOHEXAN BG . KATCH 0.60 600 60 - MACEK ET AL 19768
1028 HEXACHLOROCYCLOHEXAN BG HATCH 1.10 200 24 MACEK E7 AL 19768
1029 HEXACHLOROCY(ULOHEXAN BG HATCH 2.30 2200 170 MACEK ET AL 19768
1030 HEXACKLOROCYCLOHEXAN BG HATCH 4.40 400 120 MACEK ET AL 197568
1031 HEXACHLOROCYCLOHEXAN 8G MORTE 0.00 20 3. MACEK ET AL 19768
1032 HEXACHLOROCYCLOHEXAN BG MORT1 0.60 20 \ MACEK ET AL 19768
1033 REXACHLOROCYCLOME XAN 8G MORTY 1.10 20 3 MACEX ET AL 19768
1034 HEXACHLORCCYCLGHEXAN BG MORT1 2.30 20 S - MACEK £T AL 1976B
1035 HEXACHLOROCYCLOHEXAN 86 MORTI 4.40 20 4 MACEK ET AL 19768
1036 HEXACHLOROCYCLOMEXAN BG MGRTY 9.0 20 3 MACEK ET AL 19768 -
1037 HEXACHLOROCYCLOHEXAN BG 'MORT2 0.60 ] 30 - MACEK ET AL 19768
1038 HEXACHLOROCYCLOHEXAN BG MORT2 1.10 30 26 MACEK ET AL 19768°
1039 HEXACHLOROCYCLOHEXAN B6 MORT2 12,30 120 49 MACEK ET AL -19768
1040 HEXACHLOROCYCLOHEXAN BG MORT2 4.40 30 26 T . MACEK ET AL 19768
1041 HEXACHLOROCYCLOHWEXAN BT HATCH 0.00 100 15 MACER ET AL 19768
1042 HEXACHLOROCYCLOHEXAN BT HATCH 1.10 - 50 7 MACEK £T AL 19768
1043 HEXACHLOROCYCLOHEXAMN 87 HATCH 2.10 200 b : MACEX ET AL 19768
1044 HEXACHLOROCYCLOHEXAN BT HATCH 4.10° 150 53 MACEK ET AL 19768
1045 HEXACHLOROCYCLOHEXAN BT HATCH 8.80 50 N4 MACEK ET AL 19768
1046 HEXACHLOROCYCLOHWEXAN BY. HATCH 16.60 50 2 MACEK ET AL 19768 -
1047 HEXACHLOROCYCLOHEXAN BT . MORT2 0.00 50 23 MACEK ET AL 19768
1048 HEXACHLOROCYCLOHEXAN 8T MORT2 1.10 -1 49 . MACEK ET AL 19768
1049 HEXACHLOROCYCLOMEXAN BT MORT2 2.10 50 25 . MACEK ET AL 19768
1050 HEXACHLOROCYCLGHEXAN 8T MORT2 4.10 50 - 34 MACEX ET AL 19768
105} HEAACHLOROCYCLOHEXAN BT MORT2 8.80 50 39 MACEK ET AL 19768
1052 HEXACHUOROCYCLOHEXAN BT MOR7T2 16.60 25 23’ ’ MACEK ET AL 9768
1053 HEXACHLOROCYCLOHEXAN HATCH 0.00 200 26 MACEK ET AL 19768
1054 HEXACHLOROCYCLOHEXAN FM - HATCH 1.40 900 a . MACEK ET AL 19768
1055 HEXACHLOROCYCLOHEXAM FM "HATCH 2.40 1600 192 MACEK ET AL 19768
1056 HEXACHLOROCYCLOMEXAN FN HATCH 5.60 1600 176 MACEX ET AL 19768
1057 HEXACHLOROCYCLOHEXAN FM HATCH 3.10 1550 186 . MACEX ET AL 19768
1058 HEXACHLOROCYCLOHEXAN FN HATCH 23.40 1350 189 MACEK €T AL 19768
1059 HEXACHLOROCYCLOHEXAN FM MORTY . 0.00 15 21 . MACEK ET AL 19768
1060 HEXACHLOROCYCLOHEXAN FM . MORTY 1.40 15 0 MACEK ET AL 1976B.
- 1061 HEXACHLOROCYCLOHEXAN FM " MORT) 2.40 15 0 MACEK ET AL 19768
- 1062 HEXACHLOROCYCLOHEXAN FM -MORTY $.60 15 1 MACEK ET AL 19768 .
1063 HEXACHLORCCYCLOHEXAN FM MORTY 3.10 15 ) MACEX ET AL 19768
1064 HEXACHLOROCYCLOHEXAN FM MORT 23.50 15 4 : MACEX ET AL 19768
1065 HEXACHLOROCYCLOHEXAN FM MORT2 0.00 40 10 MACEXK ET AL 19768
1066 HEXACHLOROCYCLOHEXAN FM MORT2 1.40 160 26 MACEK ET AL 19768
1067 HREXACHLOROCYCLOHEXAN FM MORT2 2.40 160 48 MACEK ET AL 19768
1068 HEXACHLOROCYCLONMEXAN FM MORT2 5.60 160 53 MACEK €T At 19768
1069 HEXACHLOROCYCLOMEXAM FM KORT2 9.10 30 24 : MACEK ET AL 19768
1070 HEXACHLOROCYCLOHEXAN FM MOR12 23.40 80 14 : MACEK ET AL 19768
1071 HEXACHLOROE THANE 1.] MORT2 0.90 120 5 AHMED ET AL 1984
1072 HEXACHLOROETHANE =~ Fm MORT2 28.00 120 33 ’ AHMED ET AL 1984,
R 1073 HEXACHLOROE THANE 2.1 KORT2 63.00 120 30 AHMED ET AL 1984
3 1074 HEXACHLOROE THANE M MORT2 207.00 120 21 AHMED ET AL 1984
1075 HEXACHLOROE THANE 2] MORT2 608.00 120 12 © AHMED LT AL 1984
1076 HEXACHLOROE THANE 2,] MORT2 1604.00 120 - 120 AHMED £T AL 1984
. 1077 HEXACHLOROE THANE 4 | WEIGHT 0.90 0.17 AHMED ET AL 1984
1078 HEXACHLORQE THANE 1.]  WEIGHT . 28.00 0.19 AHMED T AL 1584
. : 1079 HEXACHLOROE THANE H WEIGHT 69.00 0.76 AMMED ET AL 1984
1080 HEXACHLORQE THANE (2] WEIGHT . 207.00

