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ABSTRACT 

BARNTHOUSE, L. W., and 6. W. SUTER 11. 1986. Users' manual 
f o r  ecological r i s k  assessment. ORNL-6251. Oak Ridge 
National Laboratory, Oak Ridge, Tennessee. 220 pp. 

This repnr t  presents t h e  resu l t s  o f  a four-year p ro jec t  on 

environmental r i s k  analysis o f  synfuels technologies, funded by the  

O f f  i c e  o f  Research and Development (ORD), U.S. Environmental Protection 

Agency. The overa l l  ob jec t i ve  o f  the  pro jec t  was t o  support t he  ORD's 

synfuels research program by developing a r i s k  assessment methqdology 

capable of (1) ranking the waste streams i n  a process by r i s k  t o  the 

environment, (2) e s t h a t i n g  the change i n  environmental r i s k  t h a t  would 

be achieved using a l t e r n a t i v e  cont ro l  technology options, ( 3 )  estimating 

the  s e n s i t i v i t y  o f  r i s k  estimates t o  site-dependent variables, and 

(4) i d e n t i f y i n g  research problems cont r ibu t ing  the  greatest  uncer ta in ty  

t o  r i s k  estimates. 

A t  t he  t i m e  the p ro jec t  was i n i t i a t e d ,  the kinds o f  environmental 

r i s k  analyses desired by ORD had never been performed, and proven 

quan t i t a t i ve  methods analagous t o  the  methods used t o  perform human 

hea l th  r i s k  assessments or engineering safety  assessments d i d  n o t  

ex i s t .  Consequently, methods f o r  quant i fy ing ecolog ica l  r i s k s  had t o  

be developed de novo and/or borrowed from other f i e l d s .  An i n i t i a l  

s u i t e  o f  f i v e  p o t e n t i a l l y  use fu l  techniques was appl ied i n  a 

p re l im inary  r i s k  analysis o f  i n d i r e c t  coal l i que fac t i on  technologies. 

As a r e s u l t  of t h i s  appl icat ion,  i t  was determined t h a t  two o f  t h e  

o r i g i n a l  f i v e  techniques were unsuitable f o r  synfuels r i s k  assessments. 

The remaining three were developed f u r t h e r  and appl ied i n  a unit-release 

x i  
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risk assessment, a revised indirect liquefaction risk assessmeirt, a * 

direct liquefactlon risk assessment, and an o i l  shale risk assessment. 

The methodology used in the synfuels environmental risk 

assessments has many potential applications, in addition to the 

specific purpose for whlch it was developed. Thls users' manual is 

intended to facilitate wider use of ecological risk analysis techniques 

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

project, (2) describing the derivatfon and mechanics of the three 

techniques used in the synfuels risk assessments, and (3) discussing 

the limitatlons and other potential applications of ecological risk 

assessment methods. 

. 
x i  i 



1. INTRODUCTION 

L. W. Barnthouse and G. W. Suter I 1  

This  repor t  presents the  methodological resu l ts  o f  a 4-year p ro jec t  

on an environmental r i s k  assessment of synfuels technologies, funded by 

the O f f i c e  of Research and Development (ORD), U.S. Environmental 

Protect ion Agency. 

the ORD s synfuels research program by developing a r i s k  assessment 

methodo ogy capable o f  (1) rank ing waste stream components i n  a process 

by r i s k  t o  the environment, (2) est imat ing the change i n  environmental 

r i s k  t h a t  would be achieved by a l t e r n a t i v e  contro l  technology options, 

( 3 )  estimating the  s e n s i t i v i t y  o f  r i s k  estimates t o  site-dependent 

variables, and (4) i d e n t i f y i n g  areas of researc9 most l i k e l y  t o  reduce 

uncer ta in ty  i n  the  r i s k  e s t i m a t s .  The methodology would be required t o  

address both atmospneric and aqueous releases of  chemical contaminants, 

but would not be required t o  address nonchemical e f f e c t s  such as 

t h e m 1  p o l l u t i o n  o r  hab i ta t  disturbance. I n  addi t ion,  ;he methodology 

would be required t o  produce bes t  estimates o f  environmental 

r i s k  r a t h e r  than worst-case estimates, and t o  e x p l i c i t l y  quant i f y  

uncer ta in t ies cor,cerning magnitudes o f  r i s k .  The methodology would be 

demonstrated by using i t  t o  perform r i s k  assessments f o r  tb ree  classt-s 

of synthet ic  l i q u i d  fuels technologies: d i r e c t  coal l ique fac t ion ,  

i n d i r e c t  coal l iquefact ion,  and surface o i l  shale re to r t i ng .  

The ove ra l l  ob jec t i ve  o f  the p ro jec t  was t o  sirpport 

A t  t he  t i m e  t h ?  pro jec t  was i n i t i a t e d ,  environmental r i s k  

assessments o f  t he  type desired by OR0 had never been performed, and 

proven quan t i t a t i ve  methods analogous t o  the  methods used t o  perform 
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human health risk assessments or engineering safety assessments d i d  not a 

exis t .  Consequently, methods for  quant i fy ing  ecological risks had t o  

be developed de  novo or  borrowed from other fields.  An i n i t i a l  su i te  

of f ive  potentially useful techniquk's were described by Barnthouse e t  

a l .  (1982). These f ive  were applied i n  a preliminary risk assessment 

f o r  indirect  coal liquefaction technologies. As a result of t h i s  

application, i t  was detenained t h a t  two  of t h e  original five 

techniques, specif ical ly  f au l t  t r e e  analysis and the analytic hierarchy 

process, were unsuitable fo r  synfuels r i s k  assessments. The remaining 

three were fur ther  developed and applied !n a unit-release risk 

assessment (Barnthouse e t  a l .  1985a). a revised indirect  coal 

liquefaction risk assessment (Barnthouse e t  a l .  1985b), a d i rec t  coal 

l i qx fac t ion  risk as sez -an t  (Suter e t  a\. 1984), and an o i l  shale risk 

assessment (Suter e t  a l .  1986). 

The methodology used i n  syr,f uels environmental risk assessments 

has many potential applications i n  addition t o  the specif ic  purpose for  

which i t  was developed. T h i s  users' manual is  intended t o  f a c i l i t a t e  

wider use of ecological risk assessment techniques by (1) presenting 

the rationale fo r  the approach developed i n  this project,  ( 2 )  describing 

the derivation and mechanics of the t h r e e  techniques used i n  synfuels 

risk assessments, and (3) discussing the  limitations and other 

potential  applications of ecological risk assessment methods. 

1.1 CONCEPTS AND DEFINITIONS 

The approach described here Is based on the  concepts of risk 

assessment and risk maitagement, as  defined by Ruckelshaus (1983) and 
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, Iloghissi (1984). The stimulus f o r  adopting r l s k  a s s e s s m t  as a 

fundamental component o f  environmental regulat lon Is t h e  recogni t ion 

t h a t  (1) the  cost o f  e l i a f n a t i n g  a l l  environmental e f fects  of 

technology I s  p r o h i b i t i v e l y  high, and (2) regulatory decisions must 

usual ly be made on t h e  basis o f  incomplete s c l e n t l f l c  Information. The 

object ive o f  rlsk-based environmental regulat ion i s  t o  balance the  

degree of  r l s k  permitted against  the cost o f  r i s k  reduction. against 

competing r lsks.  o r  against . r i s k s  t h a t  are general ly accepted by the 

publ ic.  S c i e n t i f i c  r i s k  assessment has two  ro les  i n  t h i s  process. 

F i r s t ,  i t  provides the  quan t l t a t i ve  bases f o r  balancing and comparing 

r isks.  Second. It provides a systematic means of improving the  

understanding of r i s k s  by comparing the r e l a t i v e  magnitudes o f  

uncertalnt les concerning d i f f e r e n t  steps In  the  causal chain between 

I n i t i a l  event (e.9.. release of a t o x i c  chemlcal) and u l t imate  

consequence (cancer i n  humans o r  ex t i nc t i on  of  a b i r d  populat ion). 

Rlsk assessment may be defined as the process o f  assigning 

magnitudes and p r o b a b i l i t i e s  t o  adverse e f fec ts  of hwnan a c t i v i t i e s  ( o r  

natura l  catastrophes). This process Involves i d e n t i f y i n g  the adverse 

e f f e c t s  t o  be addressed i n  t h e  assessment and using mathematical Q r  

s t a t i s t i c a l  models t o  quant i f y  the re la t i onsh ip  between l n l t l a t l n g  

events and u l t imate ef fects.  Ideal ly .  although not aluays I n  pract ice.  

the. resu l t s  o f  a r i s k  assessment r e f l e c t  both the inherent uncertainty 

o f  events (e.9.. p r o b a b i l i t i e s  of p ipe  ruptures o r  frequencies o f  

rainstorms) and the s c i e n t l f  l c  .uncertainty r e s u l t i n g  from an inadequate 

understanding of  causelef f e c t  re lat ionships.  
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A risk-based approach to ecological effects assessment and 

management differs fundamentally from conventional impact or hazard 

assessment. In ecological risk assessment, uncertainties concerning 

potential effects must be explicitly recognized and, if possible, 

quantified. It is necessary to consider not only uncertainty regarding 

the biological effects of environmental stressors, but alsc the 

inherent variability of natural populations and ecosystems. Moreover, 

ecological risk assessments used in decision making should be based, to 

the greatest extent possible, on objective estimates of ecological 

damage (e.g. , probabilities of population extinction or reductions in 

abundance of plants and animals). Such assessments require more 

Information about the environments and organisms potentially affected 

a than is used in current hazard assessment schemes for effluent 

discharges or toxic chemical releases. 

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. Flrst, the specific 

adverse effects to be evaluated, known as ‘end points,. are selected. 

Second, the environncnt within which the technology being assessed is 

located (the ‘reference environment’) is described. Third, a technical 

description of the facility that is the source of potential impacts is 

developed , and estimates of effluent magnitudes and composi tlons , or 

‘source terms , are developed. Fourth, appropriate environmental 

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

to estimate patterns of contaminant distribution In time and space. 
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Fifth, i n  the  #e f fec ts  assessment.# avai lab le tox ico log ica l  data arb 

analyzed t o  determine the e f fec ts  of the released contaminants on the 

organisms,exposed. F ina l ly .  a l l  o f  the previous steps are combined t o  

produce the f i n a l  r i s k  assessment. which expresses the  u l t imate e f fec ts  

, 

of  the  source terms on the end points  i n  the reference environment, 

The above scheme c losely  pa ra l l e l s  r i s k  assessment schemes used i n  

human heal th  r i s k  assessments. The components tha t  a re  unique t o  

ecological r i s k  assessment, and f o r  which no previous guidance was 

avai lable, include the se lect ion o f  (1) end po in ts  and (2)  methods f o r  

e f fec ts  assessment. Rationales f o r  the decisions made regarding these 

two components are presented here. 

1.2.1 End Points f o r  Environmental Risk Assessment 

There are no obdious ecological equivalents o f  cancer o r  core 

meltdown. hence, there can be no standardiz-d l i s t  o f  un iversa l l y  

appl icable ecological end points  f o r  r i s k  assessment. 

r i s k  assessment, however, any end po in t  should (1) have b io log ica l  

relevance, (2) be of  importance t o  society. ( 3 )  have an unambiguous 

operational de f i n i t i on ,  and ( 4 )  be accessible t o  p red ic t ion  and 

measurement. For synfuels r i s k  assessments, i t  was concluded t h a t  the 

most appropriate end points  were impacts on b io log i ca l  populations o f  

importance t o  society. Societal importance was emphasized because 

assessments of r i s k s  t o  Insects. zooplankton. o r  other organisms not  

perceived by soc iety  as being valuable are no t  l i k e l y  t o  inf luence 

dec is ion making unless they can be c lea r l y  shown t o  i nd i ca te  r i s k s  t o  

f ish,  w i l d l i f e ,  crops. o r  forest  trees. B io log i ca l  populations were 

To be useful i n  
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0 emphasized because (1) the death of an lndlvldual organlsm I s  usually 

blologically meaningless, and (2)  current scient l f lc  understanding of 

hlgher levels of organization (cornunities and ecosysten.;) I s  

insufficient t o  support the use of higher-level end points. 

Specific descriptlons and rationales for the five classes of end 

points used In synfuels risk assessments are presented here. They were 

chosen on the basis of t h e i r  perceived importance and the aval labl l l ty  

of methods f o r  quantlfying population-level effects ,  without regard 

t o  any known o r  hypothesized vulnerablllty t o  synfoelsderived 

environmental contamlnants. The existence and quantf t y  of toxicity 

data relating t o  the end point biota were not considered. 

1.2.1.1 Reductions i n  abundance and Droductlon of comnercial o r  

game fish DoDulations. 

among the most soclally important impacts on aquatlc ecosystems. These 

species are  a l so  important Indicators of the ecological health of 

Impacts on f i s h  species harvested by man are  

aquatlc ecosystems. h n y  harvested f i s h ,  especlally game f i s h ,  are  

predators a t  the top of aquatlc food chains; these top predators a re  

frequently among the first species t o  disappear as a resul t  of 

disturbances. 

1.2.1.2 DeveloDment of a h a 1  DoDulations tha t  detract  from water 

- use. 

nutrient additlons t o  lakes or  reservoirs. These blooms a re  a nuisance 

Undesirable blooms of algae comnonly occur as  consequences of 

t o  shoreline residents and recreatlonal lake users; they can affect  

f i s h  populations and cause t a s t e  and odor problems i n  d r i n k i n g  water. 

Although changes i n  the abundance and relatlve concentratlons of 

inorganic nutrients a re  responsible f o r  most such blooms, they can also 
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be caused by reductions i n  grazing pressure from zooplankton t h a t  a i e  

sensit ive t o  toxic chemicals, and they could, a t  least  i n  theory, be 

caused by species-specific differences i n  sensi t ivi ty  t o  toxic 

. 

chemicals. 

.1.2.1.3 Reductions i n  timber Yield and undesirable chanqes i n  

forest  c m o s i t i o n .  

recreational values as well as indirect  values. Direct economic values 

Fore53 have d i rec t  economlc, aesthetic,  and 

are  the easiest  t o  quantify. Aesthetic and recreational values of 

forests  can be related t o  primary production because of the general 

preferences for  mature forests  w i t h  large t rees ,  however, 

pollution-induced chlorosis and necrosis of t r ee  leaves is also an 

importaiit aesthett: impact, even when reductions i n  y i e l d  cannot be 

detected. The indirect  values of forests  are  possibly the most 

Important, b u t  they are  d i f f i c u l t  t o  analyze. These values Include 

erosion and fiood control, removal and detoxification of pollutants, 

and climate moderation. Although production has been used as an index 

of indirect  values, comnunity s t ructure  and composition are  a lso 

clear ly  important. 

1.2.1.4 Reductions i n  ataricultural D t O d U C t i O n .  The value of 

agriculture is  self-evident. 

assessment, agriculture i s  assumed t o  refer only t o  crop production. 

For the purpcse of synfuels risk 

Livestock and poultry a re  considered w i t h  w i l d l i f e ,  because assessments 

of risks t o  a l l  vertebrate animals a re  based on the same toxicological 

data base. 

1.2.1.5 Reductions i n  wi ld l i fe  DoDulations. Wildlife is  valued 

a s  game and as  an object of various fonns of nondestructive 
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appreciation. Hunting, bird watchlng, and other wildlife-orlented 

forms of outdoor recreation are economically and psychologically 

important. 

toxicity, habitat modification, or food-chain dynamics. 

Effects of pollutants on wildlife may result from direct 

1.2.2 Methods for Ecoloqical Effects Assessment 

Direct information on risks to populations In nature, comparable to 

human epidemlologlcal data, is  rarely available and often unobtainable 

even in principle. For the case of ecological effects of toxic 

chemicals, it i s  inevitably necessary to extrapolate risk estimates 

from laboratory toxicity test data or from limited field experiments. 

The quantity, quality, and applicability of available test data varies 

vastly among chemicals and end point biota. 

from even the best laboratory data are compromised by incomplete 

characterization of the species compositions of affected environments, 

In addition, extrapolations 

blotic Interactlons among the exposed populations, and interactions 

with other stresses (e.g., exploitation by man) that affect the expored 

populations. 
c 

Biven the diversity of end.points and the variety of data types 

that must be accomnodated, it i s  clear that no single method can be 

adequate for making all of the necessary extrapolations for all 

chemicals and end points of interest. Moreover, confidence In the 

conclusions from any risk assessment i s  increased i f  similar 

conclusions can be reached using several independent methods. 

Consequently, at the inltlatlon of the project, it was determined that 

five distinctly different methods for assessing ecological effects of 
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t o x i c  chemicals fo r  r i s k  assessment would be investigated. The 

fo l low ing  subsections b r i e f l y  describe the major charac ter is t i cs  of  

the  f i v e  methods and present the  rat ionales f o r  t h e i r  choice. As 

previously noted, f a u l t  t r e e  analysis and the  ana ly t i c  hierarchy 

process were abandoned fo l low ing  a p p l i c t t l o n  i n  a prel iminary r i s k  

assessment f o r  i n d i r e c t  coal . l iquefact ion.  To i l l u s t r a t e  the 

d i f f i c u l t y  o f  applying methods borrowed from other f i e l d s  t o  ecological 

assessment problems, the  reasons f o r  f a i l u r e  o f  our appl icat ions of  

these two methods are discussed. 

1.2.2.1 Fault t r e e  analysis. Fau l t  t r e e  analysis i s  a standard 

method used i n  engineering safety assessments t o  i d e n t i f y  events and 

system states tha t  can lead t o  disastrous f a i l u r e s  o f  complex systems 

such as nuclear power plants and space shutt les.  A f a u l t  t r e e  i s  a 

model t h a t  g raph ica l l y  and l o g i c a l l y  represents these events and 

states. When the p robab i l i t i es  o f  each o f  t h e  possible i n i t i a t i n g  

events are specified, the  f a u l t  t r e e  can be used t o  ca lcu la te  the  

p r o b a b i l i t y  of f a i l u r e  o f  the  whole system. 

There i s  an appealing analogy between complex engineering systems 

and complex ecosystems, and i t  i s  even possible t o  de f ine  ecological  

' f a i  lures,' such as populat ion ext inct ions,  t h a t  are analogous t o  

b o i l e r  explosions o r  core meltdowns. 

t rees  were developed f o r  (1) recruitment f a i l u r e  i n  a f i s h  populat ion 

awl (2) l o c a l  ex t i nc t i on  o f  a b i r d  population. These f a u l t  t rees  

proved usefu l  i n  i l l u s t r a t i n g  the  various possible d i r e c t  and i n d i r e c t  

pathways through which t o x i c  chemicals can a f f e c t  populations; however, 

Based on t h i s  analogy. f a u l t  

i t  i s  c l e a r l y  impossible t o  perform quan t i t a t i ve  analyses of ecological  
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. f a u l t  trees. One major problem Is the d l f f i c u l t y  o f  est lmatlng 

probab:llt les f o r  the various l n l t l a l  states t h a t  make populatlons 

vulnerable t o  add l t lona l  stresses (e.9.. hab l ta t  res t r l c t l ons ) .  Hore 

fundamentally, the  contlnuous responses and cumulatlve e f fec ts  tha t  

characterize responses of  b io log i ca l  systems t o  stress cannot be 

represented using the binary l o g l c  o f  f a u l t  trees. 

without quant l f icat lon,  constructlon o f  ecologlcal f a u l t  t rees can 

serve Important heu r l s t l c  functlons. 