0.12 AHMED ET AL 1984
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- 1081 HEXACHLOROETHANE M WEIGHT 608.00 . 0.04 AHMED ET AL 1984
1082 HEXACHLOROETHAN M WEIGHT 1604.00 0.00 AHMED ET AL 1984
1083 HG : Fu HATCH 0.0 200 n CALL ET AL 19838 °
1084 K6 . M HATCH 0.23 200 3] . CALL ET AL 185838
1085 HG : FM HATCH 0.48 200 66 CALL ET AL 19838 .
1086 HG 4.} HATCH 1.85 200 88 ‘CALL ET AL 19838
. 1087 HG FM HATCH 0.87 200 54 CALL ET AL 19838
, 1088 HG .- 4] HATCH 0.87° 200 200 : CALL ET AL 19838
: 1089 HG . 2] MORT2 0.01 &0 0 CALL €T AL 19838
1090 HG F¥ MORT2 0.23 60 . 0 CALL ET AL 19838
. 1091 W6 - . - : Iy MORT2 0.48 60 0 CALL ET AL 19838 -
. 1092 H6 : FH MORT2 0.97 €0 0 CALL €T AL 19838 -
-~ EETE 1093 HG A . ' M MORT2 1.85 60 26 - CALL ET AL 19838
e 1094 NG M MORT2 3.70 80 $3 CALL ET AL 19838
1095 HG . FM WEIGHT 0.01 0.21 CALL ET AL 19838
1096 HG FM WEIGHT 0.23 0.19 CALL ET AL 19838
1097 HG M WEIGHT 0.48 0.19 CALL ET AL 19838
1098 H6 - FM WEIGHT 0.87 . CALL ET AL 19838 °
1099 W6, - (1] WE IGHT 1.85 CALL ET AL 19838
1100 H6 . FM WEIGHT 3.70 0.01 CALL ET AL 19838.
N0t W6 .. - FR EGGS 0.00 1204 SNARSKI AND OLSON 1982
1102 H6 A 1] EGGS 0.26 - 557 SNARSK] AND OLSON 1982
1103 H6 FM E6GS 0.50 ) 646 SNARSKT AND OLSON. 1982
1104 16 . 1 £EGGS 1.02 0 SHARSK1 AND OLSON 1982
1105 HG Fn £66S 2.1 0 SNARSK1 ANO OLSON 1982
1106 HG - FM £6GS 3.9 0 SNARSK] AND OLSON 1982
1107 HG " - FM WE]GHT 0.00 0.26 SNARSKI AND OLSON 1982
1108 He . . FM WEIGHT 0.26 0.79 SNARSKI AND OLSON 1982
1109 K6 1] ‘WEIGHT 0.50 0.23 SNARSKI AND OLSON 1982
110 W6 . FM WEIGHT 1.02 0.19 SNARSKI AND- OLSON 1982
1111 He. . FM - WEIGHT 2.01 0.15 SNARSKI AND OLSON 1982
1112 H6 . LN WE[GHT 3.69 0.09 SNARSKI AND OLSON 1982
1113 ISOPHORONE FA MORTS 0.00 N 4 CATRNS AND NEBEKER 1982
1114 1SOPHORONE . Fn MORTS 11.00 kk) H CAIRNS AND NEBEKER 1982
1115 ISOPHORONE Fu MORTS 19.00 N 5. CAIRNS AND NEBEKER 1982
1116 ISOPHORONE 2] MORTS 30.00 33 6 CAIRNS AND NEBEKER 1982
1117 1SOPHORONE  ~ . A MORTS 56.00 32 8 CAIRNS AND NEBEKER 1982
11318 ISOPHORONE (2.} MORTS - 112.00 32 29 CAIRANS AND NEBEKER 1982
1119 {SOPHORONE 2.1 WE T GHT 0.00 . 0.03 CAIRNS AND NEBEKER 1982
1120 1SOPHORONE M WEIGHT 11000.00 0.02 CAIRNS AND NEBEKER 1982
1121 1SOPHORONE 2] WEIGHT 19000.00 0.02 CAIRNS AND NEBEKER 1982
© 1122 1SOPHORONE A WEIGHT - 30000. 00 0.0) CAIRNS AND NEBEKER 1982
1123 ISOPHORONE. FM WE [GHT 56000.00 0.77 CAIRNS AND NEBEKER 1982
1124 1SOPHORONE- F WEIGHT 0.00 0,17 LEMKE ET AL 1983
1125 [SOPHORONE . 2] WEIGHT 2160.00 0.18 LEMKE ET AL 1983
1126 ISOPHORONE . FM WEIGHT 4165.00 (.17 LEMKE ET AL 1983
1127 1SOPHORONE . | 2] WEIGHT 8535.00 0.16 LEMKE ET AL 1993
1128 1SOPHORONL 2] WE1GHT 15610.00 0.15 LEMKE ET AL 1983
1129 1SOPHORONE * FM WEIGHT 25145.00 0 14 iTMKE ET AL 1983
1130 KELTHANE . 2] MORT2 0.00 30 0 SPEHAR ET AL 1982
1131 KELTHANE - FM MORT2 8.90 30 6 SPEHAR CT AL 1982
1132 KELTHANE : m - MORT2 19.0C 30 [} _ SPEHAR ET AL 1982
1133 KELTHANE ’ 3.] MORT2 39.00 0 16 SPEHAR €T AL 1982
1134 KELTHANE 1.} MORT2 13.00 30 30 SPEHAR ET AL 1982
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1135 KELTHANE FR MORT2 125.00 15 15 ' SPLHAR E£T AL 1982
1136 KEPONS . 2.} E66S 0.00 386 : BUCYLER ET AL 198}
1137 KEPONE FM E66S 0.01 293 BUCKLER E7 AL 1981
1138 KEPONE 2 ] £6GS 9.07 212 BUCKLER €T AL 198)
1139 KEPONE M €665 0.1 259 BUCKLER ET AL 1981
1140 KEP0ME: 2] £6GS 0.3 319 BUCKLER €T AL 1981
1141 KEPONE N €665 ¢.3 581 BUCKLER ET AL 1981
1142 KEPONE : C M £6GS Q.31 - 581 . BUCKLER ET AL 1991
1143 KEPONE ’ o HATCH 0.00 2950 1062 BUCKLER ET AL 1981
1144 KEPONE FR HATCH 0.01 2150 825 BUCKLER ET AL 1981
1145 KEPONE . . FM HATCH 0.03 2850 1083 BUCKLER €T AL 1981
1146 KEPONE Fi " HATCH 0.07 1950 566 BUCKLER ET 2L 1931
1147 KEPONE 2] HATCH 0.17 225¢ 652 BUCKLER ET AL 1981
1148 KEPONE i HATCH o.n 4200 2006 - BUCKLER ET AL 198)
1149 XEPONE 1] MORTY 0.00 68 4 BUCKLER €7 AL 198
1150 KEPONE. . 2] MORT1 0.0 n 2 BUCKLER ET AL 198)
1151 KgPONE . 1 MORTY .03 n ] BUCKLER ET AL 1987
1152 KEPONE ' (2. MORT? 0.07 62 0 BUCKLER ET AL 1990
1153 KEPOME . FA MORTI 0.1 60 b BUCKLER ET AL 1981
© 1154 KEPONE [4.] MORTY 0N 66 2 BUCKLER ET AL 1981
1155 KEPONE 2] MORT2 - 0.00 80 19 . BUCKLER ET AL 1981
1156 KEPONE FN MORT2 0.01 80 30 : BUCKLER ET AL 1981
1157 KEPONE : M MORT2 0.03 30 18 BUCKLER ET AL 1981
1158 xEPONE (1] MORT2 0.07 A0 14 . BUCKLER ET AL 1981
1159 XEPONE ' n MORT2 0.17 80 35 BUCKLER T AL 1981
1160 KEPONE : ] MORT2 0.3 80 2] BUCKLER ET AL 198)
1161 LAS MIXTURE - FM €665 0.00 2496 : PICKERING AND THATZHER 1970
1162 LAS MIXTURE Fu €66S 340.00 ° s - PICKERING AND THATCHER 3970
1163 LAS MIXTURE - Fu £66S 630.00 2583 PICKERING AND THATCHER 1970
1164 LAS MIXTURE 4] £66S 1200.00. 2168 - PICKERIMG AND THATCHER 1970
1165 LAS MIXTURE Fn E66S - 2700.00 1710 : PICKERING AND THATCHER 1370
166 LAS MIXTURE 2] HATCH 0.00 400 A1 ) P1CKERING AND THATCHER 1970
1167 LAS MIXTURE 2] HATCH 340.00 400 - 22 o PICKERING AND THATCHER 1970
1168 LAS MIXTURE 4] HATCH 630.00 400 - 16 PICKERING AND THATCHER 1970
1169 LAS MIXTURE - FR HATCH 1200.00 400 23 PICKERING AND THATCHER 1970
1170 LAS MIXTURE Fu HATCH 2700.00 400 46 , PICKERING AND THATCHER 1979
1171 LAS RIXTURE 2] WORTZ 0.00 400 68 ' PICKERING AND THATCHER 1970
1172 LAS MIXTURE FM MORT2 . 340.00 400 . 80 . PICKERING AND THATCHER 1970
1173 LAS WIXTURE - 2] MORT2 630.00 . 400 82 PICKEAING AND THATCHER 1970
1174 LAS MIXTURE L] MORT2 ~  1200.00 400 240 PICKERING AND THATCHER 1970
1175 LAS MIXTURE 4] MORT2 2100.00 400 N . PICKERING AND THATCHER 1970
1176 LAS 11.2 Fn HATCH 2.00 100 17 ' " HOLMAN AND MACEK 1980
N7 LAs 1.2 2] HATCH 2500.00 100 i HOLMAN AND A2 - -980
1178 LAS 11.2 N HATCH 3000.00 . 100 19 HOLMAN ANO M. 1980
1179 tAs .2 2] HATCH 4400.00 100 2 - HOLMAN AND PACEK 1980
1180 LAS 11.2 2] _HATCH 5100.00 100 34 "HOLFAN AND MACEK 1980
1181 LAS 1.2 L] HATCH 8400.00 100 64 ' HOLMAN AND MACEX 1980
1182 LAS V1.2 3] HATCH - 9800.00 100 $9 . HULMAN AND MACEX 1980
1183 LAS 11.2 Fu HATCH 14200.00 100 94 ' HOLMAN AND MACEK 1980
1184 LAS 11.2 Fu MORT2 0.00 80 29 HOLMAN ANQ MACEX 1980
1185 LAS 11.2 2] “MORT2 2500.00 80 41 HOLMAN AND MACEX 1980
1186 LAS 11.2 "FA MORT2 3000.00 80 42 HOLMAN AND MACEX 1980
1187 tAS 11.2 4] MORT2 4400.00 80 - 32 ) HOLMAN ANO MACEX 1980
1188 LAS 11.2 FM MORT2 5100.00 80 50 HOLMAN AND MACEK 1980
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1189 LAS 11.2 1. MORT2 8400.00 80 29 HOLMAN AND MACEX 1980
1190 LAS 11.2 4.} MORT2 9800.00 80 58 HOLMAN AND MACEK 1980
. 1191 tas 1.2 2.} MORT2 14200.00 80 80 HOLMAN AND MACEK 1980
1192 LAS WV .3 3.} HATCH 0.00 150 17 HOLMAN AND MACEK 1980
3133 LAS 1.7 .] HATCH 200.00 150 9 HOLMAN AND MACEK 1980
1194 LAS 1.7 Fn HATCH - 220.00 150 HOLMAN AND MACEX 1980
1195 LAS 1.7 En HATCH 310.00 150 n HOLMAN AND MACEK 1980
1196 LAS 1.7 N HATCH 480.00 150 6 KOLMAN ANO MACEK 1980
1197 LAS 1.7 M HATCH 490.20 - 150 5 HOLMAN AND MACEK 1980
1198 LAS 11.7 M HATCH 570.00 150 6 HOLMAN AND MACEK 1980
1199 LAS 1.7 M HATCH 740.00 150 5 AOLMAN AND MACER 1530
1200 LAS 1.7 " MORT1 0.00 30 \ HOLMAN AND MACFK 1980
12017 LAS 1.7 M HORT) 60.00 30 6 HOLMAN AND MACEK 1980
1202 LAS 11.7 N HORT) 120.00 30 0 HOLMAN AND MACEK 1980
1203 LAS 11.3 1.1 MORTY 250.00 30 10 HOLMAN AND MACEX 1980
1204 LAS 11.7 M MORT) 530.00 30 16 HOLMAN AND MACEK 1980
1205 LAS .17 M MORTY 1090.00 30 5 HOLMAN AMD MACEK 1980
1206 LAS 1.7 ™m . MORT2 ¢.00 80 1 HOLMAN AN MACEK 1980
1207 LAS 1.7 FM MORT2 200.00 80 6 HOLMAN AND MACEK 1980
1208 LAS 11.2 M MORT2 220.00 80 0 - HOLMAN AND MACEX 1980
" 1209 LAS N .7 Fn MORT2 310.00 8a 9 HOLMAN AND MACEK 1980
1270 LAS 1.7 FM MORT2 480.00 80 - 16 HOI MAN ANO MACEXK 1980
128 LAS M1 7 113 MORT2 490.00 80 44 HOLMAN AMD MACEK 1980
1212 LAS 11.7 13 MORT2 570.00 80 22 HOLMAN AND MACEK 1980
1213 LAS 11.7 N MIRT2 - 740.00 80 42 HOLMAN AND MACEK 1980
1214 LAS 13.3 N £66S -0.00 530 HOLMAN_ AND MACEK 1980
1215 LAS 13.3 N £66S 20.00 22 HOLMAN AND MACEK 1980
1216 LAS 13.3 m £66S © 33.00 72 HOLMAN AND MACEK 1980
1217 LAS 13.3 M 2665 56.00 346 HOLMAN AND MACEX 1980
1218 LAS 13.3 FM E66S 106.00 135 HOLMAN AND MACEX 1980°
1219 LAS 13.3 n £66S 252.00 7 HOLMAN ANO MACEK 1980
1220 LAS 13.3 1 MORT) 0.00 30 4 _HOLMAN AND MACEX 1980
1221 LAS 13.3 [ MORT 20.00 10 n HOLMAN AND ¥ACEK 1980
1222 LAS 13.3 e KORT1 33.00 0 a HOLMAN AND MACEK 1980
1223 LAS 13.3 N “MORT 56.00 30 9 HOLMAN AND MACEX 1980
1224 LAS 13.3 fM T MORTY 106.00 30 7 HOLMAN 'AN® MACEK 1980
1225 LAS 13.3 £ MORT) 252.00 30 9 HOLMAN AND MACEK 190
1226 MALATHION FF MORT2 0.00 80 16 HERMANUTZ 1978
1227 MALATHION FF MORT2 5.80 80 8 HERMANUTZ 1978
1228 MALATHION FF MORT2 8.60 80 9. HERMANUTZ 1978
1229 MALATHION FF MORT2 10.90 80 16 HERMANUTZ 1978 -
1230 MALATHION £F MORT2 15.00 80 3 HERMANUTZ 1378
1231 MALATHION FF MORT2 19.30 80 9 ‘HERMANUTZ 1978
1232 MALATHION FF MORT2 24.70 80 15 KERMANUTZ 918
1233 MALATHION FE HORT?2 31.50 80 47 HERMANUTZ 1978
1234 MALATHION FF MORT4 0.00 40 0 HERMANUTZ 1979
1235 MALATHION FF WORTA 5.80 40 0 " HERMANUTZ 1938
1236 MALATHION FF MORT4 8.60 40 1 HETMANGTZ 1976
1237 MALATHION FF MORTA 10.90 40 2 HERMANLYZ 1978
1238 MALATHION FF - HORT4 15.00 40 4 HERAANUTZ 1976 -
1239 MALATHIGY 73 NORT4 19.30 40 5 HERMANL?? 1978
1240 MALATHIOM FF MORT4 24.70 40 17 HERMANUT? 1578
1241 MALATHION FF MORTA 31.50 40 14 HERMANUTZ 1978
1242 METHYULMERCURIC CHLOR BT £66S 0.00 506 L 1976

MCKIM ET1 A

"

S
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1243 METHYLMERCURIC CHLOR BT EGAS 0.03 299 MCKIM ET AL 1976
1244 METHYLMERCURIC CHLOR 8T E6G6S 0.09 430 MCKIM ET AL 1976
1245 METHYLMERCURIC CHLOR BT €6GS 0.29 191 MCKIM ET AL 1976
1246 METHYLMERCURIC CHLOR BT E6GS 0.93 364 MCKIM ET AL 1976

1247 METHYLMERCURIC CHLOR BY £EGES 2.92 ° MCKIM ET AL 1978
1248 METHYLMERCURIC CHLOR BT HATCH 0.00 200 6 MCKIM ET AL 1976
1249 METHYLMERCURIC CHLOR BT HATCH 0.03 200 26 . MCKIM ET AL 1976
1250 METHYLMERCURIC CHLOR 87 HATCH 0.09 200 1 MCKIM ET- AL 1976
1251 METHYLMERCURIC CHLOR BT HATCH 0.29 100 2 MCKIM ET AL 1976
1252 METHYUMERCURIC CHLOR 8T HATCH 0.93 200 116 MCKIM ET AL 1976
1253 METHYLMERCURIC CHLOR BT MORT) . 0.00 12 1 MCKIM ET AL 1976
1254 METHYLMERCURIC CHLOR 87 HORTY 0.03 12 2 MCKIM ET AL 1976
1255 METHYLMERCURIC CHLOR BT MORT) 0.09 2 2 MCKIM ET AL 1976
1256 METHYLMERCURIC CHLOR AT MORTY 0.29 6 1 MCKIM ET AL 1976
1257 METHYLMERCURIC CHLOR BT MORT} 0.91 [ 5 MCKIM ET AL 1976 -

T 1258 METHYLMERCURIC CHLOR 87 MORT2 0.00 100 4 MCKIM ET AL 1976
1259 METHYLMERCURIC CHLOR BT MORT2’ 0.03 100 6 MCKIM ET AL 1976
1260 METHYLMERCURIC CHLOR 8T MORT2 0.09 100 k] MCKIM ET AL 1976
1261 METHYLMERCURIC CHLOR BT HORT2 0.29 100 1 MCKIM ET AL 1976
1262 METHYLKERCUREC CHLOR BT MORT2 0.93 100 55 MCKIM ET AL 1976
1263 MIREX : .- FA €665 0.00 395 BUCKLER £F AL 1981
1264 MIREX FM EGG> 2.00 283 BUCKLER ET AL 1981
1265 MIREX Fn E6G6S 3.00 104 BUCKLER ET AL 1981
1266 MIREX Fu EGGS 7.00 ©21 BUCKLER ET AL 1981
1267 MIREX FM * E6GS 13.00 © 128 BUCKLER ET AL 1981
1268 MIREX M EGGS 34.00 o 84 BUCKLER ET AL 1981
1269 MIREX FM HATCH 0.00 2900 1015 BUCKLER ET AL 1981
1270 MIREX . Fu HATCH - 2.00 2400 . 360 BUCKLER ET AL 1981
1271 MIKEX FM HATCH 3.0 ° 900 - 17 BUCKLER ET AL 1981
1272 KMIREX 4] HAICH 7.00 2300 368 BUCKLER ET AL 1981

1273 MIREX 4] HATCH 13.00 1050 . 284 . BUCKLER ET AL 1981
1274 WIREX Fn HATCH 34.00 1000 3710 BUCKLER ET AL 19R)
1275 MIREX [ AC2T] 0.00 70 4 BUCKLER ET AL 1981
1276 MIREX [} - MORTY 2.00 72 - n BUCKLER ET AL 1981

T 1217 MIREX -FM MORTI 31.00 69 7 BUCKLER ET AL 1981
1278 MIREL 4.} HORTY 7.00 12 20 BUCKLER ET AL 1981
1279 MIRER 2] RORTY 13.00 63 3 BUCKLER ET AL 1981
1280 MIREA FM MORT) 34.00 67 18 BUCKLER ET AL 1981
1281 MIREX 3] WORT2 0.00 80 9 BUCALER €T AL 198)
1282 MIREX FM MOY2 2.00 80 .9 "BUCKLER ET AL 198)
1283 MIREX FM MOKT2 3.00 80 18 * BUCKLER ET AL 198)
1284 MTlea 2] MOR™ . 7.00 80 . n BUCKLER ET AL 1981
1285 MIREX 1] MORT2 13.00 80 29 BUCKLER ET AL 1981
1286 MIREX e MORT2 34.00 80 18 BUCKLER ET AL 1981
1287 NAPTHALENE 2 HATCH 0.C0 500 48 "DEGRAEVE ET AL 1982