However, even 

1.2.2.2 Analyt ic hierarchy Drocess. The ana ly t i c  hlerarchy 

process (Saaty 1980) i s  a decislon-maklng technique developed f o r  use 

In economlc planning. 

the elements o f  a declslon I n t o  a hierarchy and (2) the use o f  expert 

I t s  two basic components are (1) the ordering o f  

opinion t o  rank the  elements o f  each leve l  i n  the  hierarchy. This 

approach was Intended t o  be used i n  s i tua t ions  where q u a l i t a t l v e l y  

d i f f e r e n t  a t t r i bu tes  must be compared, quant i ta t l ve  measurement scales 

are unavailable, and/or subject lve judgments are necessary. Because 

a l l  o f  these charac ter is t l cs  are t y p i c a l  a t t r i bu tes  o f  environmental 

assessment problems, It seemed possible t h a t  the ana ly t i c  hierarchy 

process could be f r u i t f u l l y  used as an a l te rna t i ve  t o  quant l ta t l ve  

assessment models. For example, the dec ls lon about the r e l a t i v e  hazard 

of 17 components o f  a complex e f f l u e n t  mixture can be h le ra rch l ca l l y  

ordered i n t o  comparisons o f  the  r e l a t i v e  importance o f  d i f f e r e n t  f i s h  

populatlons tha t  may be exposed, the r e l a t l v e  Importance o f  d i r e c t  and 

I n d i r e c t  e f fec ts  o f  chemicals on each f i s h  populatlon, and so f o r t h  

down t o  the  e f fec ts  of  each e f f l u e n t  component on the  exposed organisms; 
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When t h i s  approach was appl ied using expert ecologists and 

tox ico log is ts ,  In te res t ing  resu l t s  were, i n  fact ,  obtained. Taking 

i n t o  account Information and opinions t h a t  could not  be ob jec t i f i ed  

w i t h  any o f  the  s t r i c t l y  quan t i t a t i ve  methods used i n  the pre l iminary 

r i s k  assessment f o r  i n d i r e c t  coal l ique fac t ion  (e.g., microbia l  

degradation o f  contaminants i n  sol 1s) , both aquatic and t e r r e s t r i a l  

experts rated organic contaminants as subs tan t ia l l y  less hazardous than 

would be predicted based on t o x i c i t y  alone. However, t he  ana ly t i c  

hierarchy process proved t o  be p r o h i b i t i v e l y  cumbersome when applied t o  

the synfuels r i s k  assessment problem because of  the necessity f o r  la rge  

numbers of  pa i r -u ise comparisons among classes o f  chemicals. 

example, applying the method t o  '17 contaminant classes requires 136 

p a i r r i s e  comparisons of r e l a t i v e  t o x i c i t y  f o r  each type of  organism 

For 

exposed. Although the method appears promising, adapting i t s  use w i t h  

synfuels r i s k  assessment was judged t o  be beyond the scope o f  t h i s  

p ro jec t  . 
1.2.2.3 guot ient  method. The quot ient  method e n t a i l s  a d i r e c t  

comparison of the estimated concentration o f  a chemical i n  the  ambient 

environment w i th  a measured tox i co  

(e.9.. an LC50) f o r  t h a t  chemical. 

uncer ta in t ies o r  t o  extrapolate t o  

the  quot ient  method is not  a quant 

ogi ca 1 benchmark concentrat 1 on 

No attempt is made t o  quant i f y  

population-level e f fects .  As such, 

t a t l v e  r i s k  assessment technique 

according t o  the d e f i n i t i o n  used i n  t h i s  pro ject .  However, t h i s  method 

i s  nonetheless an important component o f  any r i s k  assessment scheme f o r  

t o x i c  chemicals. There are two major reasons f o r  t h i s .  F i r s t ,  the 

quot ien t  method is  a valuable screening technique because environmental 
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, concentrations of chemlcals that are several orders of magnltude below 

concentrations that affect laboratory test organisms are unlikely to 

have serious ecological consequences. Second, direct comparisons 

between envi ronmental concentrations and laboratory test data are the 

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

quotient method provides a means of comparing results obtained using 

more sophisticated, quantitative risk assessment techniques with 

results obtained using conventional procedures.. 

Not all toxicological benchmarks are equally useful in applying 

the quotient method; moreover, substantial care must be used In 

cornparing toxicity test data obtained under differing experimental 

conditions. These issues, as well as (1) criteria for interpreting 

values of quotients and (2) procedures for evaluating complex effluents 

using the toxic units approach, are discussed In detail in Section 3 of 

this report.. 

1.2.2.4 Analvsis of extrapolation error. The classical 

to assessing potential ecological effects o f  toxic chemicals 

on laboratory testing using one or a few standard species and 

stages. Variability among species, life stages, and exposure 

is accounted for by using correction factors, supposedly sens 

- 

approach 

s based 

life 

durat ions 

tive 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 1s still possible, because of 

the sources of variability previously mentioned, that effects will 

occur even if the safe level is not exceeded. 

000823 
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Section 4 of this report presents a method for explicitly 

quantifying uncertainty resulting from (1) interspecies differences in 

sensitivity and (2) the variable relationship between acute and chronic 

effects of chemicals. The method, known as analysis of extrapolation 

error, is based on statistical analysis of acute and chronic toxicity 

test data sets collected using uniform experimental protocols. At the 

time technology risk assessments for this project were performed, 

adequate data sets were available only for. fish. 

Given a chemical and species of interest, regression equations 

derived from the data base can be used to estimate a chronic effects 

threshold for the species of interest from a 96-h LCs0 for either 

(1) the species itself or (2) any other species that has been tested. 

Residual errors from the regressions are used to estimte the prediction 

error o f  the estknated effects threshold and, consequently, the risk 

that a given environmental concentration of the chemical being assessed 

exceeds the chronic effects threshold of the species of interest. 

Section 5 presents an extension of analysis of extrapolation error 

that enables extrapolation of individual-level effects of toxic 

chemicals to effects on populations. This extrapolation involves 

estimating concentration-response functions, with confidence bands, and 

linking these functions to a life-cycle model of the species of 

interest. The objective of this extension of the original methodology 

is to enable extrapolation to the level of ultimate end-points, that 

is, reductions in valued populations. Develop,ment of the 

population-level assessment model was not completed in time for use in 

the four synfuels technology assessments. 
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* 1.2.2.5 Ecosystem u n c e r t a i m i  analvsis. As heretofore noted. 

e f fects  of  environmental stresses on r e a l  populations depend on complex 

b i o t i c  and a b i o t i c  processes t h a t  cannot be reproduced i n  the  

laboratory. Although many stresses can be usc fu l l y  studied i n  f i e l d  

experiments, such experiments a re  impossible f o r  some r i s k  assessment 

problems. Mathematical models o f  the b i o l o g i c a l  systems o f  i n t e r e s t  

provide an a l te rna t i ve  means o f  incorporat ing environmental complexity 

i n  r i s k  assessments. I n  pa r t i cu la r ,  eco log ica l  models can incorporate 

' b io log ica l  phenomena, such as competit ion and predation, t h a t  can 

ragn i f y  o r  o f f s e t  the d i r e c t  e f f e c t s  of contaminants on organisms. 

the synfuels r i s k  assessment p ro jec t ,  recent developments i n  systems 

ecology were explo i ted t o  develop an assessment method known as 

ecosystem uncer ta in ty  analysis. 

f o r  

I n  ecosystem uncer ta in ty  analysis, e f fec ts  of  s t ress  on Ind i v idua l  

organism are  extrapolated t o  n e t  e f fec ts  on populations and t rophic  

leve ls  using an ecosystem s inu la t i on  model. 

associated w i t h  ind iv idua l - leve l  e f f e c t s  are t rans la ted  i n t o  estimates 

o f  r i sks  o f  s i g n i f i c a n t  adverse changes i n  the  model populat ions. An 

EstiPlates o f  uncer ta in t ies  

ex is t ing  ecosysteia model, the  Standard Water Colum Model (SWACOM), was 

used f o r  the  synfuels r i s k  assessment, however, i t  was necessary t o  

develop a procedure f o r  t rans la t i ng  laboratory  t e s t  resu l ts ,  such as 

LCs0s, i n t o  changes i n  model parameters, such as photosynthesis and 

resp i ra t ion  rates. 

In Section 6 of t h l s  report,  t h e  basic concepts used !n ecosystem 

uncer ta in ty  analys is  are described, and several appl icat ions o f  the 

method are presented and discussed. The fundamental components of t he  



O R N L d Z S l  16 

method include (1) the l i n k i n g  of toxici ty  data t o  changes i n  

ecological ra te  processes and (2) t h e  use of e f f i c i en t  uncertainty 

analysis techniques t o  extrapolate from parameter uncertainties t o  

ultimate risks. The specific ecological model used i n  an assessment 

can be selected t o  meet the needs of the problem a t  hand. I t  I s  

expected tha t  i n  many future applications SWACOH w i l l  be replaced by a 

more aoproprlate model. 

1.3 ORGANIZATION OF USERS' MANUAL 

The remaining sections of t h i s  report describe the  steps i n  an 

ecological risk assessment f o r  a synfuels f ac i l i t y ,  any other f a c i l i t y  

producing chemical effluents,  or  an individual chemical. I t  Is  assumed 

t h a t  source terms, i n  units of mass per u n i t  time, have been provided 

t o  the risk assessor. 

Section 2 describes the process of modeling the transport  and 

transformation of contaminants i n  a i r ,  surface water, and groundwater. 

Because of the large number of exis t ing models available fo r  use i n  

exposure assessments, the emphasis In t h i s  section Is  on c r i t e r i a  for  

selecting models t h a t  are properly matched t o  the available information 

concerning (1 ) the environmental chemistry of the contaminant( s )  

being modeled, (2 )  the  spatfoteslporal resolution of data on the 

character is t ics  of the reference envirorrent,  and ( 3 )  the  requirements 

of the  effects  assessment methods betng used. 

Sections 3 through 6 document t h e  e f fec ts  assessment methods used 

i n  the  synfuels risk assessments. 

emphasis is on explanation and documentation of biological assumptions, 

Throughout these sections,  the 
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, statistlcal/mathernatical methods, and data sources. No attempt was 

made to document the computer codes used by the project staff in 

implementing the methods. It is expected that, because of differing 

computing conflgurations and assessment needs, the code modifications 

required by most users of the risk assessment methodology would render 

any such documentation effectively useless. 

Section 7 discusses the integration of exposure and effects 

assessments to produce overall ecological risk assessments for toxic 

chemicals. In addition, Section 1 discusses the application of the 

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 utility and scientific credibility 

of ecological risk assessment. 
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2. EXPOSURE ASSESSMENT 

L. W. Barnthouse 

For the purpose of  r i s k  assessments f o r  t ox i c  chemicals, exposure 

assessment may be defined as the  mdetermination of the  concentration of  

t o x i c  materials i n  space and t ime a t  the in te r face  w i t h  ta rge t  

populations' (Travis e t  a l .  1983). Before an exposure assessment can 

be performed, i t  i s  necessary t o  develop (1) source terms for t he  

technology (or other contaminant source) being assessed and (2) a 

descr ip t ion o f  the environaent i n t o  uhlch contaminants w i l l  be 

released. The source terms are  simply estimates o f  the  quant i ty  and 

composition o f  contaminant releases. They may be e i t h e r  t i m e  

dependent, as i n  accidental s p i l l s  or upset events, or t ime 

independent, as i n  continuous rou t ine  emissions. Reference 

environmental descript ions are those of  (1) the b io ta  t h a t  may be 

exposed t o  contaminant releases and (2) the  hydrological , 
topographical , geological , and meteorological charac ter is t i cs  o f  the  

environment tha t  a f f e c t  t he  t ranspor t  and transfonnatlon o f  

contaminants. Environmental Character is t ics  may vary i n  time and 

space. Given source terms and a reference environment, t he  key step i n  

exposure assessment i s  t he  use o f  a model o f  contaminant t ranspor t  and 

transformation t o  quant i fy  the  movement of contarninants from the 

source, through the  envlroraent, t o  the ta rge t  populations. 

Many atmospheric, surface water, groundwater, and multimedia 

models have been developed for quanti fying the  environmental f a t e  o f  

rad ionucl ides and t o x i c  contaminants. Rather than developing e n t i r e l y  
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, new &del> for  the synfuels risk assessments, existing models that 

appeared appropriate were selected and, where necessary, modif led. 

Only general descriptions of t h e  models are  presented here; detal led 

documentation is  provided elsewhere (Travis e t  a l .  1983). Only the 

atmospheric and surface water pathways a re  discussed In t h i s  section, 

because these are the primary routes of exposure f o r  aquatic and 

terrestrial biota. The particular models chosen f o r  the synfuels risk 

assessments were selected based on the following considerations: 

1. R i sk  assessments were t o  be performed fo r  technologies and 
processes rather than specific plants and s i tes .  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 t o  
be assessed was poorly understood. 

3. Both acute and chronic ecological effects  were t o  be 
considered. 

4. For ecological effects  a t  the screening level, near-field 
exposure assessments should be ruff Went .  The concentrations 
of toxic contaminants would be expected t o  decline w i t h  
decreasing distance from the source; therefore, i f  risks are 
minimal i n  the near f i e l d ,  they should also be minimal i n  the 
far  field.  

5. Both the inherent variabi l i  t y  of environmental processes and 
sc ien t i f ic  uncertainty concerning the f a t e  of synfuelsderived 
Contaminants should be expl ic i t ly  modeled. 

6. Hodels used In synfuels risk assessment should rely, t o  the 
extent appropriate, on models t h a t  have proved useful i n  other 
types of envi ronmemtal assessments. 

The above considerations suggested tha t  re la t ively simple b u t  

f lexible  environmental transport models would be best suited f o r  

synfuels risk assessments. Because of the lack of specif ic i ty  of the 
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source terms and the generic nature of the assessment, it was detehined , 

that generalized site descriptions characteristic of broad regions in 

which synfuels facilities mlght be sited, rather than detailed 

descriptions of particular sites, would be used. Given the use of 

generalized site descriptions, high spatiotemporal resolution in the 

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

chemicals involved and the poor understanding of the environmental 

chemistry of most of them, it seemed prudent to limit the modeling of 

chemical transformations and mass transfers to simple, first-order 

rates based on direct measurements or structure-activity relationships. 

Whatever information exists should be incorporated to avoid undue 

conservatism (e.g., by assuming complete solubility and no degradation 

of organic chemicals); however, consideration of hlgher-order processes 

and multistep transformations could be deferred to subsequent 

assessments focused on those contaminants identified in initial 

assessments to be potential ly hazardous. 

Because of the need to consider both acute effects of 

short-duration, high-level exposures and chronic effects of long-term, 

low-level exposures, the models would have to operate on time scales 

ranging from hours to months and years. Uncertainty and variability 

are important aspects of risk analysis; therefore, it was desirable for 

the models to be amenable to error analysis (6ardner et al. 1981), both 

to quantify scientlf ic uncertainty regarding transport processes and to 

model hydrological and meteorological variability that affects the 

transport and fate of chemicals. 
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Because of the many similarities between the transport of 

radionuclides from power plants and the transport of chemical 

contaminants from Industrial facilities, the models used in 

radiological impact assessments performed for the U.S. Nuclear 

Regulatory Comnlsslon and the U.S. €nvironmental Protection Agency were 

taken as the starting points for choosing environmental transport 

models for synfuels 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 simi lar 

in concept to the EXAHS model (Baughman and Lassiter 1978) but simpler 

in terms of process c9emistt-y and environmental detail. This model i s  

also similar to the radionuclide transport model described by Niemczyk, 

Adbms, and nurfin (1980). It i s  intended as a flexible descrlptor of 

the transport and fate of contaminants in streams and rivers. Rivers, 

rather than lakes, were chosen as model environments because the most 

c o m n  proposed sites for synfuels plants are on rivers. As in EXAMS, 

a river i s  represented as a connected series of completely mixed 

reaches. Within each reach, steady-state contarninant concentrations 

are estimated based on dilution and on physical/chemlcal removal from 

the water column. The steady-state contaminant concentration (C ) 

in the first reach downstream from a continuous effluent discharge is 
w, 1 

given by 
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where 

I =  

v1 = 

Ql = 
5 

kt,l 

. 
24 

contaminant i npu t  r a t e  (kg/s) , 
3 volume of  f i r s t  reach (m ), 

stream discharge o f  f i r s t  reach (m A ) ,  and 

f i r s t -o rde r  contaminant removal r a t e  f o r  

the f i r s t  reach. 

3 

The steady-state concentration f o r  the nth reach downstream from the 

f i r s t  i s  given by 

The f i r s t -o rde r  removal r a t e  (k ) i s  equal t o  the  sum o f  
t,n 

f i r s t - o r d e r  rates due t o  v o l a t i l i z a t i o n ,  se t t l i ng ,  d i r e c t  photolysis, 

and biological/chemical.degradation. With the exception o f  

biological/chemical degradation, a l l  o f  t he  above ra tes  are modeled as 

functions o f  environmental parameters and physical/chemical proper t ies 

of t he  contaminants. 

v o l a t i l i z a t i o n ,  se t t l i ng ,  adsorption, and photo lys is  are presented i n  

Section 2.3.2 o f  Travis e t  a l .  (1983). 

Procedures f o r  est imating r a t e  constants f o r  

For the purpose o f  ecolog ica l  r i s k  assessment, on ly  a l-km stream 

reach Imnediately downstream from the assumed contaminant release po in t  

was modeled. I n  e f fec t ,  the  released contaminants were assumed t o  be 

completely d i l u ted  w i th in  a #boxm 1 km i n  length. This reach s i ze  was 

selected on the  basis of  b io log ica l /soc ia l  s ign i f icance.  It i s  

u n l i k e l y  t h a t  adverse ecolog ica l  consequences would ensue from the  

k i l l i n g  o f  one f i s h  a t  the end of  a discharge pipe. However, t he  
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biol’ogical degradation of a 1-km river segment could significantly 

reduce biological production o r  d i s r u p t  local fish populations (e i ther  

through direct  mortality or  through indirect  effects  such as  

Interference w i t h  migration). An impact on t h i s  scale would also 

likely be considered unacceptable by local residents. 

The requirement t o  assess both short-term and long-term effects  

was met by modeling the effects  of stochastically varying hydrologic 

parameters such as stream discharge, temperature, and sediment load. 

Realistic distributions f o r  these parameters were obtained from U.S. 

Geological Survey water resources monitoring data for  streams typ!cal 

of those on which synfuels plants might be sited (Travis e t  a l .  1983, 

Sect. 3 ) .  Frequency distributions for  contaminant concentrations were 

computed as functions of the distribution2 of hydrologic parameters, 

according t o  the procedure of Gardner e t  a l .  (1981). 

chronic effects,  the median dai ly  concentration was chosen as the best 

estimator of the long-tern average concentration t o  which organisms 

would be exposed. For assessing acute effects ,  the concentration 

chosen was the upper 95th percentile concentration, tha t  i s ,  the 

For assessing 

concentration expected t o  be met or  exceeded on only 5% of days. 

In practice, i t  was found tha t  an even simpler model would have 

been sufficient fo r  the purpose of ecological risk assessment. 

Estimated water-column half-lives for  contaminants of In te res t  In 
2 4 synfuels risk assessment were on the order of 10 t o  10 h 

(Barnthouse e t  a l .  1985a). Processes operat:ng a t  these ra tes  have 

negligible effects  on water-column concentrations i n  the near f ie ld .  . 
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Near-f ield concentrations su i tab le  f o r  ecological r i s k  assessment 

can be obtained by modeling only  (1) d i l u t i o n ,  as determined by 

s tochas t ica l l y  varying stream discharges; and (2)  essent ia l l y  

instantaneous chemical processes such as i on i za t i on  and complexation. 

.2.2 ATMOSPHERIC TRANSPORT, TRANSFORCIATION, AND DEPOSITION 

Many computer codes e x i s t  f o r  ca lcu la t ing  the  transport,  

transformatlon, and deposit ion of  radionuclides and t o x i c  contaminants 

w i th in  SO km o f  a po l l u tan t  source. Host are var iants  of a s ing le 

underlying model, the 6aussian plume. 

Gaussian plume predic ts  the d i f f u s i o n  and dispersion o f  a conservative, 

gaseous substance f rom a continuous point  source elevated above the  

ground, under constant wind speed and homogeneous atmospheric 

conditions, and over uniformly f l a t  te r ra in .  The basic model can be 

modified t o  account f o r  such phenomena as p l u m  !Juoyancy, atmospheric 

s t r a t i f i c a t i o n ,  contaminant degradation o r  decay, and wet and dry 

deposit ion o f  pa r t i c l es  and aerosols. 

I n  I t s  simplest form, the 

Because o f  the r e l a t i v e  ease of  app l i ca t ion  o f  6aussian plume 

models and the large accumulated experience w i t h  these models, a 

Gaussian plume model was used t o  ca lcu late atmospheric exposures f o r  

synfuels r i s k  assessment. The spec i f i c  code chosen was AIRDOS-EPA 

(Moore e t  a l .  19791. This model was chosen over f i v e  a l te rna t ives  

because i t  (1 ) incorporates f i r s t -o rde r  degradation rates f o r  

po l lu tan ts ,  (2 )  can estlmate surface deposit ion rates, and 

( 3 )  provides output i n  a form su i tab le  f o r  ca l cu la t i ng  exposures t o  

human populat ions. The equations f o r  est imating plume dispersion, 
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, contdminant degradation, d ry  deposition, and wet deposi t ion i n  

AIRDOS-€PA are presented i n  Section 2.2.2 o f  Travis e t  a l .  (1983).  

The AIRDOS-€PA code calculates average ground-level atmospheric 

concentrations and surface deposit ion rates f o r  s ix teen 22.5' sectors 

surrounding the  plume source. 

Adverse meteorological condit ions (such as invers ions)  can lead t o  

high ground-level concentrations t h a t  cause acute t o x i c i t y  t o  exposed 

p lants  and animals. Such condit ions occur on t ime scales o f  frm 8 h 

t o  a few days. Unfortunately, Gaussian plume models are r e l a t i v e l y  

poor predic tors  o f  short-term plume behavior (Hoffman e t  a l .  1978).  

These models are much b e t t e r  predic tors  o f  annual average 

concentrations. 

annual average concentrations were calculated a t  500 m in te rva l s  over 

the  16 sectors modeled i n  AIRDOS-€PA, and the h ighest  o f  these averages 

was used i n  the  synfuels r i s k  assessments (Barnthouse e t  a l .  1985b, 

Sect. 2 . 3 ) .  

. 

As a subs t i t u te  for short-term exposure estimates, 

Deposited contaminants, when dissolved i n  s o i l  water, can cause 

- t o x i c  e f f e c t s  on exposed. p l a n t  roots. To provide r o o t  exposure 

estimates f o r  ecological r i s k  assessment, the deposi t ion rates from 

AIRDOS-€PA were used t o  estimate accumulation of  contaminants i n  s o i l  

over an assumed 35-year operational l i f e t i m e  o f  a synfuels  p lant .  As 

w i t h  ground-level atmospheric concentrations, accumulation was 

estimated a t  the p o i n t  o f  greatest  annual deposit ion. 

so lu t i on  exposure estimates incorporate both degradation of 

contaminants i n  so i  1 and p a r t i t i o n i n g  of Contaminants between s o i l  

p a r t i c l e s  and so lu t i on  (Barnthouse e t  a l .  1985b, Sect. 2 . 3 ) .  