. 1288 NAPTHALENE (1] " HATCH 130.00 500 18 OEGRAEVE ET AL 1982
1289 NAPTHALENE 2] HATCH 210.00 500 55 DEGRAEVE ET AL 1982
1290 NAPTHALENE 4] HATCH 450.00 500 68 DEGRAEVE £T AL 1982
1291 NAPTHALENE FM HATCH 850.00 500 AL DEGRAEVE ET AL 1982
1292 NAPTHALENE Fu HATCH 1840.00 500 57 DEGRAEVE ET AL 1982
1293 NAPTHALENE 2] HATCH 4380.00 500 m DEGRAEVE ET AL 1982
1294 NAPTHALENE FM HATCH 8510.00 500 n DEGRACVE ET AL 1982
1295 NI - M "EGGS 0.00 1603 PICKERING 1974
1296 N1 FM E66S 82.00 104 PICKERING 1374
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1297 N1 [} - E66S 180.00 ) : 1320 PICKERING 1974
1298 NI 1.] £G6S : 380.00 1398 PICKERING 1974
1299 N1 14 £66S 130.00 - 498 PICKERING 1974
1300 N1 - FM EGGS . 1600.00 ' 36 PICKERING 1974
- 1301 Ml COFm RATCH 0.00 1000 7 SICKERING 1974
+ 1302 N1 FH HATCH 92.00 1100 45 PICKERING 1974
1302 i 4.] HATCH 180.00 1200 .80 PICKERING 1974
1304 N1 (L] HATCH 380.00 1300 78 PICKERING 1974
1305 N1 3} HATCH 730.00 2300 1328 PICKERING 1974
1306 Ml [} MORT2 0.00 50 -1 PICKERING 1974
1307 M1 ’ Fn MORT2 ©  82.00 - $0 4 ’ PICKERING 1974
- 1308 NI Fn - MORT2 180.00 50 3 ' PICKERING 1974
1309 ¥ N MORTZ 380.00 - 50 .4 PICKERING 1974
110 N1 [4,] MORT2 730.00 - 50 3 PICKERING 1974
130 P8 87 £66S 0.85 419 HOLCOMBE €Y AL 1976
1312 P8 87 E6GS 33.40 497 HOLCOMBE ET AL 1976
1313 P8 87 £66S $7.60 23 HOLCOMBE ET AL 1978
1314 78 . 87 £6GS 119.20 480 HOLCOMBE ET AL 1976
1315 P8 87 £665 235,20 $5% HOLCOMBE ET AL 1976
1216 P8 8T £665 475.40 183 HOLCOMBE €7 AL 1976
1317 P8 . 87 HATCH 0.90 724 13 HOLCOMBE €7 AL 1978
1310 P8 . ’ 8T HATCH 34.00 no 140 HOLCOMBE ET AL 1976
19 P8 . 8T HATCH 58.00 250 - 82 HOLCOMBE ET AL 1976
1329 P8 . a7 HATCH 119.00 687 99 HOLCOMBE ET AL 1976
122y P8 R 8T HATCH 235.00 192 . 264 HOLCOMBE €7 AL 1976
1322 P8 a1 HATCH 474.00 262 189 HOLCOMBE ET AL 1976
1323 P8 87 MORTY 0.85 W 3 HOLCOMBE €T AL 197¢
1324 78 ar MORT) 33.45 10 0 HOLCOMBE ET AL 1976
1325 P8 8T WORTY $7.90 S 0 HOLCOMBE €7 AL 1976
1326 P8 ar MORT1 119.20 10 3 HOLCOMBE ET AL 1976
1327 P8 87 MORTY 235.00 10 2 HOLCOMBE €T AL 1976
1328 P8 87 L2000 472.60 10 2 HOLCOMBE ET AL 1976
" 1329 P8 81 noav2 0.90 2060 3 HOLCOMBE £T AL 1976
1330 78 . 87 MORT2 34.00 200 23 . HOLCOMBE ET AL 1976
130 78 a7 MORT2 $8.00 150 9 ROLCOMBE €T AL 1976
1332 P8 . BT MORT2 - 119.00 150 -3 HOLCOMBE ET AL 1976
1333 78 87 MORT2 235.00 100 6 HOLCOMBE ET AL 1976
. 1334 8 BT MORT2 474,00 50 40 HOLCOMBE EY AL 1976
1335 PB 86 WEIGHT . 0.00 0.38 SAUTER ET AL 1976
1336 .78 86 - WEIGHT 12.00 0.42 SAUTER ET AL 1976
11337 e . 86 WEIGHT 33.00 0.4) SAUTER EV AL 1978
1330 8 86 WEIGHT 70.00 0.49 SAUTER ET AL 1976
1339 P8 . 86 WEIGHT 120.00 0.25 SAUTER ET AL 1976
" 1340.78. 86 WEIGHT 271.00 0.00 SAUTER EY AL 1976
1341 P8 86 WEIGHT 447.00 0.00 SAUTER ET AL 1976
1342 .P8 B 4 " WEIGHT 2.00 0.24 SAUTER ET AL 1976
1343 PB cc WE1GHT 17.00 ,0.23 SAUTER ET AL 1978
1344 P8 cC WEIGHT ©33.00 0.24 SAUTER ET AL 1976 ~
+ 1345 P8 44 WE1GHT ©.75.0C 0.23 SAUTER ET AL 1976
1346 P8 cC WEIGHT 136.00 0.15 SAUTER ET AL 1976
1347 PB cC WEIGHT 280.00 0.00 SAUTER ET AL 1976
-1340 P8 44 " WETGHT 460.00 0.00 SAUTER ET AL 1976
1349 *8 . L7 WE1GHT 0.00 0.18 SAUTER ET AL 1976
1350 P8 LT WE1GHT 48.00 0.19 SAUTER ET AL 1976
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1351 P8 . 9 WEIGHT 83.00 0.16 SAUTER ET AL 1976
1352 P8 L7 WEIGHT =~ 120.00 0.15 SAUTER ET AL 1976
1353 P8 wr WEIGHT .198.00 0.13 SAUTER ET AL 1976
1354 P8 L7 WEIGHT 404.00 0.00 SAUTER ET AL 1976
1355 pB L7 WETGHT 1 483.00 0.00 SAUTER ET AL 1976
1356 P8 RT HATCH 0.00 62 - SAUTER ET AL 1976
1357 P8 RY HATCH 49.00 26 SAUTER ET AL 1976
1358 P8 RT HATCH .00 46 - SAUTER ET AL 1976
1359 P8 RT HATCH 146.00 k1] © SAUTER ET AL 1976
1380 P8 R " HATCH 250.00 400 50 ) SAUTER ET AL 1978
1361 P8 RT HATCH 443.00 400 kL) SAUTER ET AL 1976
1362 P8 RY HATCH 672.00 400 286 SAUTER ET- AL 1976
1363 P8 R " MORT2 0.00 200 20 : SAUTER ET AL 1978
- 1364 PO . RT - MORT2 49.00 200 - 24 © SAUTER E7 AL 1978
1365 P RT "MORT2 .00 200 o ' SAUTER ET AL 1976
1366 78 RY MORT2 146.00 200 109 SAUTER ET AL 1976
1367 P8 - R MORT2 250.00 209 199 "SAUTER ET AL 1976
1368 P8 RT MORT2 443.00 200 200 . SAUTER ET AL 1976 LT
1369 P8 4] MORT2 617.00 200 200 SAUTER €T AL 1976 :
1370 P8 ' RY WEIGHT 0.00 0.71 SAUTER ET AL 1976
13N 8 RT WEIGHT 49.00 0.67 SAUTER ET AL 1976
13712 8 RTY WELGHT .00 0.73 SAUTER ET AL 1978
1373 P8 RY WEIGHT 146.00 0.70 SAUTER ET AL 1976
1374 78 RT WEIGHT 250.00 0.70 SAUTER ET AL 1976
- 1375 P8 RT WEIGHT 4431.00 0.00 SAUTER ET AL 1976
© 1376 P8 RT WEIAHT 672.00 0.00 SAUTER ET AL 1976
1377 P8 s WEIGHT 0.00 0.19 SAUTER ET AL.1976
1378 P8 WS HWEIGHT 33.00 0.26 SAUTER ET AL 1976
1379 P8 wS WEIGHT 67.00 0.19 SAUTER ET AL 1976
1380 P8 wS WEIGHT 119.00 0.18 SAUTER ET AL 1978
;1381 P8 WS WEIGHT 253.00 0.07 SAUTER ET AL 1976 .
1382 P8 WS WEIGHT - 481.00 : © 0,00 SAUTE! ET AL 1976
1383 PENTACHLORNETHANE Fu MORT2 10.00 120 8 AHMED ET AL 1984
1384 PENTACHLOROE THANE FM MORT2 - 900.00 20 21 AHETD ET AL 1984
1385 PENTACHLOROETHANE FM . MORT2 1400.00 120 21 : AHMED ET AL 1984
1386 PEMTACHLOROE THANE M MORT2 2900.00 120 9 AHMED ET AL 1984
1287 PENTACHLOROE THANE 4] MORT2 4100.00 120 66 AHMED ET AL 1984
1388 PENTACHLOROETHANE N MORT2 13900.00 120 120 ) AHMED ET AL 1984
1389 PENTACHLOROETHANE FM WEIGHT 10.00 0.22 AHMED ET AL 1984
1390 PEMTACHLOROE THANE M WE1GHT 900.00 0.23 AHMED ET AL 1984
1391 PENTACHLOROETHANE 4.] WE1GHT 1400.00 0.15 AHMED ET AL 1984
1392 PENTACHLOROETHANE n WEIGHT 2900.00 0.09 AHMED ET AL 1984
1393 PENTACHLOROE THANE Fu WETGHT 4100.00 0.05 AHMED EY AL 1984
1394 PENTACHLOROETHANE m WEIGHT - 13900.00 . 0.00 AHMED ET AL 1984 /
1395 PENTACKLOROPHENOL ~ FM HATCH .- 0.00 200 1k : HOLCOMBE ET AL 1982 B
1396 PENTACHLOROPHENOL M HATCH 27.20 200 - 13 : HOLCOMBE ET AL 1982
1397 PENTACHLOROPHENOL 1] HATCH 44.90 200 65 ) HOLCOMBE €T AL 1982
1398 PENTACHLOROPHENOL M KATCH 73.00 200 8 HOLCOMBE ET AL 1982
1399 PENTACHLOROPHENOL M HATCH . 128.00 200 14 HOLCOMBE ET AL 1982
1400 PENTACHLOROPHENOL n HATCH 223.00 200 200 . HOLCOMBE £T AL 1982 .
1401 PENTACHLOROPY“NOL Fu MORT2 0.00 100 6 © HOLCOMBE ET AL 1982 o
1402 PcNTACHLOROPHENOL ) MORT2 27.20 - 100 8 HOLCOMBE ET AL 1982
1403 PENTACHLOROPHENOL M MORT2 44.90 100 8 HOLCOMBE ET AL 1982
(2.}

1404 PENTACHLOROPHENOL MORT2 73.00 100 13 HOLCOMBE £T AL 1982
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1405 PENTACHLOROPHENOL A MORT2 128.00 100 79 HOLCOMBE ET AL 1982
1406 PENTACHLOROPHENOL 2] MORT2 223.00 100 100 HOLCOMBE ET AL 1982
© 1407 PENTACHLOROPHENOL 2] WEIGHT 0.00 100 0.13 HOLCOMBE ET AL 1982
1408 PENTACHLOROPHENOL i3] WEIGHT 21.20 100 - 0.74 HOLCOMBE €T AL 1982
1409° PENTACHLOROPHENOL FM WEIGHT 44.90 100 0.13 HOLCOMBE ET AL 1982
1410 PENTACHLOROPHENOL 2] WE IGHT 73.00 100 0.11 HOLCOMBE ET ‘AL 1982
1411 PENTACHLOROPHENOL Fi WE IGHT 128.00 * 100 0.11 HOLCOMBE ET AL 1982 -
1412 PENTACHLOROPHENOL FM ‘WEIGHTY 223.00 100 0.00 KOLCOMBE ET AL 1982
1413 PERMETHRIN 4] HATCH 0.00 100 - 10 SPEMAR ET AL 1983
1414 PERMETHRIN FM HATCH 0.1 100 3 SPEHAR ET AL 1983
1415 PERMETHRIN 2] LATCH 0.8 100 8 SPEWAR E7 -AL 1983
1416 PERMETHRIN (1) HATCH 0.33 . 100 B 1] SPEHAR ET AL 1983
+417 PERMETHRIN FM HATCH 0.66 100 14 SPEHAR ET AL 1982
1418 PERMETHRIN ’ 1.} HATCH 1.40 100 10 SPEHAR ET AL 1983
© 1419 PERMETHRIN M MORT2 0.00 . 80 H SPEHAR ET AL 1983
1420 PERMETHRIN FM © MORT2 omn 60 3 SPEHAR ET AL 1983
1421 PERMETHRIN |4 . MORT2 0.18 60 2 ) SPEHAR ET AL 1983
1422 PERMETHRIN - 2] MORT2 0.33 60 2 . SPEMAR ET AL 1982
1423 PERMETHRIN Fn MORT2 . 0.66 60 4 SPEHAR ET AL 1983
1424 PERMETHRIN Fn MORT2 1.49 60 59 SPEHAR ET AL 1983
1425 SERMETHRIN 2] WEIGNT 0.00 0.10 SPEMAR ET AL 1983
1426 PERMETHRIN - Fu WE IGHT o.Nn 0.09 SPEMAR ET AL 1983
1427 PERMETHRIN - Fu WEIGHT ©0.18 0.10 SPEHAR ET AL 1983
1428 PERMETHRIN fn WE[GHT Q.33 0.03 SPEHAR ET AL 1983
1429 PERMETHRIN [4,) WETGHY 0.66 0.09 SPEHAR ET AL 1983
1430 PERMETHRIN Fu WEIGHT 1.40 0.11 SPEHAR ET AL 1983
1431 PHENOL FN HATCH 0.00 500 91 DEGRAEVE ET AL 1980
1432 PHENOL ] HATCH 230.00 500 87 DEGRAEVE ET AL 1980
1433 PHENOL - FM HATCH -150.00 500 9 OEGRAEVE ET AL 1980
1434 PHENOL 4] HATCH © 2500.00 500 109 DEGRAEVE ET AL 1980
1435 PHENOL . . FW HATCH 6100.00 500 AAL} DEGRAEVE ET AL 1980
1436 PHENO'. M HATCH 14500.00 500 139 DEGRAEVE -EV AL 1980
1437 PHENOL . N HATCH 33200.00 500 m R : DEGRAEVE ET AL 1980
1438 PHENOL Fu HATCH 68500.00 500 274 DEGRAEVE ET AL 1980
1439 PHENOL FM MORT2 0.00 30 14 DEGRAEVE ET AL 1980
1440 PHENOL [4.] MORT2 230.00 30 21 DEGRAEVE ET AL 1980
1441 PHENOL 4] MORTZ2 750.00 30 17 DEGRAEVE ET AL 1980
1442 PHENOL - N MORT2 2500.00 30 15 DEGRAEVE ET AL 1980
1443 PHENOL . Fm MORT2 6100.00 30 1% DEGRAEVE ET AL 1980
" 1444 PHENOL. - ) N MORT2 © 14500.00 . 30 22 DEGRAEVE ET AL 1980
7 1445 FHENOL ' 1] MORT2 33200.00 30 30 DEGRAEVE ET AL 1980
- 1446 PHMENOL FM nUKT2 68500.00 30 30 DEGRAEVE ET AL 1980
1447 PHENOL . (2] WEIGHT - 0.00 : 0.27 DEGRAEVE ET AL 1980
' 1448 PHENOL 1 WEIGHT 230.00 0.18 DEGRAEVE ET AL 1980
1449 PHENOL 4] WEIGHT 750.00 0.25 DEGRAEVE ET AL 1980
1450 PHENOL : FM WEIGHT 2500.00 0.719 DEGRAEVE ET AL 1980
1451 PHENOL N WEIGHT - 6100.00 0.15 DEGRAEVE ET. AL 1980
1452 PHENOL FM WEIGHT 14500.00 . 0.18 DEGRAEVE ET AL 1980
1453 PHENOL M WEIGHT 33200.00 DEGRAEVE €7 AL 1980
1454 PHENOL FM WEIGHT 68500.00 . " DEGRAEVE ET AL 1980
1455 PHENOL® RY MORT2 0.00 200 19 DEGRAEVE ET AL 1980
1456 PHENOL RT MORT2 340.00 200 23 DEGRAEVE ET AL 1980
1457 PHENOL (1) MORT2 540.00 200 4 DEGRAEVE ET AL 1980

1458 PHENOL R MORTR 1100.00 200 69 ) DEGRAEVE ET AL 1980
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1459 PHENOL RT - MORT2 2800.00 200 134 DEGRAEYE 'ET AL 1980
1460 PHENOL RT MORT2 £800.00 200 94 . DEGRAEYE E£T AL 1980
1461 PHENOL RY MORT2 13800.00 ‘200 . 200 : DEGRAEYVE ET AL 1980
1462 PHENGL /T WEIGHT 0.00 1.57 DEGRAEVE ET AL 1980
1463 PHSWOL RT WEIGHT © 340.00 . Y.31 DEGRAEVE E£T AL 1980
1464 PHENDY. RT WEIGHT 440.00 1.18 DEGRAEVE EY AL 1960
1465 PHENOL RT WEIGHT - 1100.00 0.96 OEGRAEVE €T AL 1980
1466 PHENOL RT WEIGHT - 2800.00 0.91 DEGRAEVE £T AL 1980
- 1467 PHENOL RY WEIGHT - 5900.00 0.46 OEGRAEVE ET AL 1980
1468 PHENOL RY WEJGHT 13800.00 ’ DEGRAEVE ET AL 1980
1469 PHENMOL 4] HATCH 0.00 200 3 HOLCOMBE €T AL 1982
1470 PHENOL 4] NATCH 240.00 200. . AR HOLCOMBE ET AL 1982
14717 PHENOL 4] HATCH : 450.00 200 15 MOLCOMBE £T AL 1982
1472 PHENOL N HATCH 910.00 200 o HOLCOMBE €T AL 1982
1473 PHENOL 1] HATCH . 1830.60 200 19 HOLCOMBE €T AL 1982
1474 PHENOL ] © HATCH 3570.00 200 14 HOLCOMBE ET AL 1982
1475 PHEMNOL - FM MORT2 . 0.00 100 i) HOLCOMBE ET AL 1982
1476 PHENOL . FM MORT2 240.00 100 25 HOLCOMBE ET AL 1982
1477 PHENOL 4] MORT2" 450.00 100 26 HOLCUMBE ET AL 1982 -
1478 PHENOL Fn - MORT2 910.0C 100 R WOLCOMBE ET AL 1982
1479 PHENOL Fn MORT2 1830.00 100 .26 HOLCOMBE €T AL 1982 .
© 1480 PHENOL n MORT2 3570.00 100 . 13 HOLCOMBE ET AL 1982
1481 PHENOL n WEIGHT " 0.00 © 100 0.10 HOLCOMBE ET AL 1982
1282 PHENOL 4] WEIGHT 240.00 100 0.10 HOLCOMBE ET AL 1982
1483 PHENOL 4] WEIGHT 450.00 100 0.10 HOLCOMBE ET AL 1962
1484 PHENOL (4] WEIGHT 910.00 100 . 0.10 HOLCOMBE ET AL 1982
1485 PHENOL 2] WEIGHT 1830.00 100 0.10 HOLCOMBE ET AL 1982
1486 PHENOL Fn WEIGHY . 3570.00 100 0.08 HOLCOMBE ET AL 1982
1487 PHENOLS N E66S 0.00 270 DAUBLE ET AL 1983 .
1488 PHENOLS [ 1 I E6GS 60.00 182 DAUBLE ET AL 1983
1489 PHENOLS [ £66S ' 130.00 n DAUBLE ET AL 1983
1490 PHENOLS FN EE66S . 250.00 202 DAUBLE ET AL 1983
1491 PHENOLS ] E6GS - 560.00 50 DAUSLE ET AL 1983
© 1492 PHENOLS 4] £66S - .1210.00 0 DAUBLE ET AL 1983
1493 PHENOLS 4] WEIGHT 0.00" 20.40 DAUBLE ET AL 1983
1404 PHENOLS Fn WEIGHT 60.00 16.80 DAUBLE ET AL 1983
Y 5 PHENOLS Fn WEIGHT .-130.00 23.10 DAUBLE ET AL 1983
496 PHEMOLS - - FW © WEIGHT 250.00 11.50 DAUBLE ET AL 1983
1497 PHENOLS FN WEIGHT 560.00 13.60 DAUSLE ET. AL 1983
1498 PHENOLS - Fn WEIGHT 1210.00 6.80 DAUBLE ET AL 1983
1499 PICLORAM LT WEIGHT 0.00 373.00 WOOOWARD 1976 :
1500 PICLORAM LT WEIGHT 35.00 233.00 WOODWARD 1976
1501 PICLORAM LT WEIGHT 7¢.00 154.00 WOODWARD 1976
1502 PICLORAM . LT WEIGHT " 240.00 117.00 WOODWARD 1976
1503 PICLORAM LT WEIGHT . $00.00 WOOOWARD 1976
1504 PICLORAM LT WEIGHT - 1000.00 WOODWARD 1976
1505 PROPANIL Fn HATCH 0.00 200 53 CALL ET AL 1982
1506 PROPANIL 2, HATCH - 0.40 200 48 CALL ET AL 1983
1507 PROPANIL [4.] HATCH 0.60 200 74 CALL ET AL 1983
1508 PROPANIL Fn HATCH 1.20 200 85 CALL ET AL 1983
1509 PROPANIL FM HATCH 2.40 260 89 “CALL ET AL 1983
1510 PROPANIL m . HATCH 3.80 200 161 CALL ET AL 1983
1511 PROPANIL 1] . MORT2 0.00 60 4 CALL ET AL 1983
1512 PROPANIL (1] MORT2 0.40 60. 16 AL 1983
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"1513 PROPANIL 2] MORT2 - 0.60 60 30 : CALL ET AL 1983
1514 PROPANIL 2] MORT2 1.20 60 50 CALL ET AL 1983
1515 PROPANIL F MORT2 2.40 60 60 CALL €T AL 1983
1516 PROPANIL ’ A MORT2 3.80 80 . b0 CALL ET AL 1983
21517 PROPANIL (2] WETGHT " 0.00 0.59 CALL ET AL 1983
1518 PROPANIL - 3] WEIGHT 0.40 : 0.56 CALL ET AL 1983
1519 PROPANIL 2] WE ISHT 0.60 ) . 0.49 CALL ET-AL 1983
1520 PROPANIL 2] WE1GHT 1.20 0.45 CALL ET AL 1983
1521 PROPANIL (2] WEIGHT 2.40 CALL E£T AL 1983
1522 PRDPANIL 2] WEIGHT 3.80 R CALL ET AL 1983
1523 PYORIN 4.} MORT2 0.00 30 3 SPEHAR E£T AL 1982
1524 PYDRIN o ] MORT2 0.14 30 8 SPEHAR €7 AL 1982
1525 PYORIN FM MORT2 0.17 30 3 SPEHAR ET AL 1982
-1526 PYDRIN - (1) MORT2 0.8 30 2 SPEHAR ET AL 1982
1527 ,PYDRIN 1] MORT2 "0.33 3¢ 7 SPEHAR ET AL 1982
1528 PYORIN 1.} HORTR 0.43 0 22 SPEHAR ET AL 1982
1529 TETRACHLOROETHYLENE FM MORT2 0.00 120 K} AHMED ET AL Y984
1530 TETRACHLORQETHYLENE FM MORT2 1400.00 120 20 AHMED ET AL 1984
1531 TETRACHLOROETHYLENE FM MORT2 2800.00 120 74 AHMED ET AL 1984
1532 TETRACHLOROETHYLENE FM MORT2 4100.00 120 - 120 . AHMED €T AL 1984
1533 TETKACHLOROETHYLENE FM MORT2 8600.00 120 120 AHMED ET AL 1984
1534 TETRACHLOROETHYLENE FM WEIGHT 0.00 ' 0.26 AHMED ET AL 1984
1535 TETRACHLOROETHYLENE FM WEIGHT 500.00 0.25 AHMED ET AL 1984
1536 TETRACHLOROETHYLENE M WEIGHT 1400.00 0.18 AHMED ET AL 1984
1537 TETRACHLOROETHYLENE FM WEIGHT 2800.00 0.12 AHMED €T AL 1984
1538 TETRACHLOROETHYLENE FM WEIGHT 4100.00 0.00 AHMED ET- AL 1984
1539 ‘TETRACHLOROETHYLENE FR WEIGHT 8600.00 0.00 AHMED ET AL-1984
1540 TOXAPHENE 87 €6GS 0.00 855 MAYER ET AL 1975
1541 TOXAPHENE BY E6GS 0.04 541 MAYER ET AL 1975
1542 TOXAPHENE 8T - €66S 0.07 516 MAYER ET AL 1975
1543 TOXAPHENE 8T EEGS 0.13 - . 542 MAYER ET AL 1975
1544 TOXAPHENE [-]] £66S 0.27 - 462 MAYER ET AL 1975
1545 TOXAPHENE 8T £66S 0.50 617 MAYER ET AL 1975
1546 TOXAPHENE BT MORT) - 0.00 24 0 MAYER ET AL 1975
1547 TOXAPHENE 1) MORTY 0.04 24 2 MAYER ET AL 1975
1548 TOXAPHENE - 8T MORTY 0.07 24 2 . MAYER ET AL 1975
1549 TOXA-HENE 8T MORTY 0.13 .24 2 MAYER ET AL 1975
1550 TOXAPHENE A ) | MORTI 0.27 24 12 MAYER ET AL 1975
1551 TOXAPHERE | BT MORTY 0.50 24 24 MAYER ET AL 1975
1652 TOXAPHENE . BT MORT?2 0.00 200 . 120 MAYER ET AL 1975
1553 TOXAPHENE B1 MORT2 - 0.04 200 166 MAYER ET AL 1975
1554 TGXAPHENE 87 MORT2 0.07 200 156 : ’ MAYER ET AL 1975
1555 TOXAPHENE | BY MORT2 0.13 200 164 "MAYEK ET AL 1975
1556 TOXAPHENE BT MCRT2 0.7 200 200 MAYER ET AL 1975
1557 TOXAPHINE 87 MORT2 '0.50 200 - 200 MAYER ET AL 1975
1558 TOXAPHENE | 1) WEIGHT 0.00 0.70 MAYER ET AL 1975
1559 TOXAPHENE Bf WEIGHT 0.04 - 0.37 MAYER ET AL 1975
1560 TOXAPHENE 8T WEIGHT 1 0.07 . 0.51 HAYER ET AL 1975
1561 TOXAPHENE 87 WEIGHT 0.13 ) 0.40 MAYER EY AL 1975
1562 TOXAPHENE - WEIGHT 0.27 . 0.00 MAYER ET AL 1975
1563 TOXAPHENE 87 AEIGHT 0.50 0.00 MAYER ET AL 1975
1564 TOXAPHENE cC HATCH .0.00 1800 126 MAYER ET AL 1977 -
1565 TOXAPHENE . cc HATCH 0.05 1500 15 ) TOMAYER €T AL 19DY
~ 1566 TOXAPHENE cc HATCH 0.07 1200 84 MAYER ET AL 1977