The s o i l  
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The atmospheric exposure assessments perf ormed using AIRDOS-EPA 

did not meet all of the requirements for ecological risk assessments 

described in the introduction to this sectlon. Specifically, 

short-term exposures were not addressed, only worst-case exposures were 

estimated, and no error analyses were performed. These deficiencies 

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

loag-term exposures to human populations, however, any Gaussian plume 

model would have been of uncertain utility for estimating short-term 

exposures. Although other classes of models are more suitable for this 

purpose, such models require far more site-specif ic meteorological data 

than are appropriate for technology-level risk assessments. 6ivea 

necessary code modifications, error analyses of AIRDOS-EPA or any other 

similar code could be performed. 

perform such analyses for the synfuels risk assessment project, because 

preliminary screening using worst-case exposure estimates suggested 

that the majority of synfuels-related chemicals present negligible 

risks to terrestrial plants and animals (Suter et al. 1984, Barnthouse 

et al. 1985b). Future ecological risk assessments could, nowever, 

It was not deemed necessary t o  

benefit f tom the development of atmospheric exposure assessment models 

designed specifically for ecological risk assessment, wlth capabilities 

for modeling shortduration events and Incorporating error analyses. 



29 ORNL-6251 

REFERENCES (SECTION 2) 

Barnthouse, L. W., 6. W. Suter 11, C. F. Baes 111, S. H .  Bartel:, 

R. H. Gardner, R. E. Hillemann, R. V. O 'Nei l l ,  C. 0 .  Powers, 

A. E. Rosen, L. L. Sigal, and 0 .  S. Vaughan. 19B5a. Un i t  Release 

Risk Analysis f o r  Environmental Contaminants of  Poten t ia l  Concern 

i n  Synthetic Fuels Technologies. ORNL/TM-9070. Oak Ridge 

National Laboratory, Oak Ridge, Tenn. 

Barnthouse, L. W., 6. W. Suter 11, C. F. Baes 111, S. H .  Bar te l l ,  

M. 6. Cavendish, R. H. Gardner, R. V. O ' N e i l l ,  and A. E. Rosen. 

1985b. Environmenial Risk Analysis f o r  I nd i rec t  Coal 

Liquefaction. ORNL/TH-9120. Oak Ridge National Laboratory, 

Oak Ridge, Tenn. 

Baughman, 6. L., and R. R. Lass i ter .  1978. Predict ion of 

environmental p o l l u t i o n  concentration. pp. 35-44. I N  J. Cairns, 

K. L. Dickson, and A. W. Maki (eds.), Estimating t h e  Hazard of 

Chemical Substances t o  Aquatic L i fe .  ASTM STP 657. American 

Society f o r  Testing and Hater ia ls .  i ladelph ia,  Penn. 

Gardner, R. H., R. V. O'Neil l ,  3. B. Hankin, and J. H. Carney. 1981. 

A comparison of  s e n s i t i v i t y  and e r r o r  analysis based on a stream 

ecosystem model. Ecoloqical Model l ing 12:173-190. 

Hoffman. F. 0 . .  0 .  L. Schaeffcr, C. W. H i l l e r ,  and C. 1. Garten, Jr. 

(eds.) 1978. Proceedings of  a Workshop on the Evaluation of 

Models Used f o r  the Environmental Assessment of  Radionuclide 

Releases. CONF-770901. Oak Ridge National Laboratory, 

Oak Ridge, Tenn. 



ORNL-6251 30 

More, R. E., C. F. Baes 111, L. M. Mcbouell-Boyer, A. P. Watson, ' 

F. 0 .  Hoffman, 3. C. Pleasant, and C. W. H i l l e r .  1979. 

AIRDOS-EPA: A Computerized Uethodology f o r  Estlmating 

Environmental Concentrations and Dose t o  Man from A i  rbome 

Releases o f  Radionuclides. EPA-520n-79-009. U .S. Environmental 

Protect ion Agency Of f i ce  of Radiat ion Programs, Washington, D.C. 

Niemczyk, S. J., K. 6. Adams, and W. B. Murfin. 1980. Groundwater and 

surface water t ranspor t  and dispersion. Appendix B I N  The 

Consequences from Liquid Pathways Af te r  a Reactor Meltdown 

Accident. NURE6/CR-1596 (SAND80-1669), Sandia Nat ional  

Laboratories, Albuquerque, N.H. 

Suter, 6. W. 11, L. W. Barnthouse, C. F. Baes 111, 5. H. Ba r te l l ,  

H. 6.  Cavendish, R. H. Gardner, R. 'V. O'Nell l ,  and A. E. Rosen. 

1984. Environmental Risk Analysis f o r  D i rec t  Coal Liquefaction. 

ORNL/TH-9074. Oak Ridge National Laboratory, Oak Ridge, Tenn. 

Travis, C. C., C. F. Baes 111, L. W. Barnthouse, E. L. Etn ier ,  

G. A. Holton, B. D. Hurphy, 6. P. Thmpson, 6. W. Suter 11, and 

A. P. Watson. 1983. Exposure Assessment Methodology and 

Reference Envirdnments f o r  Synfuels Risk Analysis. ORNL/TH-8672. 

Oak Ridge Nat ional  Laboratory, Oak Ridge, Tenn. 



31 

3. TOXICITY QUOTIENTS 

6. W. Suter I1 

ORNL-6251 

3.1 DEFINITION 

The quotient method is  simply the direct aritbetic conparison of 

a benchmark concentration (BC) from a toxicity test with an expected 

environmental concentration (EEC). It Is typically calculated as the 

quotient of the ratio EEC/BC. 

assessments of the environmental hazards of chemicals. In this basic 

form, the method amounts to an assuraption that the test benchmark is a 

good model of the assessment end point (i.e., the level of toxic effect 

that is not to be exceeded in the ambient ecosystem). This assumption 

1s most likely to hold when the toxicity tests have been performed for 

the particular assessment, using the anticipated temporal pattern of 

It is  the basis for nearly all 

exposure and dilution water and organisms from the site. When it is  

recognized that this assumption may not hold, multiplicative factors 

are often applied to the.quotients. 

3.2 FACTORS 

The most c o m n  method of allowing for imperfect correspondence 

PlY between the benchmark concentration and the end point is to mult 

the quotient or either of Its components by factors. These are 

varlously referred to as safety factors, uncertainty factors, or 

correction factors, depending on whether the goal i s  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 assessor's 

knowledge and beliefs about the relationship between the test result 

and the anticipated effect in the field (Uount 1977). Wore recently, 

it has become comon to use multiplicative strings of factors, each of 

which accounts for a different correction or source of uncertainty 

(e.g., €PA 1985). These multiplicative chains imply an assumption that 

everything will go wrong at once. For example, the most sensitive life 

stage of the most sensitive species will be exposed to the most 

concentrated effluent at low-f lou conditions while debilitated by 

stress, and the actual response is at the limit of our range of 

uncertainty. 

extremely conservative. 

gossible uncertainties and corrections are included, so that the 

product of the factors will not be unacceptably large. To avoid the 

problems of subjectivi ty and conservatism, we have used unadorned 

quotients in our assessments and left the consideration of uncertainty 

and data extrapolation to methods that use more appropriate statistical 

models. 

If carried out consistently, this approach would be 

In actual applications, only a fraction of the 

3.3 IUPLEUENTATION 

The critical decisions in implementing the quotient method are 

(1 ) selection of expressions of the expected environmental concentration 

that reflect the pattern of exposure in the field, (2) selection of 

toxicological benchmarks that correspond to the effect of concern in the 

field, and (3) matching the benchmarks and environmental concentrgtions 
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. so tha t  t h e y  logically correspond. The selection and derivation of 

estimates of the expected environmental concentration is discussed i n  

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

3.3.1 Hatchincr Exposure and Effects 

If the quotient I s  t o  be consistent, the toxicological benchmark 

must bear a logical relationship t o  the expected environmental 

concentration. The first major problem i s  ensuring tha t  the medium 

and mode of exposure are  consistent. For example, the environmental 

concentration tha t  should be estimated f o r  benthic infauna is the pore 

water concentration rather than the f ree  water concentration, and per 

cutaneous toxici t ies  should be compared w i t h  concentrations i n  films on 

traversed surfaces rather than w i t h  bulk  concentrations. 

The second major problem is ensuring tha t  the response of the 

organism t o  the toxicant does not change the exposure. The most . 

conspicuous example I s  avoidance of polluted food o r  media. However, 

toxicants may also reduce feeding, thereby reducing the oral dose, o r  

may cause aquatic organisms t o  lose contact w i t h  the substrate and 

d r i f t  out of the area. Since behavioral data a re  lacking for  most 

chemicals, this problem is relatively seldom addressed, b u t  i t  should 

be kept i n  mind. 

The t h i r d  major problem i s  duration, which is a major source of  

confusion, largely because of amblguit :rs concerning the terms acute 

and chronic. The amblgulty a r i ses  from the use of these terms t o  

describe severity as well as duration. Acute exposures and 
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tox ic i t ies  are  assumed t o  be both of shorter duration and more severe' 

than chronic exposures and toxici t ies .  The implicit model behind th i s  

assumption Is tha t  chronic effects  are  sublethal responses tha t  occur 

because of the accumulation of the toxicant or of toxicant-induced 

injuries over long exposures. Conversely, i t  has become c lear  tha t  the 

most sensit ive responses i n  chronic toxicity t e s t s  for  aquatic 

organisms are typically effects  on sensitive l i f e  stages or  processes 

tha t  occur fa i r ly  quickly, do not require long prior exposures, and may 

be quite severe (McKim 1985). A s  a result ,  duration is  now often 

defined both i n  temporal terms and In terns of the l ife cycle of an 

organism (i.e., a chronic exposure is one tha t  potentially involves a l l  

l i f e  stages). 

The resulting confusion is  i l lustrated by the standard 

toxicological benchmarks fo r  f i s h .  The standard acute benchmark is  the 

96-hour median lethal concentration (LCs0) fo r  adult or juvenlle f i s h  

(EPA 1982, ASTH 1984, OECD 1981). The duration of this t e s t  was 

selected because most mortality i n  most such t e s t s  occurs i n  the first 

four days; i n  fact ,  this acute 

of the time-independent or  inc 

The standard chronic benchmark 

concentration (MATC),  which i s  

survival, growth, or  reproduct 

benchmark is  considered a good estimate 

p i en t  LCso (Rueslnk and Smi th  1915). 

is the maximum acceptable toxicant 

the threshold fo r  significant effects  on 

on (€PA 1982, ASTM 1984). Since th i s  

benchmark I s  based on only the most sensit ive response, l i f e  stages 

tha t  a re  generally less sensit ive have been dropped from chronic t e s t s  

so tha t  those t e s t s  have been reduced from l i f e  cycle (12 t o  30 months) 
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, t o  early l i fe  stages (28 t o  60 days) (RcKim 1985). Tests t h a t  expose 

larvae only for  11 (Birge e t  al.1981) or 7 days (Norberg and Uount, 

1985) have now been proposed as  equivalent t o  the longer chronic 

tes t s .  As a resul t ,  the  chronic benchmark for  f i s h  i s  now tied t o  

events of short duration ( t h e  presence and response of sensi t ive 

larvae), whereas the acute benchmark i s  applicable t o  exposures of 

indefinite duration and l i fe  stages tha t  are continuously present. 

Even the severity distinction i s  not clear. 

clearly indicates a severe effect ,  the fac t  tha t  the M A X  i s  t i ed  t o  a 

s t a t i s t i c a l  threshold rather than a specified magnitude of ef fec t  means 

tha t  i t  too can correspond t o  severe effects  (e.g., fa i lure  of more 

than half of the females t o  spawn a t  the MTC for  chlordane In Cardwell 

e t  a l .  1977). 

Although the LCso 

The solution for  the assessor i s  t o  disaggregate the concept of 

duration from severity when categorizing exposures. In the simplest 

case the temporal pattern of exposure f a l l s  into d i s t inc t  categories, 

based on characterist ics of the source and i t s  interactions w i t h  the 

environment. If the aqueous dilution volume is relatively constant, 

exposures may be divided into those tha t  result  from spills and other 

short-term upsets and those tha t  resul t  from routine releases. 

Exposures t o  an atmospheric release might be divided into plume s t r ikes  

(an hour o r  less) ,  stagnation events (a week or  less ) ,  and the growing 

season average exposure. In these cases the durations are  determined 

benchmarks must be selected t o  by the exposure, and the toxicologica 

match. 
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In other cases I t  may not be possible t o  identify d is t inc t  and ' 

re lat ively constant categories of exposure; there may simply be a 

continuous spectrum of fluctuations i n  exposure concentrations. 

such cases the biology of the toxicological responses must be used t o  

select  durations, and the exposure must be selected t o  match. For 

example, i f  the most sensit ive response t o  a chemical I s  mortality of 

larval f i s h ,  which beglns w l t h l n  a day of the  beginning of exposure, 

then the appropriate exposure concentration could be based on d i  lutlon 

of the effluent i n  the 24-h low flow tha t  recurs a t  an average interval 

of 10 years dur ing  the months i n  which larval fish are  present a t  the 

In  

s i te .  I n  any case, the matching of exposure w i t h  a toxicological 

benchmark should be based on an analysis of the s i tuat ion being 

assessed rather than on preconceptions about acute and chronic toxicity. 

3.3.2 Benchmark Selection 

In many cases the selection of toxicological benchmarks f o r  an 

assessment is  largely constrained by the ava i lab i l i ty  of published 

data, by differences i n  the quali ty of available data,  o r  by the need 

t o  match the benchmark t o  the mode and duration of exposure. However, 

when data a re  abundant or  when tes t ing can be prescribed by the 

assessor, toxlcologlcal benchmarks should be selected on the basis of 

t h e i r  s t a t i s t i c a l  form and t h e i r  expression of the important responses 

of  the organism of interest .  

3.3.2.1 S ta t i s t i ca l  form. There a re  two s t a t i s t i c a l  types 

of toxicological benchmarks: 

concentration-response function and prescribe a level of effect  and 

(1) those tha t  are based on a 
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.(2) those t h a t  are based on hypothesis tes t ing .  The f i r s t  type i s  

obtained by f i t t i n g  a funct ion t o  sets o f  po ints  r e l a t i n g  the  leve l  o f  

response (proport ion dying, mean weight, etc.) t o  an exposure 

concentration (dose, concentration i n  water, concentration i n  food, 

etc.). The concentration causing a p a r t l c u l a r  l eve l  o f  e f f e c t  I s  then 

obtained by Inverse regression. Examples o f  t h i s  type o f  benchmark 

inc lude the  LCso, median l e t h a l  dose (LDSO), median e f f e c t i v e  

concentration ( ECSo) and l e t h a l  threshold concentration ( LC1 ). 

The other s t a t i  s t l c a l  category o f  benchmarks consists o f  those 

t h a t  are derived by hypothesis t e s t i n g  techniques. Responses a t  the 

exposure concentrations are compared w i t h  cont ro l  (unexposed) responses 

t o  t e s t  the  n u l l  hypothesis t h a t  they are the same as the  cont ro l  

responses. Benchmarks o f  t h i s  type inc lude the  no observed e f f e c t  

l e v e l  (NOEL), t he  lowest observed e f f e c t  leve l  (LOEL) and the  MATC, 

which i s  assumed t o  l i e  between the  LOEL and the NOEL. 

The disadvantages o f  benchmarks based on hypothesis t e s t i n g  

r e l a t i v e  t o  those based on curve f i t t i n g  have been discussed by Stephan 

and Rogers ( i n  press). They inc lude (1) the use o f  conventional 

hypothesis t e s t i n g  procedures (w i th  a = 0.05 and 0 unconstrained) 

impl ies t h a t  i t  i s  very important t o  avoid dec lar ing t h a t  a 

concentrat ion i s  t o x i c  when it i s  not, bu t  i t  i s  no t  so important t o  

declare t h a t  a concentrat ion i s  no t  t o x i c  when It i s ;  (2) t he  threshold 

/ 

f o r  s t a t i s t i c a l  s ign i f icance does no t  correspond t o  a tox i co log i ca l  

threshold or t o  any p a r t i c u l a r  l eve l  o f  e f fec t ;  ( 3 )  poor t e s t i n g  

procedures increase the  variance i n  response and therefore reduce the 

apparent t o x i c i t y  o f  the chemical i n  a hypothesis tes t ;  and (4 )  the 
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resu l t s  a re  r e l a t , # e l y  sens i t i ve  t o  the  des.jn o f  the tes t .  The 

advantages o f  hypothesis t e s t i n g  benchmarks are t ' ra t  they can be 

calculated even when the t e s t  data are too  poor or meager f o r  curve 

f i t t i n g  and they a l low the  assessor t o  avoid spec i f i c  decisions about 

what const i tutes a s i g n i f i c a n t  leve l  o f  e f fec t .  We fee l  t h a t  

hypothesis tes t i ng  I s  general ly an inappropr iate way t o  ca lcu la te  

benchmarks; however, i n  many cases, t he  use o f  such benchmarks by the  

assessor i s  unavoidable. 

' 

3.3.2.2 Taxon-sDecific factors. We discuss here benchmarks 

cu r ren t l y  used t o  express t o x i c  e f fec ts  on the  f o u r  end p o i n t  taxa i n  

our r i s k  analyses: f ish, planktonic algae, t e r r e s t r i a l  vascular plants, 

and vertebrate w i l d l i f e .  

1. Fish 
The most abundant tox i co log i ca l  benchmark f o r  f i s h  i s  t he  96-h 

LCS0 f o r  a d u l t  or j uven i l e  (post- larval)  indiv iduals;  f o r  most 

chemicals. i t  i s  t h e  only type  o f  data avai lable. As previously 

described, i t  1s acute i n  terms of seve r i t y  bu t  i s  o f ten  appl icable t o  

extended durations. Since It does n o t  p ro tec t  e a r l y  l i f e  stages and 

impl ies m o r t a l i t y  i n  a l l  l i f e  stages, i t  can be thought o f  as a 

benchmark for conspicuous f i s h  k i l l s  ( l a rge  numbers o f  la rge  dead 

f i s h ) .  Although the  median response was chosen f o r  the  benchmark 

because o f  i t s  small variance r e l a t i v e  t o  other leve ls  o f  mor ta l i t y ,  a 

co r rec t i on  fac to r  must be appl ied i f  the  assessor i s  in te res ted  i n  

prevent ing low-level m o r t a l i t y  (EPA 1985). a process t h a t  adds 

cons 1 dera b 1 e variance . 
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Another problem w i t h  this benchmark is  tha t  i n  most cases only the 

response a t  96 h i s  reported. Hany assessments Involve transient 

events, and the time t o  mortality I s  more important than the percent 

mortal 1 t y  . However , despite the suggest1 ons of Sprague ( 1  973). 

Alabaster and Lloyd (1982) and others, the time course of mortality i s  

seldom reported. In defense of the 96 h LCso, it might be aqued 

that it is only meant t o  be used for  comparative purposes and not f o r  

assessment of effects.  However, assessments have been conducted and 

cr i te r ia  have been set on the basis of this benchmark because I t  i s  

available and bet ter  numbers a re  generally not. 

The standard benchmark fo r  chronic e f fec ts  on f i s h  i s  the HATC. 

As previously discussed, HATCs have a l l  of the considerable faul ts  of 

benchmrks tha t  are  derived from hypothesis t e s t s .  

i s  important t o  re i te ra te  tha t  assessments based on MAlCs do not 

provide a consistent level of .protection, and th t !  indus t ry  that  

perfoms the poorest tests wi l l ,  on average, be the least  regulated. 

In  t h i s  context, i t  

ish The most generally useful benchmarks f o r  assessing effects  on 

by the quotient method would be a s e t  of LC, values for  each of the 

l i f e  stages tha t  wil l  be exposed a t  1, 24, 48, and 96 h (or  longer 

mortality continues), p lus  EC1 values f o r  growth and fecundity i n  

f 

suitably long exposures. Individual thresholds could then be selected 

fo r  each assessment, depending on the l i f e  stages t h a t  w i l l  be exposed 

and the duration of the exposure. 

If a l l  l i fe  stages w i l l  be exposed t o  a re la t ively constant 

concentratlon of the toxicant, then a global benchmark (one that  

integrates the individual measured e f fec ts  [Javi tz ,  1982)] may be 
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preferred as  an expression of chronic effects .  The simplest such 

benchmark i s  the standing crop of f i s h  a t  t h e  end of the t e s t .  More 

comnonly, the weight of young per . in i t ia1  female (or  i n i t i a l  egg, i n  

the case o f  early l i f e  stage tests)  i s  calculated as  

1 s,s 2...snml 

where Sx is the survivorship of l i f e  stage x, M is  fecundity, and W 

i s  the weight of the final cohort (e-g-,  Eaton e t  a l .  1978). A t h i r d  

global benchmark (which can only be used w i t h  life-cycle resul ts)  i s  

the in t r ins ic  rate of increase r which is  calculated from: 

-rx 1 lxmxe = 1 

where 1 i s  the proportion surviving t o  age x, and m is the number of 

female offspring produced by a female of age x du r ing  the next interval 

(e.g., Daniels and Allan 1981). The  in t r ins ic  rate of increase, r, 

is a more appropriate benchmark fo r  invertebrates than f i s h ,  since 

life-cycle t e s t s  are st i l l  routlnely performed w i t h  invertebrates, and 

effects  on growth (which are  not included i n  the formula f o r  r) are  

reflected i n  fecundity i n  invertebrate chronfc tes t s .  