- v
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1567 TOXAPHENE cC HATCH 0.13 1800 180 MAYER €7 AL.1977
1568 TOXAPHENE cc HATCH ©0.30 1200 108 MAYER ET AL 1977
1569 TOXAPHENE cc HATCH 0:63 1200 300 MAYER ET AL 1977
1570 TOXAPHENE cC MORT] 0.00 8 0 MAYER ET AL 1977
1571 TOXAPHENE cC HORTY 0.0s 8 1 MAYER ET AL 1977
1572 TOXAPHENE cC " MORTY’ 0.07 8 1 MAYER ET AL 1977
1573 TOXAPHENE cc MORTY 0.3 8 1 MAYER ET AL 1977
1574 TOXAPHENE cc MORT) 0.30 8 0 MAYER FT AL 1977
1575 TOXAPHEAE € MORTY 0.63 . -] ? MAYER ti AL 1977
1576 TOXAPHENE cc WE IGHT 0.00 0.13 MAYER £T AL 1977
1577 TOXAPHENE 49 WEICHT 0.05 0.1 MAYER ET AL 1907
1578 TOXAPHENE cc WE 1GHT 0.07 0.13 KAYER ET AL 1977
1579 TOXAPHENE cc . WEIGHT 0.13 0:17 MAYER ET AL 1317
1580 TOXAPHENE cC  WEIGHT . 0.30 0.09° MAYER ET AL 1977
1581 TOXAPHENE cc WEIGHT 0.63 0.70 MAYER ET AL 1977
1582 TOXAPHENE FN £66S 0.00 256 MAYER EY AL 1977
1583 TOXAPHENE FA . E66S 0.00 125 MAYER ET AL 1977
1584 TOXAPHENE FM - E6GS 0.02 165 MAYER ET AL Y977
1585 TOXAPHENE L] €665 0.05 604 MAYER ET AL 1977
1586 TOXAPHENE fn E6GS 6.10 0 MAYER ET AL 1977
1587 TOXAPHENE FN £66S 0.17 258 MAYER ET AL 1977
1548 TOXAPHENE 1.} HATCH 0.00 50 n “MAYER ET AL 1977
1589 TOXAPHENE . FN HATCH 0.0v 50 5 MAYER ET AL 1977
1590 TOXAPHENE 1] HATCH 0.02 S0 1 MAYER ET AL 1977
1591 TOXAPHENE FH HATCH 0.0S 50 n MAYER ET AL 1977
1592 TOXAPHENE 2] HATCH 0.16 50 . 6 MAYER €T AL 1977
- 1593 TOXAPHENE FN HATCH o.M 50 9 "MAYER ET AL 1977
1594 TOXAPHENE ] RORTY 0.90° 20 ) MAYER ET AL 19D)
1595 TOXAPHENE 2] MORT1 o.0 20 k] MAYER ET AL 1377
1596 TOXAPHENE L] MORT) 0.02 20 2 MAYER ET AL 1977
1597 .TOXAPHENE FM . MORT) 0.05 20 5 MAYER ET AL 1977
1598 TOXAPHENE Fn - RORTY 0.10 20 2 MAYER ET AL 1977
1599 TOXAPHENE - FR MORT1 0.17 20 1 MAYER ET AL 1977
1600 TOXAPHEME FN. WEIGHT 0.00 ©0.17 MAYER ET AL 1977
1601 TOXAPHENE 2] WEIGHT 0.01 0.16 MAYER £T AL 1977
1602 TOXAPHENE 2] WEIGHT 0.02 0.17 RAYER ET AL 1977
1603 TOXAPHENE FM WEIGHT 0.05 0.16 MAYER ET AL 1977
1604 TOXAPHENE N WEIGHT 0.10 0.15 MAYER ET AL 1977
1605 TOXAPHENC FR WEIGHT 0.17 : 0.15 MAYER ET AL 1977
1606 TRIFLURALIN A HATCH 0.00 100 9 MACEK ET AL 1976C
1607 TRIFLURALIN FN HATCH 1.90 100 18 MACEK"ET AL 1976C
1608 TRIFLURALIN 2] HATCH 5.10 100 19 MACEK ET AL 1976C
1609 TRIFLURALIN m RORTY Q.00 30 H MACEK ET AL 1976C
1610 TRIFLURALIN 1] MORT) 1.50 30 8 MACEK ET AL 1976C
1611 [RIFLURALIN 1] ®ORTY 1.90 30 8 MACEK ET AL 1976C
1612 TRIFLURALINM fu MGRT) 5.10 30 2 MACEK ET AL 1976C
1613 TRIFLURALIN 3] MORTY 8.20 30 30 MACEK ET AL 1976C
1614 TRIFLURALIN n MORTI 16.50 30 30 MACEK ET AL 1976C
1615 TRIFLURALIN i MORT2 0.00 80 13 MACEX ET AL 1976C
1616 TRIFLURALIN 4] MORT2 . 1.90 120 53 MACEK ET AL 1976C
1617 TRIFLURALIN FA MORT2 5.0 160 45 MACEK ET AL 1976C
1618 VANADIUM FF WEIGHT 0.00 0.00 HOLDWAY AND SPRAGUE 1979
1619 VANADRIUM FF WEIGHT - 41.00 « 0.0 HOLDWAY AND SPRAGUE 1979
1620 VANADIUM Ff 00 . 0.00 HOLDWAY AND SPRAGUE 1979
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1621 vANADIUM FF 480.00 0.00 HOLDWAY AND SPRAGUE 1979
1622 VANADIUM FF 1500.00 ) 0.00 HOLDWAY AND SPRAGUE 1979
1623 28 . .M 2.00 16863 981 BENGIT AND HOLCOMBE 1978
o 1624 IN CFM 44.00 14341 620 : BENOIT AND HOLCOMBE 1978
. - 1625 I8 3] 18.00 * 12973 21 BENOIT AND HOLCOMBE 1978
1626 IN : Fn 145:00 2158 455 BENOIT ANO HOLCOMBE 1978
1627 2N ) N 295.00 694 512 BENOIT AND HOLCOMBE 1978
1628 N ’ 1} 2.00 100 2 . © BENOLT AND HOLCOMBE 1978
1629 N 1] 44,00 100 - 2 . BENOLT AND HOLCOMBE 1978
1630 734 N 79,00 100 2 BENOIT AND HOLCOMBE 1978
1631 ¥ (3] 1.5.00 100 18 . BENOLT AND HOLCOMBE 1978
e 1632 IN FN 295.00 - 100 82 BENOIT AND HOLCOMBE 1978
: 1633 2N - FW 30.00 1532 . DBRUNGS 1969 = -
. 1534 N : 3] 180.00 263 BRUNGS 1969 °
1635 IN C FM 350.00 34 BRUNGS 1969 -
1636 IN 2 610.00 9 - BRUNGES 1963
1637 IN FN 1300.00 12 BRUNGS 1969
1638 2N : N 2800.00 : 0 BRUNGS 1969
1639 28 FH HATCH 30.00 M2 . 18 BRUNGS 1969
1640 IN : N HATCH 180.00 345 27 BAUNGS 1969
0 I S 3] HATCH 660.00 425 Rk} - BRUNGS 1969
1642 2N ot N HATCH 1300.00 408 27 " BRUNGS 1969
1643 I8 . EW © MATCH . 2800.00 415 0 : BRUNGS 1969
1644 1IN : 2] WORT2 30.00 - 366 42 BRUNES 1969
1645 IN - ) FN MORT2 180.00 . 218 N . GRUNGS 1969
1646 2N : : Fa MORT2 660.00 kN 28 ‘ BRUNGS . 1969
1647 IN- co. . En MORT2 1300.00 N 232 BRUNGS 1969
1648 . 28 . 87 MORT2 2.60 100 4 © HOLCOMBE ET AL 1979
1649 2N . BY MORT2 - 39.00 100 10 HOLCOMBE ET AL 1979
1650 2n : 87 MORT2 - $3.00. 100 3 HOLCOMBE ET. AL 1979
1551 2N 87 MORT2 144.00 100 n : HOLCOMBE ET AL 1979
1652 IN i : 87 MORT2 266.00 100 s HOLCOMBE ET AL 1979
1653 IN - 8T MORT2 534.00 100 - HOLCOMBE ET AL 1979
1654 2N . 6 © WEIGHT 0.00 0.03 PIERSON 1981
e 1655 N S 1 WE 1GHT 173.00 0.02 PLERSON 198}
. 1656 IN - [ WELGHT 328.00 0.02 PIERSON 1981
- 1657 N , 6 WE1GHT 607.00 0.01 PIERSON 1981
1658 In° R | { HATCH 2.00 50 2 SINLEY ET AL 1974
1659 IN . RT HATCH 11.00 48 1 SINLEY ET AL 1974
1660 IN : : RT HATCH 36.00 48 2 SINLEY ET AL 1974
1661 2N o RT HATCH .00 48 1 SINLEY ET AL 1974
1662 N s RY HATCH 140.00 48 1 SINLEY ET AL 1974,
1663 IN . RY HATCH 260.00 49 2 SINLEY ET AL 1974
1664 IN : T HATCH 547.00 48 2 SINLEY ET AL 1974
1665 IN - ) RT MORT2 2.00 48 6 SINLEY ET AL 1974
1666 24 : co RT MORT2 11.00 a1 4 SINLEY €7 AL 1974
1667 2N ' RT MORT2 . 36.00 46 6 SINLEY ET AL 1974
1668 2N : R1 MORT2 .00 4% 5 SINLEY ET AL 1974
1669 IN . RT MORT2 140.00 46 5 SINLEY ET AL 1974
1670 2N RT MORT2 260.00 46 9 SINLEY ET AL 1974
161 IN. : [} MORT2 547.00 4% 25 SINLEY ET AL 1974
1672 In - - FF ~° E66S 10.00 484 SPEHAR 1976
1673 IN FF £66S 28.00 280 SPEHAR 1976

- 1674 IN : fFF - E86S 41.00 422 . SPEHAR 1976
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A | : 1675 IN COFY EGGS 75.00 296 SPEHAR 19176
1676 2N FF £GGS 139.00 6 SPEHAR 1976
1677 IN FF HATCH 10.09 40 Ce SPEHAR 19176
. 1678 IN : . FF HATCH 28.00 40 10 SPEHAR 1976
1679 In FF HAICH 41.00 40 n SPEHAR 1976
1680 2% . FF _HATCH " 15.00 40 16 . SPEHAR 1976
168) I FF HATCH - 1371.00 ° 40 n SPEHAR 1976
1682 1IN . . 133 MORTY 16.040 60 [ SPEHAR 1976
1683 In . FF MORTI 28.00 60 8 SPEHAR 1976
. 1684 2N - FF ;ORTY 47.00 60 3 SPEHAR 19178
———e 1685 N FF MORT 15.00 - 60 . | SPEHAR 1970
1686 In . - FF MORT) 139.00 .60 15 . SPEHAR 1976
' ) 1687 In FF MORTY 261.00 69 57 : . . SPEHAR 1976
h . 1688 1,1,2-TRICHLOROETHAN FM MORT2 - 50.00 - 120 0 . AHMED ET AL 1984
ra . 1689 1,1,2-TRICHLOROETHAN FM MORT2 2000.00 T 120 [} . AMRED ET AL 1984
1690 1,1,2-TRICHLOROE THAN M MORT2 6000.00 120 6 AHMED ET AL 1984
1691 1,1,2-TRICHLORCETHAN -+ MORT2 14800.00 - 120 0 AHMED ET AL 1984
1692 ¥,1,2-TRICHLORJETHAN FN RORT2 48000.00 120 22 N AHMED ET AL 1984
1693 1,1,2-TRICHLOROETHAN FM "MORT2 147000.00 120 120 © AHMED ET AL 1984
1694 1,1,2-TRICHLORCETHAN FN WEIGHT 50.00 ‘0.14 AHMED ET AL 1984
1695 1,1,2-TRICHLOROELTHAN FN WEIGHTY 2000.00 0.15 AHMED €7 AL 1984
. ’ 1696 1,1,2-TRICHLOROETHAN FN . WEIGHT 6000.00 0.14 AHMED ET AL 1984
. 1697 1,1,2-TRICHLOROETHAN Fit WEIGHT 14800.00 . 0.12 AHMED ET AL 1984
1698 1,1,2-TRICHLORCETHAN FN WEIGHT 48000.00 - 0,04 AHMED EY AL 1984
1699 1,1,2-TRICHLOROETHAN FM WE16HY 147000.00 .0.00 AHMED ET AL 1984
1700 1,1,2,2-TETRACKHLOROE FM MORT2 12.00. © 120 [ 3 AHMED ET AL 1984
1700 1,1,2,2-TETRACHLOROE FM MORTZ 1400.00 120 0 . AHMED ET AL 1984
1702 1,1,2,2-TETRACHLOROE FW MORT2 ©4000.00 120 6 AHMED ET AL 1984
1703 1,1,2,2-TETRACHLORDE Fn WORT2 6300.00 120 6 _ AHMED ET AL 1984
1704 1,1,2,2-TETRACHLOROE FM MOR Y & 131009 120 105 AHMeD ET AL 1984
1305 1,1,2,2-TETRACHLOROE fm cQRT2 28400.09 120 20 AHMED ET AL 1984
’ 1706 V,1,2,2-TETRACHLOROE FM wEIGHT 12.66 ’ L 0.19 AHMED ET AL 1984
. . 1707 1,1,2,2-TETRACHLORCE FM COWEIGHT . 1400.90 0.19 AHMED ET AL 1984
. 1708 1,1,2,2-TETRACHLOROE FA WE 1GHT © 4000.00 0.15 AHMED ET AL 1984
1709 1,1,2,2-TETRACHLUROE FM WEIGHT 6800.00 0.14 AUMED £7 AL 1984
110 1,1,2,2-TETRACHLYZ0E FM WE 1GHTY 13700.00 0.02 AMMED ET AL 1984
1M 1,1,2,2-TETRACKLOROE Fu wWE IGHT . 28400.00 0.00 AHMED ET AL '984
1112 1,2-DICHLOROE THANE 3] HATCH 300.00 120 23 BENOLIT ET AL 7982
. 1713 1,2-01CHLOROE THANE n HATCH 4000.00 120 23. BENOLT ET AL 1982
! 1714 1,2-DICHLOROE THANE n HATCH 7000.00 120 27 ’ BEMOIT ET AL 1982
’ 1215 1,2-D1CHLOROE THANE 1.} HATCH 14000.00 120 33 BENOIT ET AL 1982
1716 1,2-01CHLORCE THANE M HATCH 29000.00 120 25 BENOIT ET AL 1982
1717 1,2-DICKLOROE THANE Fn YATCH 59000.00 120 25 BENOIT ET AL 1982
1718 1,2-0ICHLORCETHANE  FM KORTZ 300.00 60 5 BENOIT ET AL 1382
1719 1,2-DICHLOROE THANE 2 HORT2 4C00.00 60 3 BENOIT ET AL 1982
1720 1,2-01CHLOROE THANE n MORT2 1000.00 60 5 BENOIT ET AL 1982
1721 1,2-D1CHLOROE THANE (2] HORT 2" 14000.00 60 5 BENOIT ET AL 1982
1722 1,2-0DICHLORCE THANE  FM FORT2 29000.00 60 2 BENOIT ET AL 1982
1723 1,2-0DICHLOROE THANE 1] W)RT2 59000.00 60 6 BENOCIT ET AL 1982
1724 1,2-DICHLOROE THANE 4] ¥I1OHT 300.00 0.13 BENOIT ET AL 1982
1725 1,2-DICHLOROE THANE {1.] A7 1aHY 4000.00 0.13 BENOIT ET AL 1982
1726 1,2-01CHLOROE THANE (2.} “WETOHT 7000.00 0.13 BENOIT ET AL 1982
1727 1,2-DICHLOROE THARE 3] WETEHY 14000.00 0.13 BENOIT ET AL 1982
1728 V,2- NCHLWOUHANE 1.] wt {EHT 29000.00 0.12 BENOIT ET AL 1982
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1729 1,2-01CHLORQET IANE  FM WEIGHT . 59000.00 0.05 BENOIT ET AL 1982 °
1730 1,2-DICHLOROPROPANE FM HATCH 100.00 - 120 4 BENOIT ET AL 1982
1731 1,2-0ICHLOROPROPANE FM - HATCH 6000.00 120 5 BENGIT ET AL 1982
1732 .1,2-DICHLOROPROPANE  FM HATCH 11000.00 120 3 BENOIT ET AL 1982
: E 1733 1,2-DICHLOROPROPANE  FM HATCH 25000.00 120 3 BENOIT £7 AL 1982
1734.1,2-DICHLOROPROPANE  FM HATCH 51000.00 120 43 BENOIT ET AL 1982
1735 1,2-0ICHLOROPROPANE M HATCH . 110600.00 120 120 BENOIT ET AL 1982
1736 1,2-01CHLOROFROPANE FM  MORT2 - ©100.00 80 k| BENOIT ET AL 1982
1737 1,2-DICHLOROPROPANE FM MORT2 6000.00 60 5 BENOLT ET AL 1982
1738 1,2-D1CHLOROPROPANE FR - MORT2 11000.00 60 3 BENOIT ET AL 1982
1739 1,2-DICHLOROPROPANE FM MORT2 . 25000.00 60 25 BENOIT ET AL 1982 o
N 1740 1,2-DICHLOROPROPANE FM MORT2 51000.00 60 a4 . BENCIT ET AL 1982
1741 1,2-DICHLOROPROPANE FM MORT2 110000.00 120 120 BENOIT ET AL 1982
1742 1,2-DICHLOROPROPANE  FM WE 16HT 100.00 0.14 BENOIT ET. AL 1982
1743 1,2-DICHLOROPROPANE KR WELGHT 6000.00 0.14 BENOLT ET AL 1982
744 1,2-01CHLOROPROPANE FM - WEIGHT 11000.00 0.13 BENOIT ET AL 1982
1745 1,2-DICHLOROPROPANE FM WE IGHT 25000.00 0.08 BENOIT ET AL 1982
1746 1,2-0ICHLORGPROPANE FM WEIGHT 51000.00 0.02 BENOIT ET AL 1382
1747 1,2-DICHLOROPROPANE FM © WEIGHT 110006.00 . 0.00 BENOIT ET AL 1382
1748 1,2,3,4-TETRACHLOROB FM MORT2 0.3% 120 10 AHMED ET AL 1984
1749 1,2,3.4-TETRACHLOROB FM MORT2 19.05 120 20 . AHMED ET AL 1984 ®
1750 1,2,3,4-TETRACHLOROB FM RORT2 . 39.00 120 12 ' AHMED €T AL 1984
1751 1,2,3,4-TETRACHLUROB FM . MORT2 ©110.00 120 8 _ AHMED ET AL 1984
1752 1,2,3,4-TETRACHLOROB FM MORT2 245.00 120 22 i AHMED ET AL 1984
1753 1,2,3,4-TETRACHLIR0B FM MORT2 412.00 120 . 48 . AHMED ET AL 1984
1754 1,2,3,4-TETRACHLOROS FM WEIGHT 0.35 . © 0.1 AHMED ET AL 1984
1755 1,2,3,4-TETRACHLORCS FM WE1GHT 19.00 0.11 AHMED ET AL 1984
e 1756 1,2,3,4-TETRACHLOROB FM WEIGHT 39.00 0.11 AHMED ET AL 1984 e
oL 1757 1,2,3,4-TETRACHLORDB £M WEIGHT 110.00 0.10 AHMED ET AL 1984
: 1758 1,2,3,4-TETRACHLOROB FM WE1GHT 245.00 G.10 AHMED ET AL 1984
1759 1,2,3,4-TETRACHLOROB FM WEIGHT 412.00 : 0.06 AHMED ET AL 1984 @
1760 1,2,4-TRICHLOROBENZE FM MORT2 15.00 120 10 AHMED ET AL 1984
1761 1,2,4-TRICHLOROBENZE FM MORT2 15.00 120 20 - . AHMED ET AL 1984
1762 1,2,4-TRICHLOROBENZE FM MORT2 134.00 120 10 AHMED ET AL 1984
1763 1,2,4-TRICHLOROBEHZE FM. MORT2 . 304.00 120 10 AHMED ET AL 1984
1764 1,2,4-1RICHLOROBENZE M MORT2 499.00 120 1 AHMED ET AL 1984
1765 1,2,4-TRICHLOROBENZE FM MORT2 1001.00 120 46 AHMED ET AL 1984
1766 1,2,4-TRICHLOROBENZE M WE1GHT 15.00 . 0.09 AHMED ET AL 1984
1767 1,2,4-TRICHLOROBENZE FM WEIGHT 15.00 0.10 AHMED ET AL 1984
) 1768 1,2,4-TRICHLORGBENZE FM WELGHT 134.00 0.09 ANMED ET AL 1984
- 1769 1,2,4-TRICHLOROBENZE FM - WEIGHT 304.00 0.09 AHMED ET AL 1984 ®
o 1770 1,2,4-TRICHLOROBENZE FM WEIGHT 499.00 0.09 AHMED ET AL 1984
1110 1,2,4-TRICHLOROBENZE M WEIGHT 1001.00 . 0.07 AHMED ET AL 1984
1772 1,3-0ICHLORCUINZENE ~ FM MORT2 31,00 120 4 AHMED E£T AL 1984
1773 1,3-DICHLOROBENZENE FM MORT2 304.00 120 2 AHMED ET AL 1984
1774 1,3-DICHLOROBENZENE FM MORT2 555.00 120 4 AHMED ET AL 1984
1775 1,3-DICHLOROBENZENE FM MIRT2 1000.00 120 6 AHMED ET AL 1984 -
1776 1,3-DICHLOROBENZENE FM MORT2 2267.00 . 120 8 AHMED ET. AL 1984 -
1177 1,3-DICHLOROBENZENE FM WORT2 3913.00 120 n2 AHMED ET AL 1984
1178 1,3-DICHLOROBENZENE FN WELGHT 31.00 0.10 AHMED ET AL 1984 '
1779 1,3-DICHLOROBENZENE. FM WEIGHT 304.00 0.10 AHMED ET AL 1984 ®
1780 1,3-DICHLOROBENZENE FM WE 1GHT 555.00 0.10 AHMED ET AL 1984
1781 1,3-DICHLORDBENZENE FM WE[GHT 1000.00 0.10 AHMED EJ AL 1984
1782 1,3-DICHLOROBENZENE FM WEIGHT 2261.00 0.07 AHMED ET AL 1984
Lo
s
o
| J
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08S CHEMICAL SPECIES PARAM DOSE NTESTED RESPONSE EGGS  WEIGHT SOURCE
1783 ¥, 3-DICHLOROBENZENE FM WEIGHT 3913.00 0. O'I AHMED ET AL 1984
1784 1,3-D1CHLORGPROPANE  FM KATCH T 200.00 120 20 BEMOIT ET AL 1982
1785 1,3-DICHLOROPROPANE FM HATCH 4000.00 . 120 - 29 BENCIT €T AL 1982
1786 1,3-DICHLOROPROPANE FM HATCH 8000.00 120 21 BENGIT ET AL 1982
1787 1,3-DICHLOROPROPANE FM HATCH 16000.00 - 120 26 BENOIT ET AL 1982
1788 1,3-DICHL.OROPROPANE FM HATCH . 32060.00 120 22 BENOIT €7 AL 1982
1789 1,3-01CHLCROPROPANE PN HATCH 65009.00 120 13 BENCIT ET AL 1982
1790 1,3-DICHLGROPROPANE FM BORT2 200.00 60 4 BEMOIT ET AL 1982
1791 1,3-01CHLOROFRQPANE M MORT2 4000.00 60 1 BENQIT ET AL 1982
1792 1,3-0iCHLOROPKOPANE FM * MORT2 8000.00 60 4 BENOIT ET AL 1982
1793 1,3-01CHLOROPROPANE M MORT2 16002.00 60 2 BENOIT ET AL 1382
1794 1,3-01CHLORGPROPANE ~ FR MORT? 32000.00 60 1 BENOIT ET AL 1982
© 1795 1,3-DICHLOROPROPANE FM MORT2 65000.00 60 N BEMOIT ET AL 1982
1796 1,3-01CHLOROPROPANE FM WETGHT 330.00 0.13 BENOIT ET AL 1982
1797 1,3-DICKLOROPROPANE M WE[GHT 4090.00 ©0.1) BEMOIT ET AL 1982
1798 1,3-DICHLOROPROPANE M WE[GHT 8000.00 .31 BENOIT ET AL 1982
1799 1,3-01CHLGROPROPANE FM WELGHT 16000.09 0.10 BENMOLT ET AL 1982
1800 1,3-DICHLOROPROPANE FM WEIGHT 32000.00 0.08 BENCIT ET AL 1982
1801 1,3-D{CHLOROPROPANE FM WE IGHT. 65000.00 0.02 BENOIT ET AL 1982
1802 1,4-DICHLOROBEMNZENE FN MORT2 19.00 120 6 AHMED ET AL 1984
1803 1,4-DICHLOROBENZENE FM MORTZ 565.00 120 8 AHMED ET AL 1984
1804 1,4-01CHLOROBENZENE FH moRT2 1040.00 120 26 AHMED ET AL 1984
1805 1.4 -DICHLOROBENZENE R MORT2 2000.00 120 120 AHMED ET AL 1984
1806 1,4-0ICHLOROBEMZENE FN MORT2 4090.00 120 120 AHMED ET AL 1984
1807 .0,4-DICHLOROBENZENE FW MORT2 8720.00 120 120 © AHMED ET AL 1984
1808 1,4-DICHLOROSENZENE FM WEIGHT 19.00 0.10 AHMED ET AL 1984
1809 1,4-01CHLOROBENZENE FN WELGHT 565.00 0.10 AHRED ET AL 1984
1816 1.‘ -DICHLOROBENZENE FM WEIGHT 1040.00 0.09 AHMED E£7 AL 1984
1811 },4-DICHLOROBEMZENE FM WE IGHT 206v. 00 AHMED ET AL 1984
1812 1,4-DICHLORDBENZENE FW WEIGHT 4090.00 AMMED ET AL 1984
1813 1,4-0ICHLOROBEMZENE FM WEIGHT 8720.00 AHMED ET AL 1984
1814 2, 4-DICHLCROPHENOL = FN - HATCH .00 200 n HOLCOMRE ET AL 1982
1915 2,4-DICHLOROPHENOL  FM - HATCH 150.00 200 28 . HOLCOMBE ET AL 1982
1816 2,4-DICHLORCHENOL  FM - HATCH 290.00 200 36 HOLLOMBE €7 AL 1982
1817 2,4-DICHLOROPHENOL  FN HATCH 460.00 200 48 HOLCOMBE ET AL 1982
1818 2,4-DICHLOROPHENOL  FM HATCH 770.00 200 41 HOLCOMBE E£T AL 1962
1819 2,4-DICHLOROPHENMOL  FR HATCH 1240.00 200 40 HOLCOMBE ET. AL 1982
1820 2,4-DICHLOROPHENOL  FM MORT2 0.00 100 28 HOLCOMBE ET AL 1982
1821 2,4-DICHLOROPHENOL  FM MORT2 150.00 100 k) HOLCOMBE ET AL 1982
1822 2,4-DICHLOROPHENOL  FW MGRT2 290.00 100 30 HOLTOMBE ET AL 1982
1823 2,4-01CHLOROPHENOL  FM MORT2 460.00 100 58 HOLCOMBE ET AL 1982
1824 2,4-DICHLOROPHENOL  FM MORT2 770.00 100 18 HOLCOMBE ET AL 1982
1825 2,4-DICHLOROPHENOL  FM MORT2 1240.00 100 94 HOLCOMBE €T AL 1982
1826 2,4-DICHLOROPHENOL  FM WEIGHT 0.00 100 9.09 HOLCOMBE ET AL 1982
1827 2,4-DICHLOROPHENOL  FN - WEIGHT 150.00 160 0.09 HOLCOMBE ET AL 1982
1828 2,4-DICHLOROPHENOL  FM WEIGHT 290.00 100 0.09 HOLCOMBE ET AL 1982
1829 2,4-0ICHLOROPHENOL  FM WEI1GHT 460.00 100 0.1 HOLCOMBE ET AL 1982
1830 2,4-DICHLOROPHEMOL  FM WEIGHT 170.00 100 0.08 HOLCOMBE ET AL 1982
1831 2,4-DICHLOROPHENOL  FM WE IGHT 1240.00 100 0.02 HOLCOMBE ET AL 1982
1832 2,4-0IMETHYLPHENOL  FM HATCH 0.00 200 EH HOLCOMBE ET AL 1982
1833 2,4-DIMETHYLPHENOL  FM HATCH 900.00 200 23 HOLCOMBE £T AL 1982
1834 2,4-0IMETHYLPHENOL  FM HATCH 1360.00 200 25 HOLCOmBE ET AL '1982
1835 2,4-0DIMETHYLPHENOL FNW HATCH 1970.00 200 25 HOLCOMBL ET AL 1982
1836 2,4-DIMETHYI.PHENOL  FM HATCH 3100.00 200 25 HOLCOMBE E7 AL 1982
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Table 8.1. (Continued)