The main advantage of global benchmarks i s  that  they combine a 

d i v e r s i t y  of individual responses, SOIIC of rrhich have l i t t l e  intuitive 

significance, into a parameter t ha t  has the form of a population-level 

response. Global responses may be more sensitive than individual 

responses when a number of small toxic  e f f ec t s  are combined i n t o  one 

large global response; however, sens i t iv i ty  can also be reduced i f  
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toxi'c effects  are  combined w i t h  honnetic or pseudo-hormetlc e f fec ts  

or ( i f  hypothesis tes t ing i s  used) w i t h  h i g h l y  variable effects.  

2. Algae 

Benchmarks fo r  effects  on algae have been poorly standardized. 

Reported responses included mortality, growth, COP f ixation, ce l l  

numbers, chlorophyll content, and others. 

a variety of s t a t i s t i ca l  expressions derived from both hypothesis 

Durations were various, and 

tes t ing  and curve f i t t i n g  were used. 

the use of 96-h ECSO values for some measure of productivity. 

However, there is s t i l l  no agreement on whether the appropriate measure 

I s  weight, number of ce l l s ,  chlorophyll, o r  carbon assimilation, and 

There is now some agreement on 

whether the benchmark should be based on the final value, the 

tlme-integrated value, o r  the maximum ra te  o f  increase. 

f o r  the use of f inal  cel l  weight, ce l l  number, or  an equivalent 

indirect  measurement. whereas OECO ca l l s  for  the use of the maximum 

The EPA ca l l s  

growth ra te  based on cel l  number (EPA 1982 and OECO 1981). 

often the case, planktonic algae are  limited by nutr ient  avai labi l i ty ,  

I f ,  a s  is 

then equi l ibr ium biomass o r  ce l l  numbers may be more relevant. 

However, i f  algae a re  limited by herbivory, the a b i l i t y  of a population 
~ 

t o  replace losses (1.e.. maximum growth rate)  may be more relevant. 

Since the l i f e  cycles of microalgae i n  a rapidly growing culture 

a re  much shorter than t e s t  duraticns o r  most effluent releases, these 

t e s t  resu l t s  can be used i n  most assessments. 

remembered tha t  algal comnunitles a re  generally nutrient limited, and, 

However, i t  should be 

over the course of chronic expozures, res i s tan t  algal species wi l l  tend 
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t o  replace sensi t ive species. 

community composition depend on the e f fec ts  of  the algae on water 

qual i t y  and the1 r palatabi 1 i t y  t o  herb1 vores (Sec t .  6). 

The implications of  these changes i n  ' 

3 .  Ter res t r ia l  p lan ts  

Ex is t ing t o x i c i t y  data f o r  t e r r e s t r i a l  p lants  are even more 

diverse and nonstandard than f o r  aquatic algae. Although (as w i th  

algae) production i s  measured and s t a t i s t f c a l l y  analyzed i n  a va r ie t y  

o f  ways, t e r r e s t r i a l  p lants  a l so  have long l i f e  cycles w i th  d i s t i n c t  

stages and organs, and they can be exposed through the stomates, lea f  

surfaces, o r  roots. We have confronted t h i s  chaotic s i t ua t i on  by 

l i m i t i n g  the benchmarks used t o  those such as y ie ld ,  growth, or numbers 

of  pa r t i cu la r  organs t h a t  d i r e c t l y  express p roduc t i v i t y  ( v i s i b l e  i n j u r y  

and changes i n  gas exchange ra tes  are comnonly reported responses t h a t  

do not corre la te w i th  production), and by t r y i n g  t o  match the durat ion 

and route of  exposure i n  the  t e s t  t o  the exposure being assessed. 

The most common general t ype  of  phy to tox ic i ty  t e s t  i s  the seedling 

growth t e s t .  This type of t e s t  can be conducted i n  s o i l  or hydroponic 

systems and can be adapted t o  t e s t  chemicals i n  a i r ,  sprays, so i l ,  o r  

i r r i g a t i o n  water. There i s  l i t t l e  agreement on durations or responses, 

bu t  the  EPA (1982) recomnends t h e  determination of  ECIO and ECSO 

values f o r  weight and height  a f t e r  14 days. Tests for e f fec ts  on seed 

germination and hypocotyl elongation have been used as quicker and 

less-expensive phy to tox ic i ty  tes ts ,  as we l l  as ind ica tors  o f  e f fec ts  on 

those p a r t i c u l a r  l i f e  stages (EPA 1982); however, t h e i r  re la t ionsh ip  t o  

o ther  p l a n t  responses has no t  been established. A d e f i n i t i v e  t e s t  

, 
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would include the e n t i r e  l i f e  cyc le  from seed germination t o  germination 

* o f  daughter seeds, bu t  such tes ts  are r a r e l y  perfor,thed. 

t e s t  using Arabadopsis i s  being developed by the  EPA. 

A l i f e -cyc le  

4. W i l d l i f e  

The most comnon benchmark ava i lab le  f o r  assessing e f fec ts  on 

w i l d l i f e  i s  the  acute, oral ,  median l e t h a l  dose (LOso) f o r  laboratory  

rodents. Avian tox ico log is ts  have fol lowed the m a m l i a n  example by 

re l y ing  1arge;y on acute LDs0s f o r  adu l ts  (e.g., Hudson e t  a l .  1984), 

bu t  subacute median l e tha l  d i e t a r y  t o x i c i t i e s  f o r  young b i rds  (LCs0s) 

have become more c o m n  (e.g., H i l l  e t  a l .  1975) and have been adopted 

by the EPA (1982) and ASTM (1984). These benchmarks are appl icable t o  

short-term exposures such as r e s u l t  from app i lca t ion  c f  nonpersistent 

pest ic ides.  

primary expression o f  exposwe; therefore,  o r a l  LCs0s are d i r e c t l y  

applicable, whereas in take must be estimated t o  ca lcu late doses before 

I n  most such cases, the  concentrat ion i n  food is  the  

LDSOs can be used (Kenega 1973). 

exposure resu l t s  from consumption o f  granular pest ic ides o r  c leaning 

I n  a few cases, notably when the  

p e l t  o r  plumage, an o ra l  LDS0 i s  more d i r e c t l y  applicable. 

r e l a t i v e  s e n s i t i v i t i e s  of adu l ts  and young and the e f fec ts  o f  exposure 

durzrtion are less we l l  known f o r  b i rds  than f i s h  (Tucker and Lei tzke 

1979) , the comparabi l l t y  and u s a b i l i t y  o f  these benchmarks are 

uncertain. 

Since the  

The other  standard w i l d l i f e  benchmark I s  the threshold f o r  e f fec ts  

i n  the avian reproduction t e s t  (EPA 1982, ASTH 1985). This t e s t  

resenbles the  MATC f o r  chronic and subchronic ef fects  on f i sh ,  i n  

t h a t  the benchmark 1s usual ly  der ived by apply ing hypothesis t e s t i n g  

s t a t i s t i c s  t o  an ar ray  of measured parameters. L ike the  IIATC, i t  would 
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be more useful f o r  assessment i f  curve f i t t i n g  were used t o  establish a 

consistent 1 ~ r t . l  of effect ,  and i f  a global parameter (such as the 

weight of y o u y  per female) were calculated along w i t h  the individual 

measured rerpnse; .  The duration of exposure i n  t h i s  t e s t  (6-10 weeks) 

can be consider?a t o  represent a chronic adu t exposure f o r  a l l  but  the 

most persistent avd bioaccumulated chemicals however, since the young 

a re  not  exposed, t h f s  camot be considered a f u l l  chronic ( i .e . ,  

1 i f  e-cycle) t e s t .  

There are  ve.y fw data available for assessing the toxic effects 

o f  nonpesticide c+w:d:als and eff luents  on wildlife.  

necessary t o  resort  :c tne use of t h e  health l i t e r a tu re  f o r  such 

assessments. k’e have used rodent LOso values as  a re la t ive ly  

consistent benchmrk fo r  comparative purposes and the lowest-reported 

I t  i s  generally 

toxic effect  as a bencraark for  suggesting where hazards may exis t .  
.I 

3 . 4  DISCUSSION 

The chief advanr2y.s of the quotient method are  tha t  it i s  qu ick ,  

easy, generally acL::nt.ed, and can be applied t o  any data.  Because the 

e f fec ts  benchmark i s  direct ly  compared u i t h  the expected environmental 

concentration, the b d e n  of ensuring r e a l i s m  in the description of the 

e f f ec t s  and t h e i r  relationship t o  exposure f a l l s  largely on the 

toxicologist  rather t h a n  the assessor. k previously discussed, the 

use of multiplicative factors t o  modify quotients amounts t o  t reat ing 

uncertainty i n  a deterministic manner, and t h i s  lcgical inconsistency 

has resulted i n  incomplete and inconsistent treatments of corrections 

and uncertainties.  However, without the factors ,  the assumptions 
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, coniernlng the appropriateness of  the toxlcologlcal benchmark and the 

estlmated environmental concentratlon are not Incorporated In the 

analysls. Therefore, this method i s  useful when (1) a large number of 

chemicals must be screened to find potentlal hazards, (2) the toxlclty 

data are unconventional, or (3) the data are believed to be completely 

approprlate to the assessment, or at least cannot be improved by 

aval lable analytlcal techniques. 

I ..--. ' ?  

i 
! 



ORNL-6251 46 

REFERENCES (SECTION 3) 

Alabaster, J. S., and R. LLoyd. 1982. Water Qual i ty  Criterja for  

Freshwater F i s h ,  2nd ed. Butterworth Scientlf i c ,  London. 

ASTM. 1984. 1984 Book of ASTH Standards, Vol. 11.04. American Society 

f o r  Testing and k t e r i a l s ,  Philadelphia. 

Birge, W. J., J. A. Black, and 8. A.  Ramney. 1981. The reproductive 

toxicology of aquatic contaminants. pp. 59-110. IN J. Saxena and 

F.  Fisher (eds.), Hazard Assessment of Chemicals, Vol. 1. 

Academic Press, New York. 

Cardwell, R. D. ,  D. 6. Formeman, T. R.  Payne, and 0. J. Wilbur. 1977. 

Acute and chronic t o x i c i t y  of chlordane t o  f i s h  and invertebrates, 

EPA-600/3-77-019. U.S. Environmental Protection Agency, 

Duluth, Minn. 

Daniels, R. E.,  and J. D. Allan. 1981. Life tab le  evaluation of 

chronic exposure t o  a pesticide.  Can. J. Fish .  Aouat. u. 
38:485-494. 

Eaton, J. G . ,  J. M .  McKim, and 6. W. Holcombe. 1978. ne ta l  t ox ic i ty  t o  

embryos and larvae o f  seven freshwater f i s h  species-I. Cadmium. 

- Bull. Envlron. Contam. Toxicol. 1978:95-103. 

EPA. 1982. Environmental effects tes t  guidelines, EPA-560/6-82-002. 

U.S. Environmental Protection Agency. Washington, D.C. 

€PA. 1985. Technical support document for  water quality-based toxics 

control,  U.S. Environmental Protection Agency, Washington, D.C. 



. . . . ..- .--- 

47 ORNL-6251 

Hill, E. F., R. 6. Heath, 3. W. Spann, and J. 0 .  Williams. 1975. 

Lethal dietary toxicities of pollutants to birds, Special 

Scientific Report+lldlife No. 191. U.S. Fish and Wildlife 

Service, Washington, D.C. 

Hudson, R. H., R. K. Tucker, and M. A. Heagele. 1984. Handbook of 

toxicity of pesticides to wildlife, Resource Publication 153. 

U.S. Fish and Wildlife Service, Washington, D.C. 

Javitz, H. S. 1982. Relationship between response parameter 

hierarchies, statistical procedures, and biological judgment in 

the NOEL determination. pp. 17-31. I N  J. 6. Pearson, 

R. 8.(-END-), and W. E. Bishop (eds.), Aquatic Toxicology and 

Hazard Assessment, Fifth Conference, ASTM STP 766. American 

Society for Testing and Materials, Philadelphia. 

Factors to be considered in the evaluation of the Kenega, E. E. 1973. 

toxicity of pesticides to birds in their environment, 

pp. 166-181. IN F. Coulston and F. Court (eds.), Environmental 

Quality and Safety, Vol. 11. Academic Press, New York. 

ncKim, 3. n. 1985. Early life stage toxicity tests. pp. 58-97. IN 

6. M. Rand and S. R. Petrocelli (eds.), Fundamentals of Aquatic 

Toxicology, Hemisphere Publishing Corp., Washington, D.C. 

Mount, D. I. 1977. An assessment of application factors in aquatic 

toxicology. pp. 183-190. I N  R. A. Tubb (ed.), Recent Advances in 

FI sh Toxicology , EPA-600/3-77-085. U .S . Envi ronmental Protect ion 
Agency, Corvallis, Hashington. 



ORNL-6251 48 

Norberg, T. J., and D. 1. Mount. 1985. A new fathead minnow 

(Pimephales Promelas) subchronic toxicity test. Environ. Toxicol. 

- Chem. 4:711-718. 

OECD. 1981. OECD guidelines for testing of chemicals, Organization for 
a 

Economic Cooperation and Development, Paris. 

Rueslnk, R. 6. .  and L. L. Smith, Jr. 1975. The relationship of  the 

96-hour LCso to the lethal threshold concentration of hexavalent 

chromium, phenol, and sodium pentachlorophenate for fathead 

minnows (PimeDhaleS Promelas Rafinesque). Trans. Am. Fish. SOC. 

1975: 567-570. 

Sprague, 3. B. 

pp. 6-30. 

Methods for the Assessment of Water Quality, ASTM STP 528, 

American Society for Testing and Haterials, Philadelphia. 

1973. 

IN 3. Cairns, Jr., and K. L. Dickson (eds.), Biological 

The ABC's of pollutant bioassay using fish. 

Stephan, C. E., and J. W. Rogers. in press. Advantages of using 

regression analysis to calculate results of chronic toxicity 

tests. 

Symposium, American Society for Testing and Materials, 

IN Aquatic Toxicity and Hazard Assessment, Eighth 

Phi ladelphia. 

Tucker, R. K. ,  and J. S. Leitzke. 1979. Comparat 

insecticldes for vertebrate wildlife and fish 

6:167-220. 

ve toxicology of 

Pharmacol. TheraD. 



49 

4. ANALYSIS OF EXTRAPOLATION ERROR 
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6. W. Suter SI, A. E. Rosen, and E. Linder 

4.1 OEFINITION 

Analysis of extrapolation error (AEE) i s  a method of calculating 

the probability of exceeding assessment end points to be used in those 

cases where the end points can be expressed as standard toxicological 

benchmarks. The method has two components: (1) the extrapolation 

component that, like the factors used with the quotient method 

(Sect. 3.2), I s  used to estimate the value of the assessment end point 

from the available test data and to account for the uncertainty in the 

estimate; and (2) the risk component that calculates the probability of 

exceeding the assessment end point using the results of the 

extrapolations. Since the extrapolation component treats extrapolation 

and uncertainty in a more rigorous and conceptually appropriate manner 

than does the use of chains of multiplicative factors, it can be used 

in place o f  such factors i n  hazard assessment. However, it is  the 

calculation of the probability that an expected environmental 

concentration will exceed the end point (rather than simply comparing 

them arithmetically as in the quotient method) that makes AEE a true 

r isk  assessment method. 

In the following sections we will explain the assumptions and 

statistical procedures for AEE and provide numerical examples; however, 

the method can be best introduced by presenting an example 

graphically. Assume that we wish to estimate the probability that the 

expected environmental concentration of a chemical will exceed the 
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threshold f o r  l i f e -cyc le  e f fec ts  on surv iva l ,  growth, o r  reproductlow 

o f  brook t r o u t  (Salvel inus f o n t i n a l i s )  and t h a t  we on ly  have an LCs0 

for rainbow t r o u t  (Salmo ga i rdner i ) .  I n  t h a t  case we must extrapolate 

between the  genera Salmo and Salvelinus, and we must extrapolate 

between the LC50 and the c5ronic threshold. The re la t ionsh ip  between 

the two genera i s  i l l u s t r a t e d  i n  Fig. 4.1. Each o f  t he  points  

represents an i nd i v idua l  chemical f o r  which a member of  both genera has 

been tes ted  using a comnon protocol  and w i t h  the r e s u l t s  expressed as 

96-h LCs0s. 

thresholds (expressed as HATCs) i s  shown i n  Fig. 4.2. 

The re la t ionsh ip  between LCs0s and l i f e - c y c l e  e f fec ts  

The points  here 

represent d i f f e ren t  species-chemical combinations f o r  which both an 

LCs0 and a l i f e -cyc le  o r  p a r t l a l  l i f e - c y l e  HATC have been determined 

i n  t h e  same laboratory. 

value i n  the Fig. 4.1 re la t ionship.  we can estfmate a brook t r o u t  

I f  we use the  rainbow t r o u t  LCs0 as the  x 

LCso and an associated varlance that can be used i n  the  Fig. 4.2 

re la t ionsh ip  t o  estlmate a brook t r o u t  HATC and associated variance. 

The estimated HATC and I t s  t o t a l  variance can he represented as a 

p r o b a b i l i t y  densi ty  function, as i n  Fig. 4.3. The risk t h a t  the  WTC 

w i l l  i n  f a c t  be exceeded i s  the  p robab i l i t y  t h a t  a r e a l l z a t i o n  of  the 

HATC, chosen a t  random from t h a t  p r o b a b i l i t y  densi ty  function, will be 

less than a s i m i l a r l y  chosen value from the  p r o b a b i l i t y  densi ty  

func t ion  f o r  the  expected environmental concentration. 

AEE d i f f e r s  f rom previous approaches t o  ex t rapo la t ing  

environmental tox ico logy data i n  i t s  emphasis on t h e  uncer ta in ty  

associated w i t h  the extrapolat ions and the  cont r ibu t ion  of  t h a t  

uncer ta ln ty  t o  the  r i s k .  The t r a d t t i o n a l  approach is t o  ask whether 
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Fig.  4.1. Logarithms of  LC5 values for Salvel inus p l o t t e d  against 
Salmo. 'The l l n e  P s determined by an errors-in-variables 
regression; the  parameters a r e  presented i n  Table 4.1. 
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l i f e - c y c l e  t e s t s  p lo t ted  against logarithms of  96-h LCso 
values determined f o r  the  same species and chemical i n  the  
same laboratory. The l i n e  i s  derived by an 
errors-in-variables regression; the  parameters a r e  prosented 
i n  l i n e  4 of  Table 4.3.  
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one particular species. life stage, or test duration is an acceptabie 

surrogate for another. When this question is asked, it is invariably 

discovered that no two tests give identical results, and that the 

results are not consistently proportional across test chemicals. 

aiscovery can lead to the pessimistic conclusion that toxicity data 

should not be extrapolated (Tucker and Heagele 1971). which implies 

that only tested species can be protected. 

perfectly precise or accurate, even test results hive associated 

uncertainty that can prevent fine discrimination between effective and 

ineffectlve exposures. Thus, the relevant questlon is: Does a 

particular benchmark, whether derived by testing alone or by testing 

and extrapolation. provide sufficient accuracy so that an acceptable 

level of risk can be determined? 

. 

This 

Howe..?r. since no test is 

4.2 IMPLEMENTATION 

AEE consists of five steps: (1) define the end point of the risk 

assessment (e.g., the probability of causing reductions in brook trout 

productivity) in terms ot a toxicological benchmark (e.g., the 

?robability 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 rainbow trout 96 h at LCso); (3) break the 

relationship between the datum and the end point into logical steps 

(e.g., rainbow trout to brook trout and LCso to MATC); (4) calculate 

the distribution parameters of  the end point extrapolated from the 

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

concentration (EEC) will exceed the end point concentration. Step 1 
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- is dependent on the assessment situation 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 environmental toxicology as reflected in the available benchmarks 

and data for the organisms in question (Sect. 3.3). 

4.2.1 Risk Calculation 

In this method, risk is defined as 

Risk = Prob(EEC > BC)' , (4.1) 

where BC is the benchmark concentration that is used as the estimator 

of  the assessment end point. 

independent and log-normally distributed, then 

If we assume that the EEC and BC are 

Risk = Prob(1og 8C. - log EEC < 0) (4.2) 

2 2 - where (pb, ob) and (pe, ue) are the mean and variance o f  

the log BC and log EEC, respectively and 

a standard normal random varSable with +z as its cumulative 

distributton function. If it is assumed that the EEC t s  constant and 

certain, then the risk cLlculation reduces to 

Risk = Prob(Z<[(log EEC - v i \ * /  ob]) 
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Given this definit ion,  risk depends on the definit ions of the EEC a id  

BC and the i r  associated uncertainties ( i .e . ,  on ve, vb, a, , and ab). 

For the BC, the mean and variance can be estimated by s t a t i s t i ca l  

extrapolation of the toxici ty  data. 