08S CHMEMICAL - SPECIES PARAM DOSE NTESTED RESPONSE - EGGS  WEIGHT SOURCE
1837 2,4-DIMETHYLPHENOL  FM HATCH 5130.00 200 40 © HOLCOMBE ET AL 1982
1838 2,4-DIMETHYLPHENOL FM MORT2 0.60 ' 100 10 . ) HOLCOMBE ET AL 1982
1839 2,4-DIMETHYLPHENOL  FM MORT2 900.00 100 22 ‘ - -HOLCOMBE £7 AL 1982
1840 2,4-DIMETHYLPHENOL FM MORT2 1360.00 100 22 " HOLCOMBE ET AL 1982
1841 2,4-DIMETHYLPHENOL =~ FN MORT2 1970.00 100 25 HOLCOMBE ET AL 1982
1842 2,4 -DIMETHYLPHENOL  FR MORT2 3110.00 100 21 : HOLCOMBE €T AL 1982
1343 2,4-DIMETHYLPHENOL FM . MORT2 5130.00 100 44 HOLCOMBE €T AL 1982
1844 2, 4-DIMETHYLPHENOL N WEIGHT 0.00 ' 0.07 HOLCOMBE ET AL 1982
1845 2,4-0IMETHYLPHENGL  FN WEIGHT 900.00 - 0.08 HOLCOMBE €T AL 1982
1846 2,4-DIMETHYLPHENOL  FN WEIGHT 1360.00 © 0.08 HOLCOMBE ET AL 1982
. 1847 2,4-DIMETHYLPHENGL  FM WEIGHT - 1970.00 0.07 HOLCOMBE ET AL 1982 °
. 1848 2,4-0IMETHYLPHENOL  FM WEIGHT - 3Ng.oo 0.06 HOLCOMBE ET AL 1982
J . 1849 2, 4-DIMETHYLPHENOL  FNW WEIGHT - $130.00 0 05 HOLCOMBE ET AL 1982

SPECIES = Species of test organism: AS = atlantic salmon, BG = bluegill, BM = bluntnose minnow, BNT = browsn
trout, BT = brook trout, CC = channel catfish, CHS = chinook salmon, COS = coho salmon, §F = flagfish,
FN « fgthead .minnow, 6 = guppy, JN = Japanese medaka, LT = lake trout, NP = northern pike, RT = rainbow
trout, S8 ~ smalimouth bass, WE = walleye, and WS = white sucker.

PARAM = Response parameter: MORT) = mortality of parenta) fish, EGGS = number of eqgs per female,
HATCH = proportion of eqggs failing to produce normal larvae, MORT2 = mortality of larval fish, and
WEIGHT = mean weight of individual fish at the end of larval exposure.

DOSE = Exposyre concentration. .

NTESTED = Number of test organisms per concentration.

RESPONSE = Number of organisms per concentration.

£66S = Number of eggs per female.

WEIGHT = Pean weight of individua) fish at the end of larval exposure in grus
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