. 
2 2 

4.2.2 Extrapolation 

The choice of extrapolation model f o r  this method was based on the 

f ol lowing character4 s t i c s  of toxicity data : 

1. the observed values X and Y are  subject t o  error  of 

measurement and t o  inherent var iabi l i ty ,  

led variable ( l i ke  sett ings on a 2. X is  not a contro 

thermostat) , 

3 .  values assumed by 

d i  s t ti huted . 
X and Y are  open-ended and non-normally 

These characterist ics suggest t ha t  an ordinary least--squares model 

would be inappropriate and an errors-in-variables model should be 

used. Since we can estimate the value of A, the  ra t io  of the point 

variance% of Y t o  X,  a functional model provides maximum likelihood 

estimators of the regression parameters. 

The estimators of the slope ( 0 )  and intercept (a) are  

2 2 1/ 
b = {Cy - Ex + [ (  Cy2-  EX^)^ + 4A(Exy) ] 3 / 2 E x y  and 

a - y - b ;  , 
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- - 
where x = Xi-X and y = YI-Y f a r  

predicted Y-value f o r  a given X-value ( X  = Xo) i s  given i n  Handel 

(1983) as 

= l...n. The variance o f  a s ing le  

(4.10) var(YIXo) = s:{1 + l / n  + [l + ( l ? / L ) ] t ( X , , -  Xf/Lu 2 I). where 

s$ = (b2Cx2 - 2bCxy + Cy2)/(n - 2), and . 
CU* = Ex2 + 2b/A&xy + (bA)2Ey2. 

This variance i s  the appropriate value t o  use i n  ca lcu la t ing  confidence 

in te rva l s  and r i s k  estimates because the  i n t e r e s t  i n  t h i s  case i s  t he  

ce r ta in t y  concerning an ind iv idua l  f u t u r e  observation o f  Y, such as a 

t o x i c  threshold, f o r  an untested species-chemical combinatlor;. This 
2 variance i s  l a rge r  (by a fac to r  o f  se) than the  variance o f  the  

mean o f  a Y I X o ,  which i s  i n  t u r n  la rger  than the variance o f  the 

regression coef f ic ient - - the number provided by most p r o g r a m b l e  

calculators. Confidence i n t e r v a l s  ca lcu lated from t h i s  variance are 

la rger  than those t h a t  are convent ional ly  reported and are re fe r red  t o  

as pred ic t ion  in te rva ls .  

For ease i n  using t h i s  method we reduce the variance formula t o  

var(YIXo) = F1 + F2(X0 - x ) 2  (4.11) 

and provide values f o r  F1 and F2 i n  the tables. 

A l l  o f  t he  data used i n  our ext rapolat ions are log  transformed, 

and the  reported variances and p red ic t i on  i n te rva l s  are f o r  the  

transformed values. The log 

homogeneity o f  the  variances 

t rans formi t ion  was used t o  increase the  

and the  l i n e a r i t y  o f  t he  re la t ionships.  
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4.2.3 Double ExtraDolation 

50 

I n  some cases i t  Is necessary t o  make m u l t l p l e  extrapolat ions; the 

most comnon example is the  combination of acute/chronic and taxonomic 

extrapolat ions. 

becomes the 'independent" var iab le i n  the second ext rapolat ion,  and the 

parameters G f  t h e  second regression ( z  = c + dy) a re  determined as f o r  

t h e  f i r s t ,  t h a t  I s  subs t i tu t ing  y f o r  x and t f o r  y .  

variance f o r  t h e  two extrapolat ions is 

I n  those cases t h e  Y from t h e  f i r s t  ex t rapo la t ion  

The t o t a l  

Var(ZlX,) = var( 2 I Yo) + d2var(Y 1 Xo) . (4.12) 

4 .3  AN EXAIJPLE: AQUATIC INVERTEBRAT€S AND FISH 

4.3.1 Data Sets 

The data se t  f o r  the taxonomic extrapolat ions o f  LCsos is  based 

on an expansion of  the  Columbia Nat ional  Fisheries Research Laboratory 

data set i n  Johnson and F in ley  (1900); the expansion was prepared by 

Uayer and E l l e rs ieck  ( i n  press). This  is the  l a rges t  and most 

taxonomically d iverse  se t  o f  p u b l i c l y  ava i lab le  aquatic t o x i c i t y  data 

t h a t  is  reasonably uniform w i t h  respect t o  t e s t  procedures. We have 

created a more uni form subset o f  t h e  data by l i m i t i n g  i t  t o  t e s t s  

per fomed i n  s o f t  water (except f o r  those organisms such as DaDhnia 

t h a t  are not  t es ted  i n  s o f t  water), w i t h  post - larva l  f i s h  weighing 

between 0.4 and 2.0 9, o r  w i t h  inver tebrates belonging t o  the  most 

o f ten- tested l i f e '  stago Tests with aged t e s t  so lu t ions,  r e s u l t s  

expressed as > o r  < values, nonstandard temperatures o r  pHs, o r  
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forms of a chemical other than the most often-tested form were not 

used. I f ,  a f t e r  these c r i t e r i a  were applied, there  were s t i l l  

replicate LCsos f o r  a combination of species and chemical, one of the 

replicates was chosen a t  random. T h i s  subset contains 61 species and 

327 chemicals. 

The data se t s  for  the extrapolations Involving chronic effects  on 

The chronic f i s h  data a re  a f i s h  a re  presented i n  Appendices A and B. 

compilation of published results of l i f e  cycle, par t ia l  l i f e  cycle, and 

early life-stage t e s t s  of freshwater f ish. The concentration-response 

data fo r  hatch of normal larvae, larval survival, early juvenile 

weight, eggs produced per female, and adult  survival (Appendix B) were 

extracted from the t e s t s  l isted i n  Appendix A. I n  Appendix B replicate 

resul ts  were averaged, and relationships were not used i f  there was not 

a t  l eas t  a 25% reduction i n  performance a t  the highest concentration, 

i f  there was greater than 30% mortality i n  the controls, o r  i f  'there 

was not a s ignif icant  positive slope t o  a f i t t e d  log i t  function. Since 

these studies were designed for  calculating HATCs rather than for  curve 

f i t t i n g ,  most of the responses d i d  not pass these lenient c r i t e r i a .  

However, they  a re  the only chronic data available fo r  f i s h  and they 

serve t o  i l l u s t r a t e  the use of benchmarks based on chronic effects  

levels and population models (Sect. 5) .  

The invertebrate chronic data are limited t o  life-cycle t e s t s  w i t h  

DaDhnia spp., s ince there are few good chronic data for  any other 

freshwater invertebrate. Those data a re  from the 1980 and 1984 EPA 

ambient water quali ty c r i t e r i a  support documents and are  not reproduced 

here. 

. 
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4.3.2 ExtraDolation Results 

The taxonomic extrapolations of acute data are presented in 

Table 4.1. The extrapolations were performed between taxa having the 

next higher taxonomic level in comnon rather than simply matching all 

possible species combinatlons. For example, the extrbpolatlon between 

the fathead minnow (Pimephales Dromelas) and largemouth bass 

(HicroDterus salmoides) constitutes an extrapolatlon between the 

Cypriniformes and Perciformes. This system allows extrapolatlon to 

species that have rarely or never been tested by assuming that they are 

represented by tested species that are members of some c o m n  higher 

taxonomic level. The taxonomic hierarchy is based on the concept that 

greater evolutionary distance implies greater morphological and 

physiological dissimilarity, which Implies greater dissimilarity in 

response to toxicants. It is the basis for preferring m a m l s  over 

nonmamls and primates over nonprimate m a m l s  in testing for effects 

on humans. It will not hold if the traits that determine sensitivity 

are extremely evolutionarily labile or conservative. The concept has 

been shown to hold on average for aquatlc organisms (Suter et al. 1983, 

Suter and Vaughan 1984, and LeBlanc 1984). 

As shown in Table 4.2, most extrapolations between taxa within the 

same family (1 . e . ,  between congeneric species and between confamilial 

genera) can be made with fair certainty, but extrapolations between 

orders of arthropods, classes 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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Table 4.1. Taxonomic extrapolations [un i ts  are log(rg/L)] .  
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Levela Taxon xb Taxon Y' Nd lcepteSlopef Xbarq F lh  F2h Ybar' 61' 6 4  P I k  

SPECILS 

CUTTHROAT TROUT M I N E W  TROUT 
CUTTHROAT TROUT ATLANTIC SALMON 
CUTTHROAT TROUT BROWN TROUT 
RAINBOY 1ROUT ATLANTIC SALMON 
RAINEW TROUl BROW TROUT . 
ATLANlIC SALMON BROWN TROUT 
BLACK BULLHEAD CHANNEL CATFISH 
OREEN SUNFISH 8LUESlLL 
0. MWA 0. PULEX 
6. FASCIATUS 6. LACUSTRIS 

6iNUS 

ONCORHYNCHUS 
ONCORHYNCHUS 
SALMO 
CARASSIUS 
CARASSIUS 
CY PRlNUS 
LEPOnIS 
LEPOnIS 
DAPHNIA 
PTLRONARCELLA 

SALMO 
SALVELIIIUS 
SALVELlNUS 
CYPRINUS 
PIME PHALES 
PIMEPHALES 
MlCROPlLRUS 
POnOXIS 
SIWOCEPHALUS 
PTERONARCYS 

FAMILY 

8UF ONlOAE HYLI OAE 
CENTRARCHIDAE PERCIOAE 
CENTRARCHIOAE CICHLIOAE 
PERLIDAE PTERONARCY IDA€ 
PERLOOIDAE PTERONARCYIDAL 
SALWONIOAE ESOC IDA€ 
PERC I OAE CICHLIOAE 
ASTAC IOAE PALAEMONIDAE 

18 
6 
8 

10 
15 
7 

12 
14 
9 

11 

0.04 
-0.25 
4 . 2 0  
-0.51 
-0.21 
0.09 

-0.11 
-0.62 
0.26 

-0.06 

0:98 '2.47 0.24 0.01 2.45 0.25 0.01 0.96 
1.00 2.99 0.16 0.01 2.74 0.16 0.01 0.78 
1.02 2.42 0.14 0.01 2.26 0.14 0.01 0.74 
1.20 2.61 0.20 0.01 2.62 0.14 0.01 0.87 
1.09 2.16 0.08 0.00 2.15 0.07 0.00 0.56 
1.01 2.53 0.13 0.01 2.65 0.13 0.01 0.70 
1.00 2.23 0.11 0.00 2.13 0.11 0.00 0.66 
1.09 2.39 0.17 0.01 1.99 0.14 0.00 0.80 
0.81 0.68 0.59 0.07 0.81 0.90 0.16 1 -51  
0.84 1.32 0.15 0.01 1.05 0.21 0.03 0.76 

56 -0.13 1.02 
13 -0.47 1.09 
56 -0.33 1.10 
8 4 . 4 7  1.05 

19 -0.27 1.03 
10 0.24 0.93 
30 4 . 2 0  1.05 

8 -0.01 0.82 
51 0.35 0.92 
8 -0.05 1.03 

2.63 0.11 0.00 
2.40 0.08 0.00 
2.86 0.14 0.00 
3.04 0.09 0.01 
2.79 0.17 0.00 
2.90 0.17 0.01 
2.33 0.22 0.00 
1.28 0.23 0.01 
1.48 0-16 0.00 
1.34 0.15 0.01 

2.56 0.10 0.00 
2.15 0.07 0.00 
2.82 0.11 0.00 
2.73 0.08 0.01 
2.61 0.16 0.00 
2.95 0.20 0.01 
2.24 0.20 0.00 
1.04 0.34 0.02 
1.71 0.19 0.00 
1.33 0 .J4  0.01 

0.65 
0.57 
0.73 
0.58 
0.82 
0.82 
0.92 
0.94 
0.78 
@.75 

6 1.26 0.56 2.34 0.34 0.14 2.58 1.06 1.37 1.14 
47 -0.02 0.95 1.96 0.27 0.00 1.85 0.29 0.00 1.01 

6 0.93 0.40 0.90 0.08 0.04 1.29 0.51 1.67 0.56 
11 0.21 1.11 0.17 0.40 0.19 0.39 0.32 0.12 1.24 
9 0.54 0.75 1.12 0.22 0.01 1.39 0.39 0.05 0.92 

11 4 . 4 9  1.40 1.05 0.23 0.13 0.99 0.12 0.03 0.94 
5 0.15 1.43 1.42 0.33 0.13 2.19 0.16 0.03 1.12 
6 0.27 0.54 1.89 1.37 0.05 1.29 4.67 0.55 2.30 
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l a b l e  4.1. (Continued) 

Levela Taxon xb laxon Y' N d lcepteSlopef *Xbarg F l h  FZh Ybar' 615 GZJ PIk 

-- -- 
ORDER 

SALMONIFORMES CYPRINIFORMES 225 0.90 0.87 2.32 0.45 0.00 2.92 0.59 0.00 1.31 
SALMONIFORMES SILURIFORMES 203 0.87 0.85 2.35 0.66 0.00 2.86 0.91 0.00 1.59 
MLMONIFORMES 
CYPRINIFORMES 
CY PR IN1 FORMES 
SILURIFORIIES 
CLADOCERA 
CLADOCERA 
OSTRACODA 
OSlRACODA 
ISOPODA 
ISOPODA 
MPHIPODA 
PLECOPTERA 
PLECOPTERA 
SALMONIFORMES 
CYPRINIFORMES 
SILURIFORMES 
ATHERINIFORMES 
OSTRACODA 

CLASS 

AMPHIBIA 
CRUSTACEA 

PHYLUM 

CHORDATA 

PEICIFORMES 
51 LUR I FORMES 
PERCIFORMES 
PERC 1 FORMES 
OS1 RACOOA 
MPHIWDA 
ISOPODA 
M P H l  WDA 
MPHlWOA 
DECAPODA 
DECAPODA 
ODONATA 
DlPlERA 
ATHERINIFORMES 
ATHERIN1 FORMES 
AlHERlNlFORMES 
PERCIFORMES 
DECAPODA 

443 
111 
21 9 
190 

22 
105 

7 
14 
20 

5 
14 
13 
18 

6 
5 
5 

10 
9 

OSlElCHTHYES 206 
IWSEClA 373 

ARTHROPODA 2103 

0.33 
0.23 

-0.39 
-0.74 
0.79 
0.27 

-1.10 
-2.74 
-0.22 
-2.31 
0.65 
0.60 
0.77 
0.37 
0.02 

-0.48 
-0.10 
-1 .os 

-6.97 
0.01 

-0.55 

0.94 2.34 0.31 0.00 2.53 0.35 0.00 1.09 
0.93 2.59 0.28 0.00 2.63 0.33 0.00 1-04 
0.99 2.66 0.59 0.00 2.24 0.61 0.00 1.51 
1-08 2.67 0.82 0.00 2.15 0.71 0.00 1.78 
0.62 1.05 0.96 0.04 1.44 2.53 0.28 1.92 
0.91 1.14 0.63 0.00 1.31 0.76 0.00 1.56 
2.05 1.26 1.23 0.61 1.49 0.29 0.03 2.17 
2.30 1.62 2.07 0.33 0.99 0.39 0.01 2.82 
0.45 1.92 0.92 0.04 0.66 4.45 0.87 1.88 
1.85 2.00 4.42 2.09 1.39 1.29 0.18 .4.12 
1.C7 0.89 2.73 0.25 2.14 0.98 0.03 3.24 
0.53 0.55 0.61 0.10 0.89 2.16 1.26 1.53 
2.46 0.18 3.15 1.68 1.22 0.52 0.05 3.48 
0.66 0.17 0.10 0.00 0.48 0.24 0.02 0.63 
0.74 0.95 0.06 0.00 0.72 0.12 0.01 0.50 
0.85 0.84 0.91 0.09 0.23 1.25 0.17 1.87 
1.03 0.77 0.21 0.01 0.70 0.20 0.01 0.91 
1.37 1.86 1.34 0.13 1.51 0.71 0.04 2.27 

3.34 2.57 3.84 0.16 1.63 0.34 0.00 3.84 
0.83 1.19 1.33 0.00 0.99 1.94 0.01 2.26 

0.77 2.35 1.76 0.00 1.27 2.94 0.00 2.60 

SPECIAL 

FAlHEAD MINNOW CYPRINIFORMES 30 0.26 0.95 2.63 0.19 0.00 2.77 0.21 0.00 0.85 
BLUEGILL PERCIFORMES 65 0.16 0.95 2.13 0.22 0.00 2.19 0.24 0.00 0.91 
RAINBOW TROUl SALMOWIFORMES 88 -0.11 1.04 2.59 0.17 0.00 2.59 0.15 0.00 0.81 
FAlHEAD MINNOW OSlElCHTHYES 354 -0.30 1-01 2.77 0.45 0.00 2.49 0.44 0.00 1.31 
BLUEGILL OSlEICHlHYtS 500 0.17 0.96 2.52 0.49 0.00 2.60 0.53 0.00 1.37 
RAINBOW 1ROUl OSlEICHlHYES 480 0.29 0.99 2.42 0.38 0.00 2.67 0.39 0.00 1.20 

alaxonomic l e v e l  a t  uhich the extrapolat ion i, made. 
blaxon from which values of the independent var iable are drawn. 
Claxon from which values of the dependent var iab le  are drawn. 
dNumber of points i n  the regression. 
'%timated in tercept  ( a ) .  
fEstimated slope ( b ) .  
Wean of X.  
hFactors used i n  ca lcu la t ing  the variance of an ind l r idua l  Y. 
h e a n  of Y .  
JFactors used with the inverse regressions t o  ca lcu la te  the 

h h e  95% predict!on i n t e r v a l  on the point  XBAR i s  YMR t P I .  
variance of an ind iv idua l  X .  
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Table 4.2. Sumnary o f  aquatic taxonomic extrapolat ions 

Taxonomic l eve l  na 

n Ueighted 
mean 9% 
predi  c t  i on 
i nterva l  

Species 

F ish 
Arthropods 

Genera 

F ish  
Arthropods 

L: Fami l i e s  

F ish  
Arthropods 
Amph i b i an s 

Orders 

F ish  
Arthropods 

Classes 

Chordates 
Arthropods 

Phyla 

8 
2 

8 
2 

4 
3 
1 

70 
10 

1 
1 

1 

0.76 
1.10 

0.74 
0.78 

0.91 
1.37 
1.14 

1.35 
2 -06 

3.84 
2.26 

2.60 

"umber of  pa i r s  o f  taxa a t  t h a t  taxonomic leve l .  
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because we are in te res ted  i n  the  prec is ion o f  the  estimate ra the r  than 

the a b i l i t y  of the  model t o  mexplalnm the  data. 

values f o r  t h i s  regression model are considerably h igher  than those f o r  

ordinary leas t  squares; there fore  they could no t  be used f o r  comparison 

w i  t h  other resul ts .  

, 

I n  addit ion, the  r 

Because these ext rapolat ions are made between i d e n t i c a l  benchmarks 

(96-h LCsos) determined a t  a s ing le  laboratory, ')c was se t  t o  1. 

This assumption was tested by p a i r r i s e  comparisons o f  the 95% 

confidence in te rva l s  reported by Johnson and F in ley (1980). Average 

r a t i o s  o f  confidence i n t e r v a l  widths on LCs0s f o r  p a i r s  o f  taxa a t  

each taxonomic l eve l  were a l l  found t o  be very close t o  1. 

Table 4.1 can be used t o  extrapolate between taxon X and taxon Y, 

as prev ious ly  explained (Sect. 4.2.1). Since we are using an 

errors-in-variables model, t h e  inverse regression ( X  from Y )  can be 

calculated as x = ( y  - a)/b. 

(Handel. 1983) reduces t o  var ( X I Y O )  = 6, + G2(Yo - i)2, with  G1 and 

G2 provided i n  the  tab le.  

Variance f o r  t h i s  inverse regression 

Four special taxonomic ext rapolat ions are presented a t  the  end of  

Table 4.1. These are  ext rapolat ions between the three most comnon t e s t  

species o f  f i s h  [fathead minnow, b l u e g i l l  (LeDomis m a c r o c h m ) ,  and 

rainbow t rou t ] ,  and both the Order t o  which they belong and the  en t i re  

Class Osteichthyes. The ext rapolat ions are useful f o r  assessments i n  

which members of  an e n t i r e  h igher  taxon are t o  be protected o r  f o r  

which an appropriate lower-level ext rapolat ion 1s no t  avai lab le.  This 

type o f  ex t rapo la t ion  a lso  serves t o  ind ica te  how w e l l  these species 

serve as representatives f o r  t h e  taxa as a whole. The measure o f  
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pred ic t i ve  power provided by the  pred ic t ion  i n te rva l s  f o r  these 

equations i s  a be t te r  guide t o  the  se lect ion o f  t e s t  species than 

r e l a t i v e  sens i t i v i t y ,  importance o f  the species, or i t s  s i m i l a r i t y  t o  

cu r ren t l y  used species (Sutet  and Vaughan 1964). By t h i s  c r i t e r i o n ,  

t he  th ree  f i s h  species are about equally good representatives, but. the 

rainbow t r o u t  i s  s l i g h t l y  bet ter .  

A var ie ty  o f  acute-chronic extrapolat ions are presented i n  

Table 4.3 f o r  d i f f e r e n t  chronic benchmarks and subsets o f  the  data. 

The values o f  IL for these ext rapolat ions are estimated from the 

r a t i o s  o f  the mean variances o f  benchmarks from rep l i ca te  t e s t s  i n  

Appendix A. The choice o f  ext rapolat ion depends on the i npd t  data and 

on the end po in t  desired, t h a t  i s ,  MATC vs e f fec ts  leve ls ,  a l l  chronics 

vs l i fe-cyc le ,  or spec i f i c  categories vs a l l  chemicals. Clear ly  the 

extrapolat ions presented are only  a f r a c t i o n  of  those t h a t  could be 

created from d i  f f erent subsets of data. 

The f i r s t  ext rapolat ion i n  Table 4.3 re la tes  fathead minnow MATCs 

t o  those of  a l l  o ther  freshwater Osteichthyes. Although the  predicted 

Y f o r  t h i s  type o f  ext rapolat ion i s  meaningless ( there i s  no mean 

f i sh ) ,  t h f s  re la t ionsh ip  can be used t o  estimate the  r i s k  t h a t  t he  M T C  

( for some species o f  f i s h )  w i l l  be exceeded, given a fathead minnow 

WTC and an expected environmental concentration. The p red ic t i on  

i n t e r v a l  f o r  t h i s  ext rapolat ion i s  s im i la r  t o  t h a t  f o r  the  analogous 

ext rapolat ion i n  Table 4.1 between fathead minnow LCSOs and those f o r  

a l l  other Osteichthyes; however, t h e  i n t e r v a l  i s  s l i g h t l y  smaller, 

poss ib ly  due t o  the  smaller ar ray of species t h a t  have been used i n  

chronic tests .  One might expect t h a t  there would be grea ter  variance 
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among species i n  chronic t o x i c i t y  than i n  acute t o x i c i t y  because o f  the  

greater var ie ty  o f  responses p o t e n t i a l l y  involved, p a r t i c u l a r l y  i n  

l i fe -cyc le  tests .  However, t h i s  analysis does not  support t h a t  idea, 

and the subs t i tu t ion  o f  l a r v a l  m o r t a l i t y  o r  growth for l i f e - c y c l e  

responses i n  chronic t e s t s  suggests t h a t  acute and threshold chronic 

responses may be equally simple; therefore the t rue  variances may be 

equal. 

spec i f i c  orders. There is no gain i n  prec is ion by t h i s  increased 

spec i f i c i t y .  A l l  extrapolat ions have negative in tercepts  and slopes 

less than 1, ind ica t ing  t h a t  fathead minnows are a l i t t l e  less 

sensi t ive than most o ther  f i s h  i n  chronic tests .  

Extrapolations 2 and 3 are analogous bu t  ext rapolate t o  

The next four  extrapolat ions i n  Table 4 . 3  pred ic t  HATCs from LCs0s 

f o r  the same species. 

chemical types, but 4 includes only  l i f e - c y c l e  tes ts  (which are ' 

somewhat more r e l i a b l e  than ea r l y  l i fe -s tage tes ts ) ,  whereas 5 includes 

a l l  WTCs f o r  which there  is a corresponding LCso. 

and 7 include a l l  species and t e s t  types but  are l im i ted  t o  narcot ics  

and metals, respectively. The chemicals i d e n t i f i e d  as narcot ics  belong 

t o  the classes of  chemicals i d e n t i f i e d  as such by Veith e t  a l .  (1983) 

and Cal l  e t  a l .  (1985). The p s r t i c u i a r l y  narrow pred ic t ion  i n t e r v a l  

f o r  t h i s  ext rapolat ion r e f l e c t s  the prec is ion o f  the quan t i t a t i ve  

structure-act 4 v i t y  r e  l a t i  onshi ps ( QSARs ) f o r  narcotics presented i n  

those reports, thus re in fo rc ing  the idea t h a t  the  ac t ion  o f  these 

chemicals i s  h igh ly  predictable. 

and MATCs generated by t h e  QSARs i n  these reports, o r  by any other QSAR' 

w i th  prec is ion as good as t h a t  of rep l i ca te  tests ,  could be used i n  the  

Extrapolat ions 4 and 5 include a l l  species and 

Extrapolat ions ti 

I n  fac t ,  the fa:head minnow LCs0s 
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extrapolat ions between fathead minnow benchmarks and those f o r  o ther '  

taxa, i f  there i s  reasonable c e r t a i n t y  t h a t  the chemical i n  question 

belongs t o  the  correct category. 

ind iv idua l  t e s t s  because they s u m r i z e  large amounts o f  information, 

and because chemical measurements are general ly much more precise than 

b io log i ca l  t e s t s  (Craig and Enslein 1981). 

OSARs can be more precise than 

The next nine extrapolat ions (8-16) cons t i t u te  an examination o f  

t he  p r e d i c t a b i l i t y  o f  p a r t i c u l a r  leve ls  o f  chronic e f fec ts  (LC25s and 

EC25s) from acute LCs0s f o r  the same species. Mort1 i s  mor ta l i t y  

o f  parental f i sh ;  Mort2 i s  m o r t a l i t y  f r o m  hatching t o  the ear ly  j u v e n i l e  

stage; Hatch i s  the propor t ion o f  eggs f a i l i n g  t o  successful ly hatch; 

Eggs i s  the reduction i n  the number o f  eggs produced per female r e l a t i v e  

t o  controls; Height i s  the propor t ional  reduction i n  the  average weight 

o f  ea r l y  juveni les r e l a t i v e  t o  contro ls ;  and wt o f  Juveniles/Egg is  t h e  

propor t ional  reduction i n  the weight o f  ea r l y  juveni les per i n i t i a l  

egg. We used a 25% reduction i n  performance i n  t h i s  exercise la rge ly  

as a matter o f  convenience i n  deal ing w i t h  t h i s  data se t  ra ther  than as 

a proposed assessment end point, bu t  25% could be defended as a l eve l  

o f  e f f e c t  t h a t  would be bare ly  detectable i n  the  f i e l d .  These 

ext rapolat ions are more imprecise than those from acute LCs0s t o  

HATCs. 

median l e t h a l  concentration would be a be t te r  p red ic to r  o f  a chronic 

q u a r t i l e  l e t h a l  concentration than of a hypothesis-testing-derived 

benchmark t h a t  is not i nd i ca t i ve  of  any p a r t i c u l a r  type o r  leve l  o f  

e f fec t .  

fathead minnows does no t  reduce the  uncertainty. 

This r e s u l t  i s  surpr is ing  since we expected t h a t  an acute 

L im i ta t i on  of the  data s e t  t o  on ly  ea r l y  l i fe -s tage tes ts  wi th 

The most obvious 
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.explanation is that  the chronic LC25s and EC2*s contain much 

extraneous varian:e because of the poor data from which they were 

derived. 

f a i l  t o  pass conventional requirements fo r  calculating acute LCs0s 

and ECSOs because of the lack of partial  kil ls ,  lack of effects  

levels of 50% or  greater,  or  h i g h  tontrol mortality. 

of the chronic results show apparent hotmesir a t  low concentrations, 

which complicates curve f i t t i n g .  

Nearlj a l l  of the chronic concentration-response data would 

I n  addition. many 

The l a s t  two extrapolations i n  Table 4.3 a re  fo r  predicting 

life-cycle HATCs for  Daphnia from 48-h LCs0s, f i r s t  fo r  a l l  chemicals 

and then f o r  metals only. 

uncertainty a s  the corresponding LCs0 t o  HATL extrapolations for  f i s h  

(Nos. 4 and 7 i n  Table 4.3). 

f i s h  and Daphnia have about the  same average level of uncertainty as 

the extrapolations of LCs0s between families of arthropods or  orders 

o f  f i sh  (Table 4.2). 

These extrapolations have about the same 

These LCs0 t o  MATC extrapolations for  

One potential source of bias i n  these extrapolations i s  the fact  

t ha t  investigators w i l l  sometimes report resul ts  as being greater than 

o r  less than some value because the highest o r  lowest concentration 

tested was not h igh  o r  low enough t o  allow the benchmark t o  be 

determined. 

resul ts  cannot be used i n  the extrapolations. However, since these a r e  

l ikely t o  be chemicals w i t h  extreme application factors (HATC/LCS0 

values), they would presumably increase the variance i n  the 

extrapolations i f  t h e i r  true values were known and included. 

addition, there  my be a bias i n  the centroids because there  are  more 

Since the t rue value of the benchmark is unknown, these 

In 
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< than > values f o r  MATCs i n  Cte data se t  (17 vs. 6, - App. A). 

However, t h i s  does not  appear t o  be a s ign i f i can t  problem since a l l  but 

one o f  the > o r  c estimates o f  the MATC f a l l  w i t h i n  the  95% PI fo r  

ext rapolat ion 5, Table 4.3 .  I n  addit ion, an examination o f  these 

studies indicates t h a t  the f a i l u r e  t o  show a s t a t i s t i c a l l y  s ign i f i can t  

e f f e c t  a t  the highest concentration tested is due p r imar i l y  t o  high 

variance i n  the t e s t  data ra the r  than extremely low chronic 

t o x i c i t i e s .  These observations suggest t h a t  the t r u e  app l ica t ion  

factors  f o r  these chemicals may not be extremely h igh o r  low. 

4.3.3 A Demonstration 

As an example of  the use o f  these extrapolat ions, consider t h e  

est imation of  the r i s k  of  exceeding the  threshold f o r  chror.lc e f fec ts  

on brook t r o u t  beginning w i t h  a rainbow t r o u t  LC50 of  5300 pg/L f o r  

the chemical o f  concern. Subs t i tu t ing  the log  o f  t h a t  LC50 i n t o  the 

- Salmo-Salvelinus ext rapolat ion (Table 4.1) gives a log  brook t r o u t  

LCso o f  3.77; uslng Eq. (4.11), the variance i s  0.14 ( the second term 

of  t he  variance equation, F2(Xo - x)’, i s  t r i v i a l  i n  t h i s  case). 

Subs t i tu t ing  3.77 i n t o  ext rapolat ion 4 ,  (Table 4 . 3 ) .  Tlves an estimate 

of  2.22 for the log brook t r o u t  l i f e -cyc le  MATC, w i t h  a variance f o r  

t h i s  ext rapolat ion of 0.53. 

the double ext rapolat ion i s  0.14 + (0.81 x 0.53) = 0.57. 

Using Eq. (4-12), the t o t a l  variance f o r  

I f  the  log  of  the expected environmerml concentration (EEC) i s  

2.0 w i t h  a variance of 0.5, then the p robab i l i t y  t h a t  a rea l i za t i on  of 

the  krook t r o u t  MATC i s  less than a r e a l i z a t i o n  of the EEC i s  determined 

from Eq. (4.4;. by ca lcu la t ing  

(2.0 - 2.22) / (0.57 + 0.5)1/2 = -5.21 . 
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The cumulative probability for  this Z value (obtained from a 2 table) 

Is 0.42. 

brook t rout  would be exceeded is  0.42, or  we are  58% certain tha t  

chronic e f fec ts  would not occur. 

Thus,  the risk that  t i e  threshold fo r  chronic e f fec ts  on 

4.4 RISK WXTPOUT REBRESSION 

In a few cases the assessor wil l  have i n  hand the benchmark tha t  

corresponds t o  his assessment end point; f o r  example, he i s  interested i n  

chronic e f fec ts  on rainbow trout  and he has d rainbow t rout  MATC fo r  the 

chemical of concern. 

variance between replicate t e s t s )  must be accounted for,  because the 

assessor w i  11 be uncertain as t o  the representativeness of the sample 

of f i s h  used i n  the t e r t  and the biases introduced by variation i n  

procedures and conditions. 

I n  tha t  case uncertainty (as a result of the 

T h i s  variance i s  not accounted fo r  separately 

when regressions are used fo r  extrapolation, because i t  contributes t o  

the to ta l  uncertainty i n  the regression estimates. 

Pooled variances for  particular t e s t  types and taxa a re  presented i n  

Table 4.4. These are  averages of the variances of replicate benchmark 

values. weighted by the-degrees of freedom f o r  each s e t  of replicate 

t e s t s .  The se t s  are  drawn from Appendix A and the EPA ambient water 

quali ty c r i t e r i a  support documents. 

variances t o  be homogeneous, t h i s  pooled variance can be applied t o  

unreplicated data. 

toxicological benchmark is the best estimate of the mean of such 

benchmarks, then tha t  benchmark and the appropriate pooled variance can 

be used t o  estimate the risk tha t  the benchmark w i l l  be exceeded by a 

partlcular dis t r ibut lon of environmental concentrations (Sect. 4.2).  

Since we have determined the 

If we assume t h a t  an individually measured 
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Table 4.4. Pooled variances of  log LC50. EC50, and RATC 
values from r e p l i c a t e  tes ts  

Senc hma rk  na 
Pooled 

varianceb 

Ostei chthyes 4 0  

HATC 

DaDhnia EC50 

MATC 

31/333 

15/66 

1 1  /E1 

10/33 

0.018 

0.22 

0.15 

0.17 
~~ ~ 

aNumber of  species-chemical combinations/total number o f  t e s t s .  

h e a n  variance o f  log values weighted by the  degrees o f  freedom. 
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* I f  i n  our example the  rainbow t r o u t  M T C  f o r  the chemical o f  

I n te res t  is 20 v g i l ,  then the  mean and variance o f  the l og  MATC are 

1.3 ( l o g  20) and 0.22, respectively. 

i s  known w i t h  ce r ta in t y  t o  be 10 vg/L, then the cumulative Z value 

calculated from EQ. (4 .7)  i s  -0.64; the  p r o b a b i l i t y  ( r i s k )  t h a t  t h i s  

concentration is  higher than the  MATC i s  0.26. 

74% ce r ta in  t h a t  the env i rvmenta l  concentration w i l l  no t  exceed the  

I f  the environmental Concentration 

I n  other words, we are 

rainbow t r o u t  MATC. 

We nave l im i ted  ourselves t o  empi r i ca l l y  derived estimates o f  

variance i n  t h i s  section, thereby i m p l i c i t l y  assuming t h a t  the variance 

i n  response between the laboratory and the  f i e l d  i s  no greater than the 

variance between one laboratory and the  next. The assessor who does 

not  be l ieve t h a t  the tox i co log i ca l  benchmark adequately represents h i s  

assessment end po in t  may read1 l y  i t xorpora te  t h a t  subject ive uncer ta in ty  

by adding an increment o f  variance before ca lcu la t ing  the  r i sk .  It is 

important t o  c l e a r l y  document such judgments, inc lud ing who made them 

and on h a t  basis, and t o  separate the  judgment from the  ca l cu la t i on  of  

end po in t  values and risks so as t a a v o i d  the tea?tat ion t o  f i d d l e  w i th  

the conclusion. 

4.5 CMPARISON OF METHODS 

We examine here the  e f f i cacy  of AEE by comparing i t s  a b i l i t y  t o  

p r e d i c t  the  M T C  for p a r t i c u l a r  f i s h  specles from a fathead minnow 

l C s 0 ,  w l t h  the  a b l l i t y  o f  an ur,transformed fathead minnow MATC, a 

fathead minnow MATC w i t h  an app l ica t ion  fac to r ,  and lCsos w i t h  

acute/chronlc cor rec t ion  fac to rs  t o  p red ic t  the MATC for t h a t  species. 
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Although the double ext rapolat ion used as an exampl o f  AEE 1 not  - 
intended t o  be used i f  a measured MATC i s  ava i lab le (one would use 

extrapolat ions from the fathead minnow MATC t o  MTCs f o r  the taxa of 

i n te res t ) ,  i t  does provide an i ns t ruc t i ve  comparison o f  the  p red ic t i ve  

power o f  AEE using a double ext rapolat ion t o  t ha t  o f  the  quot ient  

method and the quotient method w i th  factors. 

, 

The resu l ts  o f  t h i s  comparison are presented i n  Table 4.5. A l l  o f  

the  numbers i n  the tab le  a re  derived from data i n  Appendix A. 

measured fathead minnow MATC i s  i n  e r r o r  by a t  leas t  a fac to r  o f  2 i n  

71% of  the cases and by a f a c t o r  o f  10 i n  10% o f  the cases. The 

appl icat ion fac to r  HATC [ ( t r u e  L C ~ ~ / F M  L C ~ ~ )  x FM H A x j  i s  i n  e r r o r  

by a fac to r  o f  2 i n  51% o f  the cases and by a fac to r  o f  10 i n  19% of 

the cases. The ext rapolat ion MATC i s  i n  error by a f a c t o r  o f  2 i n  11% 

The 

o f  the cases and by a f a c t o r  o f  10 i n  19% o f  the  case-. 

comparisons o f  the methods, the  extrapolated MATC was c loser  t o  the 

t r u e  MATC than the fathead minnow MATC I n  44% o f  the cases. The 

ext rapolat ion MATC was c loser  than the  app l ica t ion  fac to r  MATC i n  43% 

of the cases. Thus, the use of  ALE w i t h  acute fathead minnow data i s  

approximately as accurate i n  p red ic t ing  the chronic t o x i c i t y  t o  a 

p a r t i c u l a r  species (other than the fathead minnow) as i s  f a t h u d  minnow 

chronic data, w i th  o r  wi thout  an app l ica t ion  factor .  

I n  p a i r n l s e  

The use of LCsos w i th  the  most c o m n  acute/chronic c o r i - - r t l o n  

fac to rs  (1/20 and 1/100) gives somewhat worse resul ts .  When rhese 

cor rec t ion  factors  are appl ied t o  the fathesd minnow LC s ,  t f ?  1/20 

fac to r  f a i l s  t o  p red ic t  the  t r u e  MATC w i th in  c fac to r  o f  2 i n  BOX o f  

50 

t he  cases and w i t h i n  a fac to r  of 10 i n  39% of the cases; the  1/100 
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Table 4.5. Corparison o f  methods f o r  es t i aa t i ng  the WlC  f o r  a species other 
than fathead a i n n w  ( a l l  values are ug/L) 

FM l r u e  l r u e  FM AF Extrapolated 

Chmical  Species 

Arsenic 

Atrazine 

cadoiu 

Chromium 

Copper 

k X d C  h 1 O r O -  
cyc lohcxane 

na l a  t h i o n  

Methyl mercury 

loraphene 

Zinc 

F lagf i sh 

Brook t r o u t  
8 l u q i  11 

B l u q i l l  
B+Ook trout 
Flagf i s h  
W I leye 
Channel c a t f i s h  
White sucker 
Small mouth bass 
Northern pike 
Lake t r o u t  
coho salmon 
8rwn t r o u t  

Brook t r o u t  
Rainbow t r o u t  
BlUegi 11 
Channel c a t f i s h  
Lake t r o u t  
Northern Dike 
White sucker 

Bluegi 11 
Bluntnore minnou 
Brook t r o u t  
S l a m  t r o u t  
Lake t r o u t  
Northern p i k c  
White sucker 
Channel c a t f i s h  
Ualleye 
RdtnbW t r o u t  

Bluegi 11 
Brook t r o u t  

Bluegi 11 
f lagf i s h  

Brook t r o u t  

Channel c a t f i s h  

Brook t r o u t  
Rainbow t r o u t  
F l r g f  ish 

f l a g f i s h  

14,200 

15.Ooo 
1s.m 

boo0 
(000 
bo00 
bo00 
(000 
bo00 
bo00 
bo00 
boo0 
6000 
bo00 

3b.900 
3b.900 
3b.900 
3b.900 
3b.900 
3b.900 
36.900 

253 
253 
253 
253 
253 
253 
253 
253 
253 
253 

b9 
b9 

10.s00 
10,500 

15 
b5 

1.2 

2349 
2349 
2349 

14,400 

6100 
4900 

21100 

2S00 

59,000 
b9.OOO 

1100 
230 
100 

80 

30 
2b 

110 
349 

15 
24 3 

16.5 

2000 
4 30 
1500 

2962 

218 
. 8 8  

50 
2.4 
5.3 

1s 
14 
1.1 
1.4 
1.4 
1.4  
1.2 
b.1 

215 
2b5 
1b5 
214 
143 
120 
395 

29 

13 
32 
31 
bo 
21 
15 
11 
20 

8.8 

10.1 
12.1 

5.2 
9.7 

0.52 
0.2 

0.20 

852 
191 
3b 

302b 

4 309 
4 309 

4b 
4bh 
469 
4 b9 
4 bg 
4 b9 
4 b9 
I b 9  
469 
4 b9 
4b9 

19819 
19819 
19879 
19819 
1981h 
19819 
19819 

25 
259 
25 
25 
25 
259 
25 
25 
25 
25 

14.b 
14.b 

34lh 
341h 

0.099 
0.099 

0.0319 

889 
889 
889 

3251 

192 
140 

1629 

199 

31719 
3115h 

1 Od9 
239 
10 

1.99 

6.3 
5.59 

3.b 
11.3 

0.109 
0.33 

0.0859 

15h 
lbh 
Sb 

b2.1h 

3Ob 
3389 

Sb 
54h 
239 
5b9 

1129 
13Eh 
5b9 
549 
549 
549 
549 

255 
255 
214 
389 
2S5 
2559 
498 

5.bg 

3.  b4g 
3.b49 
3.  b49 
3.b4h 

14.1 

14.1 
12.1 
5-69 
3.M9 

1 .O2h 
0.44h 

2lOh 
499 

0.41 
0.879 

0.38 

24h 
249 
149 

-- -- 
aMeasured fathead minnow LC50; on ly  LCsos from the same study as the FM MlC d e t e r a i ~ t l o n  

bMeasured LC5os f o r  the l i s t e d  species; only lC50s frm the same study as the M A l C  

Clhe measured Mlt f o r  the l i s t e d  species. 

dA measured MlC f o r  fathead minnows; rep l icates are t reated as i n  note (c) .  
e ( l rue  LC5o/fM LCw) I f M  MAlC. 
~ M A T C  ca lcu lated from a fa thtad minnw ~ ~ 5 0  using taxonomic and acute/chronic 

9 ts t i aa tes  t h a t  d i f f e r  from the t rue  MAlC by a fac to r  o f  2 o r  greater. 
h€st imat ts  t h a t  d i f f e r  from the t rue  Mlt by a fac to r  o f  10 o r  greater. 

are used. 

determination are used. 

l i f e - s t a g e  MlCs. otherwise the gemet r i c  mean of r e p l i c a t e  M l C s  i s  used. 
L i f e - c y c l e  M l C s  are preferre4 over ear ly  

eat rapo l a t  ions. 
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f ac to r  f a i l s  t o  p red ic t  w i th in  a fac to r  o f  2 i n  76% o f  cases and w i th in  

a fac to r  o f  10 i n  29% o f  cases. When applied t o  the t r u e  LCs0. the  

1/20 fac to r  f a i l s  t o  p red ic t  t he  t r u e  HATC w i th in  a f a c t o r  o f  2 i n  81% 

o f  the  cases and w i t h i n  a fac to r  o f  10 i n  24% of the cases; the 1/100 

f a c t o r  f a i l s  t o  p red ic t  w i th in  a fac to r  o f  2 i n  86% of cases and w i th in  

a fac to r  o f  10 i n  38% o f  cases. These factors  and LCs0s are poorer 

predic tors  of  MTCs than the  methods previously discussed, and nei ther  

correct ion fac to r  does s i g n i f i c a n t l y  be t te r  than the other  i n  t h i s  

exercise. 

AEE has the advantage over the other methods o f  i nd i ca t i ng  how 

I n  t h i s  exercise the  95% pred ic t lon  inaccurate i t  is l i k e l y  t o  be. 

i n te rva l s  (Pls) for the extrapolated HATCs includes the  t r u e  HATC i n  

a l l  bu t  one o f  the 41 cases; therefore, using the lower 95% PIS as 

standards would have prevented exceeding the t rue  HATC i n  98% o f  the 

cases. This resu l t  suggests the reasonableness o f  the  variance terms 

used i n . t h i s  version of  the method. 

While t h i s  exercise does no t  cons t i tu te  a va l i da t i on  o f  AEE, i t  

does ind ica te  tha t  i t  i s  a good pred ic t i ve  t o o l  r e l a t i v e  t o  methods 

t h a t  are cur ren t ly  used. It a lso  demonstrates tha t  a l l  o f  the methods 

have large associated errors; therefore, i t  i s  important t o  e x p l i c i t l y  

account f o r  uncertainty i n  predict ions, as i s  done w i t h  A€€. 

4.6 DISCUSSION 

The ch ie f  advantage of the analysis of ext rapolat ion e r ro r  method 

i s  t h a t  i t  provides an objective, quant i ta t i ve  estimate o f  r i s k  without 

depar t ing from the general ly accepted prac t ice  o f  de f i n ing  assessment 
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end' points in terms of toxicological benchmarks. Compared with the 

quotient method, the extrapolation error method has the advantages of 

making assumptions concerning the relationship of the data and the 

end point explicit, treating the relationship as a set of quantitative 

extrapolations, estimating the uncertainty in the relationship, and 

producing an estlmate of risk based on estimates of the end point and 

of the associated uncertainty. 

are not from the needed test type and species, the quotient method 

If the data available for an assessment 

requires that one use the data available and pretend that they are 

appropriate, use correctlon factors without considering the associated 

uncertainty, or aggregate the uncertainty factors with the correction 

factors and treat the assessment deterministically. 

population and ecosystem models (Sects. 5 and 6). ALE has the advantage 

of using as its end point the toxicological benchmarks that constitute 

the end points for all existing regulatory assessment schemes and 

environmental quality criteria. 

Compared with 

The limitations of ALE are that the method (1) i s  limited to 

end points that can correspond to standard toxicological benchmarks; 

consequently, unless subjective corrections ana uncertainties are used, 

it cannot address effects on entitles or processes that occur on 

spatiai or temporal scales beyond the range of toxicity testing; (2) is 

computationally difficult relative to the quotient method and 

conceptually opaque to decision-rmkers who lack statistical training; 

and (3) assumes that existing data sets are representative of future 

toxicity data. The problem of the representatlveness of existing data 

sets i s  characteristic of any method that attempts to extrapolate 
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beyond the  ex i s t i ng  data. However, it I s  Important t o  pay close 

a t ten t ion  t o  t i re  po ten t i a l  biases i n  avai lab le data sets and t o  be 

aware o f  which sources of  v a r i a b i l i t y  (e.g., water chemistry, 

in te r labora tory  v a r i a b i l i t y ,  o r  d i f f e r e n t  s t ra ins  o f  t he  t e s t  species) 

are represented i n  the  data se t  and which are i m p l i c i t  i n  the 

assessment (e.g., should data from laboratories of unknown r e l i a b i l i t y  

be used, and should the resu l t s  o f  the assessment apply t o  a va r ie t y  o f  

s i tes ) .  

precise as the r e s u l t  o f  uslng a h igh ly  standardized data set. For 

example, studies of  the  acute e f fec ts  o f  narcot ic  chemicals i n  Lake 

I n  some cases, the  extrapolat ions can be inappropr ia te ly  

Superior water on the Duluth populat ion o f  fathead minnows (Vei th  e t  

a l .  1983) are used i n  QSARs t h a t  generate predicted LCsos t h a t  are 

more prec ise than rep l i ca te  t e s t s  i n  d i f f e r e n t  laborator ies using 

d i f f e r e n t  waters and f i s h  populations. More often, there  w i l l  be 

sources of  variance i n  the data sets t h a t  are extraneous t o  the 

assessment but  cannot be avoided because a more appropriate data set  i s  

not  avai lab le.  

o f  the uncer ta in ty  associated w i t h  performing assessments w i th  l im i ted  

I n  those cases the  extraneous variance i s  simply pa r t  

knowledge, which i s  s i m i l a r  t o  the  uncer ta in ty  concerning fu tu re  

emission rates o r  d i l u t i o n  volumes. 

While the AEE method was developed t o  provide estimates o f  r i s k ,  

i t  has a var ie ty  o f  o ther  po ten t i a l  uses. The regression and e r r o r  

propagation por t ions can be used t o  estimate tox i c  e f f e c t s  f o r  

populat ion and ecosystem models and t o  generate the parameter 

d i s t r i b u t i o n s  used i n  Honte Carlo s i m l a t l o n s .  This use i s  described 

i n  Sect. 5 and 6. Another po ter l t ia l  use i s  i n  designing t e s t i n g  
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I 

prograns. Decisions about the need for additional testing of a 

chemical could be made on the basis of the expected reduction in the 

total uncertainty concerning the true value of the end point. the 

expected reduction in risk, or the probability that the test will cause 

a change in a regulatory decision. 

testing individual chemicals, AEE could be used to elucidate the 

In addition to making decisions for 

implications of the decision rules in tiered tesiing schemes or to 

devise new decision rules. 

7278 
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5. EXTRAPOLATION OF POPULATION RESPONSES 
. 

L. II. Barnthouse, 6. W. Suter 11. A. E. Rosen, 
and J. J. Beauchamp 

As noted in Section 1 of this report, the end points of ultimate. 

interest in ecological risk assessment are effects of long-term 

exposures 011 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. 

effects of toxic contaminants are ever to reach the same level of 

sophistication as assessments of nontoxicologlcal stresses, such as 

fishing and power plants, it will be necessary 'to develop analytical 

techniques for extrapolating from individuai-level responses to 

populati on-level responses. 

If assessments of ecological 

Many of the components necessary for this task already exist. 

Section 4.1 of this report showed that statistical relationships 

(1) among 96-h LCs0s for different fish taxa and (2) between 96-h 

LCs0s and maximum acceptable toxicant concentrations (HATCs) can be 

used to extrapolate chronic effects thresholds for untested fish 

species from acute LCSOs for tested species. The literature on fish 

population modeling contains a variety of techniques for estimating 

population-level responses to age-specif ic changes in mortality, 

fecundity, and growth. 

In this section re describe a method of generating life-stage- 

specific concentration-response functions for either tested or 

untested fish species. We demonstrate the linking of the estimated 
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, conchtration-response functions, together w i t h  the1 r associated 

uncertaint ies, t o  simple f i s h  populat ion models t h a t  have proved usefu l  

i n  o ther  problems invo lv ing  anthropogenic stresses on f i s h  populations. 

Our ob ject ives are, f i r s t ,  t o  quant i f y  the uncer ta in ty  resu l t i ng  from 

ex t rapo la t ion  from bioassay resu l t s  t o  populat ion responses, and 

second, t o  express e f fec ts  o f  t o x i c  contaminants I n  comnon un i t s  w i t h  

e f fec ts  of other anthropogenic stresses on f i s h  populations. 

, 

5.1 FORUULATION OF CONCENTRATION-RESPONSE MODEL 

The concentration-response funct ion used I n  t h i s  study i s  the 

l o g i s t i c  model 

s (5.1 1 

where 
P = f rac t i ona l  response gf the  exposed population, 

X = exposure concentration, and 

. a,B = f i t t e d  parameters w i t h  no b io log i ca l  in te rpre ta t ion .  

When f i t t e d  t o  concentration-response data, t he  l o g i s t i c  funct ion has a 

sigmoid shape s im i la r  t o  the p r o b i t  model. 

assessment does no t  involve ext rapolat ion t o  extremely low doses, i t  

does n o t  mat ter  which model i s  used. The l o g i s t i c  model has convenient 

proper t ies t h a t  can be seen by reformulating i t  as 

Because ecolog ica l  r i s k  

where 

xp = concentrat ion producing a f rac t i ona l  response equal t o  P. 
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I f  a and 0 are specified, then Xp can be d i r e c t l y  calculated 

Al ternat ive ly ,  i f  Xp and 0 are specified. then a 

' 

from Eq. (5.2). 

can be calcti lated from 

a = ln [P/ ( l  - P) - BX,] . (5.3) 

I n  other words, the complete concentratlon-response func t ion  can be 

obtained by speci fy ing e i the r  (t and B o r  B and the  concentration 

associated w i th  a s ing le response leve l  (e.9.. the  LC2s). The 

parameter $ speci f ies the curvature of the  l o g i s t i c  function and i s  

independent o f  the pos i t ion  of  t he  curve on the concentration axis. I f  

two l o g i s t i c  functions have d i f f e r e n t  LCZ5s but the same curvature. 

t h e i r  0 parameters w i l l  be equal. 

I f  a chronic concentration-response aata set  i s  avai lab le f o r  a 

species and contaminant o f  In te res t ,  then a l o g i s t i c  

concentration-response funct ion and associated confidence bands can 

be obtained by f t t t i n g  the l o g i s t i c  model t o  the data. I f ,  however. 

d i r e c t l y  appl icable data are n o t  avai lable, a func t ion  and confidence 

bands can be obtained using extrapolated values o f  $ and LCZ5. 

The fo l lowing subsections describe methods f o r  cz l cu la t l ng  

concentration-response functions and confidence bands d i r e c t l y  

from data and by extrapolat ion. . 

5.2 F ITTING THE LOGISTIC MODEL TO CDNCENTRATION-RESPONSE DATA 

Concentration-response data sets can be f i t t e d  t o  Eq. (5.7) using 

nonl inear  l eas t  squares regression. This section describes the  

procedure f o r  f i t t i n g  chronic concentration-response data sets f rtm 
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who16 l i f e  cyc le  experiments t o  the  logist!c model. Although a var ie ty  

o f  r e s t  end points  can be used (e.g., growth or fecundity), on ly  the 

method used t o  model mor ta l i t y  1s described here. The data required 

are (1) the  number o f  rep l icates tested a t  each concentrat icn ( i m l u d i n g  

the controls), (2) the  number of organisms i n  each rep l i ca te ,  and 

(3) the number o f  organisms dying i n  e x h  rep l i ca te  ( inc lud ing the  

controls). As i n  the ext rapolat ion models described i n  Section 4 ,  t e s t  

concentraticns are entered as loglO(concentratlon i n  pg/L) so t h a t  

the un i t s  represent orders o f  magnitudes o f  concentrations. 

.-. 

The 

f rac t i on  o f  organisms dying i n  each r e p l i c a t e  1s corrected f o r  cont ro l  

m o r t a l i t y  using Abbott's formula (Abbott 1925), as described i n  

Section 4 .  We use the SAS procedure N L I N  t o  produce estimates o f  a 

and 8 and a variance-covariance mat r ix  f o r  a and 0 .  

Uncertainty concerning the  shape and pos i t ion  o f  the 

concentration-response function, as re f l ec ted  i n  the  variances and 

covariances o f  a and 8.  can be represented graphica l ly  as a 

confidence band surrounding the  f i t t e d  function, as i l l u s t r a t e d  i n  

Fig. 5.1. Brand e t  a l .  (1973) described a procedure f o r  ca l cu la t i ng  

confidence band functions f o r  the  l o g i s t i c  model from the elements of  

the variance-covariance matrix. A l te rna t ive ly ,  confidence bands can be 

calculated numerical ly by i t e r a t i v e  random sampling (j.e., Honte Carlo 

simulat ion) f r o m  the b i va r ia te  normal d i s t r i b u t i o n  defined by the  

variance-covariance m a t r i x .  Published data f r o m  f u l l  l i f e  cyc le  tes ts  

f o r  f i s h  are comnonly broken out  by l i f e  stage (e.g., eggs, larvae, and 

juveni les) .  To perform a popu'iation-level assessment using these data, 
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Fig. 5.1. Uncertainty band for the logistic model fitted to 

concentratlon-response data. For any contaminant 
concentration, there is a 90% probability that the fraction of 
organisms responding will lie within the shaded region. 



87 ORNL-6251 

, concintration-response curves nust be calculated separately for each 

life stage and then combined. We use Ronte Carlo simulation 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 combinations of interest in risk 

assessments, we developed a method for extrapolating logistic functions 

and confidence bands using data sets presented in Appendix 8. We used 

data sets for mortality to three life stages (eggs, larvae, juveniles) 

that together encompass the fish life cycle from egg to first 

reproduction. 

control mortality was 30% or larger or (2) the range of test 

concentrations did not span the LC25 were deleted. 

The data were screened, and sets for which (1 )  mean 

5.3.1 Extrapolation of 8 and LC25 

The chronic LC25, rather than the LCs0, was chosen as a 

benchmark because, in the' majority of available data sets, the range of 

concentrations used (usually 5-7 values per experimcnt, excluding 

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

the data sets that satisfied the exclusion criteria using the procedure 

described in Section 5.1. Data sets for which confidence Intervals for 

the fitted $ values included zero were excluded from further 

analysis. When the fitted $ values for the remaining 7 7  data sets 

were examined, they were found to fit a lognonnal distribution 
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wl th  a median of 6.08 ,  a 5th percent i le  o f  1.87, and a 95th percent l le  

o f  16.43. No s lgn l f l can t  d i f ference was found between the d l s t r l b u t l o n s  

of 0 ' s  f o r  the three l l f e  stages, and no cor re la t ion  was found 

between the B ' s  and the iC25s. 

, 

Equations f o r  est lmatlng chronic LC25s (wl th  associated 

confidence In te rva ls )  from acute LCsos were derived using the 

procedure described I n  Section 4. Separate equatlons were developed 

f o r  each of  the three l l f e  stages represented i n  the  chronic 

concentration-response data sets. 

5.3.2 Calculat ion and Ver i f i ca t l on  of  Synthetic 
Concentration-ResDonse Functions 

Glven extrapolated estimates o f  B (B*)  and LCZ5 (LC25*). 

an extrapolated estimate of a (a*) can be obtalned from 

a* = ln(1/3) - B*LC25* . (5.4) 

When substl tuted I n t o  Eq. (5.1), the extrapolated values of  a* and 

B* permlr the ca lcu la t lon  of  t he  expected response associated w l t h  any 

contaml nant concent ra t1  on. Uncertainty concern1 ng the  expected response 

I s  quanti f ied, using Uonte Carlo slmulatlon, from (1) the  observed 

d l s t r l b u t i o n  of f l t t e d  values of  B and (2 )  the  extrapolated e r r o r  

around the estimated LCzs (Sect. 4). Each d l s t r l b u t l o n  I s  sampled 

1000 times, and the randomly chosen palred values o f  B* and lCz5* are 

used t o  ca lcu la te  a s t a t l s t l c a l  d l s t r l b u t i o n  f o r  the  response assoclated 

w l t h  a given contaminant concentration. When t h i s  procedure i s  repeated 

f o r  a range o f  concentratlons, t he  p lo t ted  vatyes form a confldenr: band 

around the  extrapolated concentration-response funct lon (Fig. 5.1 ). 
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' O f  t he  77 chro IC concentration-response data sets used i n  t h i s  

analysis, corresponding 96-h LCs0s (1 .e., same species, contaminant, 

and experimental condit ions) were ava i lab le  f o r  60. We used t h f s  subset 

o f  60 data sets t o  v e r i f y  the  ext rapolat ion method. F i r s t ,  one data 

se t  was a r b i t r a r i l y  deleted f r o m  the subset. A d i s t r i b u t i o n  o f  B ' s  

and a se t  o f  acute-chronic regression equations were then calculated 

using the  remaining 59 sets. A synthetic concentration-response 

funct ion and 90% confidence bands f o r  the  contaminant-species l i fe -s tage 

combination represented i n  the deleted data set were then extrapolated 

from the appropriate acute LCso. F ina l l y ,  the l o g i s t i c  model was 

f i t t e d  t o  the  deleted data se t  and over la id  on the extrapolated 

uncer ta in ty  band. An example I s  presented i n  Fig. 5.2. 

This process was repeated f o r  each of  the 60 data sets I n  the 

v e r i f i c a t i o n  subset. 

LCl0s, LCZ5s, and LCs0s f e l l  outside the extrapolated 90% confidence 

bands were counted. There were seven "missesm a t  each of t h e  three 

response levels .  These compare favorably w i th  the  expected number, s i x .  

The number of  times the empi r i ca l l y  estlmated 

5.4 CALCULATING REDUCTION I N  REPRODUCTIVE POTENTIAL 

The population-level var iab le chosen as a response var iab le  i s  t he  

reproductive po ten t ia l  of a female rec ru i t ,  defined here as a 1-year-old 

f i sh .  

the  expected cont r ibu t ion  of t h a t  female t o  the next generation of  

recru i ts ,  tak ing  i n t o  account her annual p robab i l i t y  o f  surv iva l  a t  

d i f f e r e n t  ages; her expected fecundity a t  d i f f e ren t  ages, provided t h a t  

The reproductive po ten t i a l  o f  a female r e c r u i t  I s  defined as 
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.she survives; the probability that a spawned egg will hatch; and the 

probability that a newly hatched fish will survive to age 1. 

ability of a fish population to sustain exploitaticn (harvesting) by 

man and to persist in a variable environment is  directly related to the 

reproductive potential of female fish. 

The 

Models based on reproductive potential have been used to assess 

the effects of fishing and of power plant cooling systems on the risk 

of catastrophic declines In fish populations (Goodyear 1977). 

contaminants, like fishing. 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 population-level consequences of f ishing and 

toxic contaminants. The reproductive potential of a 1 -year-old female 

Toxic 

recruit i s  given by: 

n 

where 

So = probability of survival of eggs from spawning to 

age 1 year, 

Si = probability of survival of female fish from age 1 

to age i, 

Ei 0: average fecundity per mature female at age 1, 

Mi = fraction of age i females that are sexually mature, 

n 5: number of age classes in the population. 
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Toxic contamlnants may reduce the survival of f ish a t  a l l  ages. The . 
reproductive potential of a female recrui t  exposed t o  a toxic 

contaminant throughout her l i f e  cycle is  given by 

n 

i =1 
Ps 5 S o ( 1 3 )  1 s t  (1 *r) '-'Mi E; 

where 

mo = probabi l l t y  of contaminant-induced mortality d u r i n g  

the first year of l i f e ,  and 

m = probability of contaminant-induced mortality f o r  

1-year-old and older f i s h ,  assumed equal for  a l l  

age classes. 

r 

The fractional reduction i n  reproductive potential because of t o x k  

contaminants ( R S )  i s  given by 

Note tha t  natural young-of-the-year survival (So) ,  for  which reliable 

estimates are almost never available, cancels out of Eq. (5.7) and is 

not required f o r  the assessment. 

5.5 APPLICATION OF THE MODEL TO RAINBOW TROUT AND LARGEMOUTH BASS 

The rainbow t rout  (Salmo qairdneri) and largemouth bass 

(WctoDterus salmoides) were chosen a s  examples f o r  illustrating the 

above extrapolatlon techniques. Tables 5.1 and 5.2 present l i f e  

tables f o r  representative populations of these species. The 

life-stage-specific mortality estimates obtained from the 
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. Table 5.1. L i f e  t a b l e  f o r  rainbow t r e d  (klno ga?rdrtcc.;), mad?flcd 
from Boreman (1978). 

1 0.151 

2 0.234 

3 0.995 

4 1 .oo 
5 1 .oo 
6 1 .oo 

207 

850 

1787 

2734 

4685 

5424 

1 .o 
0.31 

0.090 

0.013 

0.0020 

0.00030 

'Proportion of mature females. 

bFecundlty per mature female. 

'Cumulative p r o b a b i l i t y  o f  surv lva l  from age 1 t o  age I. 
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Table 5.2. Life table for largemouth bass (Wcrooterus 
salmoldes), modified from Coomer (1976) .  

0.0 0 1 .o 
0.17 5,243 0.52 

1 .oo 10,830 0.19 

1 .oo 16,190 0.085 

1 .oo 24,500 0.039 

1 .oo 29,973 0.018 

1 .oo 36.287 0.0073 

0.0029 8 1 .oo 42,600 
~ ~ ~~ 

\ 

Proportion of mature females. a 

bFecundlty per mature female 

Cumulative probabllity of survival from age 1 to  age i .  C 
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conckntration-response model are t rans lated i n t o  age-speclf i c  surv iva l  

p r o b a b i l i t i e s  using the fo l low ing  equation: 

where 

me = p r o b a b i l i t y  o f  m o r t a l i t y  f o r  the egg stage, 

ml - p r o b a b i l i t y  of m o r t a l i t y  f o r  the l a r v a l  stage, and 

mj = p r o b a b i l i t y  o f  m o r t a l i t y  f o r  post - larva l  stages. 

I n  the chronic t o x i c i t y  tests, m applies roughly t o  the  period 
j 

from the  end of  the  l a r v a l  stage t o  the  age o f  f i r s t  reproductlo:. The 

t o t a l  dura t icn  o f  the egg and la rva l  l i f e  stages is only a f e u  months, 

whereas j uven i l e  females i n  both example populations do not reach 

sexual matur i t y  u n t i l  two years of age. 

f r a c t i o n  o f  j uven i l e  m o r t a l i t y  should be a l located t o  older age 

classes. However, i f  m o r t a l i t y  due t o  contaminants Is r e s t r i c t e d  t o  

I n  theory, therefore, some 

prereproductive f i sh ,  then the  a l l oca t i on  o f  a given f rac t i ona l  

m o r t a l i t y  (1 - m ) among prereproductive age classes does no t  a f f e c t  

t he  predic ted populat ion response. 

t o x i c i t y  t e s t s  t o  s a c r i f i c e  the  t e s t  f i s h  a f t e r  one spawning; thus, 

there  is normally no in format ion on the  ef fects  o f  t o x i c  contaminants 

on a d u l t  age classes. 

the  same m o r t a l i t y  as j uven i l e  f ish;  or (2) a l l  susceptible f i s h  are 

j 
It i s  comnon prac t ice  i n  l i f e -cyc le  

It can be assumed e i t h e r  t h a t  (1) adul ts  su f fe r  

k i l l e d  dur ing the  f i r s t  reproductive cycle; therefore, f i s h  surviv!ng 

t h e i r  f i r s t  spawning w i l l  n o t  suf fer  excess m o r t a l i t y  f o r  the remainder 

of  t h e i r  l i v e s  (1.e.. mr = 0 ) .  Assumption (2) I s  adopted here. 
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We note '.hat Eqs. (5.6) and (5.7) are h igh l y  sensi t ive t o  errors i n  

estimates of  adu l t  m o r t a l i t y  because of the  cumulative e f fec t  o f  

applylng (1 - mr) t o  each successive age class. 

' 

5.5.1 Comparison o f  F i t t e d  and Extrapolated Concentration-Response 
Functions and Uncertainty Bands 

F u l l  l i f e  cycle t o x i c i t y  data are no t  avai lab le f o r  e i ther  the  

rainbow t r o u t  o r  the largemouth bass f o r  any chemical. However, f u l l .  

l i f e  cyc le  t o x i c i t y  data e x i s t  f o r  brook t r o u t  (Salvel lnus f o n t i n a l i s )  

exposed t o  methylmercuric ch lo r i de  (Appendix 6). Figure 5.3 shows a 

concentratlm-response funct ion and confidence bands constructed by 

using the  brook t r o u t  as a surrogate f o r  rainbow t rou t .  The l o g i s t i c  

model was f i t t e d  t o  egg, l a rva l ,  and juven i l e  t e s t  data f o r  brook 

t r o u t .  

l i f e - t a b l e  data f o r  rainbow t r o u t  (Table 5.1). The brook t rou t  MATC 

f o r  methylmercuric chloride, as calculated from the same data se t  used 

The reproductive p o t e n t i a l  index was then ca lcu lated using the  

t o  construct t he  concentration-response functions,. I s  p lo t ted  on the  

concentration axis. The median value of the ECIO is 0.07 vg/L, and 

t h e  pred ic t ion  i n te rva l  (i.e., the  90% confidence i n t e r v a l  around the  

median) i s  approximately 0.03 t o  0.1 pg/L. The brook t r o u t  HATC f o r  

methylmercury, 0.53 vg/L, corresportds t o  i 60 t o  78% (median 68%) 

reduct ion i n  reproductive po ten t ia l .  

A methylmercuric ch lo r ide  acute LCs0 i s  avai lab le f o r  rainbow 

t r o u t .  

from a single-step ext rapolat ion,  from rainbow t r o u t  acute LCso t o  

chronic  LCzs, using the  method described i n  Sec'rlon 5.3. The median 

Figure 5.4 shows a concentratlon-response func t i on  constructed 
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Fig.  5.3. F i t t e d  concentration-response funct ion and uncertainty band 
f o r  the  reduction i n  female reproductive potent ia l  of brook 
t r o u t  ISa lve l inus  f o n t i n a l i s )  exposed t o  methylmercuric 
chlor ide .  The dashed l i n e  denotes the  10% ef fec ts  l e v e l  
(EC10) * 
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F i g .  5.4. Synthetic concentration-response function and uncerta inty  band 
f o r  the  reductlon i n  female reproductive p o t e n t i a l  of  rainbow 
t r o u t  (Salam g a i r d n e r l )  exposed t o  methylmercuric chlor ide .  
Chronic LC25s f o r  the  t h r e e  l i f e  stages were obtained by 
single-step ex t rapo la t ion  from an acute LCso f o r  rainbow 
t r o u t .  
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. responses from he extrapolated model (Fig. 5.4, are very close 

the median responses (Fig. 5.3) from the f i t t e d  model (median 

ECIO = 0.09 ug/L f o r  the f i t t e d  model and 0.10 pg/L f o r  the 

0 

extraplated model). The pred ic t ion  in te rva ls ,  howeve, , are much 

wider. The pred ic t ion  i n t e r v a l  f o r  the ECIO i n  Fig. 5.4, f o r  

example, ranges from 0.003 t o  1.2 pg/L. The rainbow t r o v t  HATC f o r  

methylmercuric ch lo r ide  (1.2 pg/L, extrapolated from brook t r o u t  

using the method described i n  Section 4). corresponds t o  a 10-100% 

reductlon i n  teproductlve po ten t ia l .  

I f  no acute LCso had been avai lab le f o r  rainbow t rou t ,  it would 

have been necessary t o  extrapolate a value from an acute LCso f o r  

another species. Figure 5.5 shows a concentration-response funct ion 

constructed from a two-step ext rapolat ion (Section 4) , from fathead 

minnow (Pimephales promelas) t o  rainbow t r o u t  acute LCs0 t o  chronic 

LC25. The pred ic t ion  i n t e r v a l  f o r  t h e  ECIO obtained from the 

two-step ext rapolat ion ranges from 0.0002-0.56 ug/L, w i t h  a median of 

0.015 pg/L. Thus, compared t o  the s ing le  extrapolat ion, the two-step 

ext rapolat ion produces median e f fec ts  about a fac to r  o f  f i v e  lower and 

pred ic t ion  i n te rva l s  about an order o f  magnitude wider. 

Comparisons o f  Figs. 5.3, 5.4, and 5.5 suggests that ,  as i s  

t r u e  i n  ext rapolat ion of M T C ' s  (Section 4), i n  ext rapolat ion o f  

concentration-response functions the acute-chronic ex t rapo la t ion  i s  

dominant source of  uncertainty. As a means o f  confirming t h i s  

inference, we examined the importance of Uncertainty concerning 0 

i n  determining the widths o f  p red ic t ion  i n te rva l s  obtained i n  the  

single-step ext rapolat ion (Fig. 5.4). Figure 5.6 presents a 
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Fig.  5.5 .  Synthetic concentration-response function and uncertainty band 
for the reduction i n  female reproductive potential of rainbw 
trout (Salmo gairdneri) exposed to  methylmercuric chloride. 
Chronic LC25s for the three l i f e  stages were obtained by 
two-step extrapolation from an acute LCso for fathead minnow 
JPimeDhales Promelas). 
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Fig.  5.6. Synthetic concentration-response function and uncerta inty  band 
f o r  the reduction i n  female reproductive potent ia l  o f  r a i n b w  
t r o u t  (Salmo gairdneri)  exposed methylmercuric chlor ide .  
Chronic LC25s were obtained as i n  F ig .  5.4. Uncerta inty  
concerning the curvature o f  the  function was el iminated by 
se t t ing  the  curvature parameter (8) constant a t  i t s  median 
value. 
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concentration-response funct ion constructed s i m i l a r l y  t o  Fig. 5.4, bu t  . 

0 i s  constant 

determined so 

LC25s f o r  the 

t o  9oX, Figs. 

assuming the value o f  B t o  be constant a t  i t s  median value. Because 

the width o f  the predic t ion i n te rva l  i n  Fig. 5.6 i s  

e l y  by the confidence In te rva ls  around the extrapolated 

three l i f e  stages. Within the e f fec ts  i n te rva l  o f  10 

5.4 and 5.6 are nearly iden t ica l .  Thus, w i th in  t h i s  

range, uncertainty accumulated i n  the acute-chronic ext rapolat ion 

domlnates a1 1 other sources. 

5.5.2 Comparison of  EXtraDOlated Concentration-ResDonse Functions 
and Predict ion In te rva ls  f o r  D i f fe ren t  Species 

Figures 5.7 and 5.8 show extrapolated concentration-response 

functions and uncertainty bands f o r  rainbow t r o u t  and largemolrth bass 

exposed t o  cadmium. ?or rainbow t rout ,  a s ing le ext rapolat ion was 

required, from rainbow t r o u t  acute LCso t o  chronic LC25. A double 

extrapolation, inc lud ing a genus-level taxonomic ext rapolat ion from 

LeDomis spe, t o  MicroDterus IE~Z. and an acute-chronic ext rapolat ion was 

necessary fo r  largemouth bass. Despite the  double extrapolat ion, the 

uncertainty band for largemouth bass is  noticeably narrower than the 

uncer ta in ty  band fo r  rainbow t r o u t .  The explanation f o r  t h i s  r e s u l t  is 

the  r e l a t l v e l y  high s e n s i t i v i t y  o f  salmonids t o  cadmium. The rainbow 

t r o u t  acute LCs0 Is near the low end of the  range o f  LCs0s 

(Appendix A) used i n  the  acute-chronic regression; as i n  a l l  l i n e a r  

regression models, p red ic t ion  in te rva ls  f o r  extrapolated chronic 

LC s increase i n  width w i th  Increasing distance from the  mean 25 

LCSO. Otherwise, the two sets of bands are q u a l i t a t i v e l y  s imi la r .  
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Fig. 5.7. Synthetic concentration-response function and uncertainty band 
for the reduction in female reproductive potential of rainbow 
trout (Salmo gairdneri) exposed to cadmium. Chronic LC25s 
were obtained by single-step extrapolation from an acute 
LCso for rainbow trout. 
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Fig. 5.8. Synthetic concentration-response funct ion and uncerta inty  band 
for the  reduction i n  female reproductive potent ia l  of  
largemouth bass (HicroPterus salmoides) exposed t o  cadmium. 
Chronic LC25s were obtained by two-step extrapolat ion f m  
an acute LC5o f o r  b l u e g i l l  ( L e w n i s  macrochirus). 
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' For both specles, the range of cadmium exposure concentratlons can 

be divided falrly preclsely Into three segments: a region of no 

slgnlflcant reduction, a reglon of certaln extinction, and a reglon of 

indetermlnate reductlon. The curves defining the upper and lower llmlts 

of the predlcted responses are qulte steep. The upper llmlt of the 

predlcted response, for example, falls to near zero at concentratlons 

only a factor of 2 lower than the lower llmlt of the EClO. Similarly, 

the lower llmlt of the predlcted response rlses to a 100% reduction 

wlthln an order of magnitude of the upper limit of the ECl0. These 

llmlts provide useful operational definitions for qualltatlve 

Identlflcatlon o f  low, high, and Indeterminate Impacts. For example, 

based on Fig. 5.8 It might be concluded that a long-term average 

cadmium exposure concentratlon of 0.01 ug/L would have no Impact on a 

largemouth bass populatlon, because, at that level, the upper limit of 

the predlcted response Interval Is less than 1%. 

could be made regarding the effect of this same concentratlon on 

rainbow trout, because the predicted response Interval at 0.01 pg/L 

However, no inference 

spans the full range from 0 to 100%. 

For both species, cadmlum HATCs correspond to predicted reductions 

In reproductive potentlal ranging from 10 to 100%. In fact, for all 

Flgs. 5.4 through 5.8, the MATCIS fall wlthln ?!w range of maximum 

uncertainty concerning population response. In Fig. 5.3, the MATC 

corresponds to a 60 to 80% reductlon In female reproductive potentlal. 

Thls result Is especlal ly noteworthy because the concentratlon-response 

functlon and confidence bands plotted in Fig. 5.3 were obtained without 

taxonomic or acute-chronic extrapolation by flttlng the loglstlc model 
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t o  the same dat se t  used t 
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estimate the  HATC f o r  brook t r o u t .  

Although no f i r m  conclusions are possible f r o m  the  l im i ted  number of  

comparisons presented here, the  consistent pat tern displayed suggests 

tha t  i t  nay inappropriate t o  i n te rp re t  the HATC. e i t he r  ca lcu lated o r  

extrapolated, as 

S.6 DISCUSSION 

Hal l e t  e t  a 

a chronic e f fec ts  threshold f o r  f i s h .  

. (1971) and Wall is (1975) proposed the use of 

f isherles-derived population models f o r  quant l fy lng the e f f e c t s  of  

contaminants on populations, although experimental o r  observational data 

on model a p p l i c a b i l i t y  was n o t  provided. We do n o t  propose t h a t  the 

methods described i n  t h i s  repor t  can be used t o  d i r e c t l y  p r e d i c t  the 

long-term responses of  f i s h  populatlons t o  tox i c  contaminants. He have 

noted elsewhere (Barnthouse e t  a l .  i n  press) tha t  f i sher ies  sc ien t is ts  

are s t l l l  unable t o  p red lc t  t he  long-term ef fects  of exp lo i t a t i on  on 

f i s h  populations t o  an accuracy and prec is ion  tha t  would be usefu l  f o r  

management decisions. However, we bel ieve i t  is feas ib le  t o  use 

populatlon-level assessment methods t o  perform r i s k  assessments i n  

the  same way t h a t  these methods are used by f i she r ies  managers: as 

ind ica tors  of stress t o  be supplemented by expert judgment. We cons!der 

three appl icat ions t o  be cur ren t ly  feasible: (1) i d e n t i f l c a t l o n  o f  

data c o l l e c t i o n  p r i o r i t i e s ,  (2) se t t i ng  of water q u a l i t y  standards, and 

( 3 )  quantl  t a t l v e  comparison o f  contamlnant-related r i s k s  t o  r i s k s  

associated w i t h  f i sh lng  o r  o ther  environmental stresses. 

We noted i n  Section 5.5.1 t ha t  the dominant source of  uncer ta in ty  

i n  est imat ing reductions i n  female reproductive po ten t i a l  (due t o  tox ic  
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contarninants) is the uncer ta in ty  accumulated i n  ext rapolat ing from 

acute LCfios t o  chronic LCZss. This resu l t ,  and the f a c t  t h a t  only 

acute data are avai lab le f o r  most chemicals, suggests the great 

importance o f  obtaining a be t te r  understanding of  re la t ionshlps between 

acute and chronic e f fec ts  i n  r i s k  assessment. The s e n s i t i v i t y  o f  

population-level indices t o  estimates o f  contaminant e f fec ts  on adu l t  

f i s h  i n  iteroparous species, noted i n  Section 5.4, i n d i c i t e s  the need 

t o  evaluate the  e f fec ts  o f  contaminants on o lder  f i sh ,  a t  leas t  t o  the  

extent o f  t es t i ng  the  hypothesis tha t  m o r t a l i t y  is r e s t r i c t e d  p r imar i l y  

t o  ear ly  l i f e  stages. 

Currently, water q u a l i t y  c r i t e r i a  are derived from HATCs, the 

geometric means of  no observed e f fec ts  and lowest observed e f fec ts  

concentrations (NOECs and LOECs). A NOEC is the hlghest concentration 

used i n  a t o x i c i t y  t e s t  a t  which no s t a t i s t i c a l l y  s i g n i f i c a n t  

(conventional 95% confidence leve l )  d i f ference is observed between 

experimental and cont ro l  m o r t a l i t y  and the LOEC is the next  higher 

concentration i n  the d i l u t i o n  series. As noted by Gelber e t  a l .  

(7985), NOECs have the undesirable property t h a t  the  l i ke l i hood  of  

observing an e f f e c t  a t  a given concentration i s  as much a funct ion o f  

experimental design as of  contaminant t o x i c i t y .  I n  par t i cu la r ,  NOECs 

are nonconservatlve i n  t h a t  factors  resu l t i ng  i n  lower t e s t  prec is ion 

(e.9.. low number of  organisms per rep l icate,  low number o f  rep l icates,  

and high between-replicate v a r i a b i l i t y )  tend t o  increase the  observed 

NOEC and reduce the l eve l  o f  environmental p ro tec t ion  afforded by water 

c r i t e r i a  derived from the NOEC. I n  Section 5.5.2.  i t  was shown t h a t  

HATCs f o r  rainbow t r o u t  and largemouth bass are cons is ten t ly  greater 
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than estimated populatlon-level E C , O ~ ,  even when the logistic model * 

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 quality 

criteria based on concentration-response relationships would be 

superior to one based on HATCs. 

that, when concentrations are plotted logarithmically, all of the 

concentration- response functions developed in this section approximate 

step functions. When uncertainty bands are considered, the plots can 

be divided into nearly rectangular regions of no expected effect, high 

expected effect, and indeterminate effect. If this observation is 

generally true of concentration-response relationships f o r  toxic 

chemicals, then the response regions could be used to define ambient 

water quality criteria that reflect the degree of scSentific 

uncertainty concerning concentrations having adverse effects on 

populations. 

In this connection, It is slgnlficant 

Expression of the effects of toxic contaminants in the same units 

used to assess other forms of mortality permits comparison of the 

effects of contaminants with the effects of exploitation by fishermen. 

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

fishing pressure and to environmental pollution. Successful management 

of these populations depends on determining the relative importance of 

these stresses. The reproductive potentlal index used in Section 5 Is 

similar to indices that have been used to compare the entralrnent and 

impingement by power plants to the impact of fishing (6oodyepr 1977. 

Dew 1981). thus, the Index appears suitable for this purpose. 
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‘The utility of comparing/combining estimates of effects of 

contaminants and of exploitation depends on whether populations exposed 

t.o toxic contaminants respond In a manner similar to exploited 

populations. Some evidence exists that these responses are at least 

qualitatively similar. In a review of the effects of exploitation on 

fish populations, McFadden (1977) concluded that exploitation typically 

causes Increased growth and fecundity and sometimes cauces decreased 

maturation time. 

the increased mortality associated with fishing, thus allolring the 

These responses hare the effect of cowensating for 

populations to persist and susttln exploitation. NacFarlane and 

Franzin (1978) noted these same changes !n a population of white 

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

and Marshall (1983) noted that laboratory populations o f  DaDhnia 

galeata mendotae exhibit responses to cadmium stress that are 

qualitatively similar to the responses described by McFadden. They 

proposed that effects of toxic contaminants on zooplankton populations 

could be quantified using models developed to describe fisheries. 

At least for fish populations, population-level risk assessment 

models appear to have several important uses. We believe that the 

reproductive potential index used in this report is the simplest such 

index that integrates data on effects o f  toxic contaminants on all life 

stages; however, it is by no means the only possible index that could 

be used. Several authors, notably Gentile et al. (1983) and Daniels 

and Allan (1981). have used the intrinsic rate of natural increase (r) 

to integrate data on mortality, 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 groductir?n, where the 

prlmary effect of chemicals i s  reduced growth rather than Increased 

mortality. All of these approaches are applicable to Invertebrate 

populatlons as well as to fish. The extent to which the use of 

population-level r i s k  assessment models can supplement o r  supplant 

currently used Individual-level approaches remains to be detemlned. 
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6. ECOSYSTEH LEVEL RISK ASSESSMENT 

R. !/. O'Neill, S. H. Bartell, and R. H. Gardner 

6.1 INTRODUCTION 

Environmental toxicology i s  in a period of rapid transition. The 

need to predict toxic effects in natural ecosystems is pressing. yet 

our ability to extrapolate from laboratory to field i s  limited by our 

inability to describe mechanisms controlling natural systems. Thus, 

the science i s  experiencing rapid evolution in laboratory measurements 

and in methods for extrapolation to the field. 

Particularly critical is the need to predict higher-order effects 

at concentrations well below acute toxicity (LCs0). Synergistic 

effects result from biotic interactions, such as competition and 

predation, and abiotic constraints, such as temperature and limited 

nutrients. These processes alter the response of organisms in the 

ecosystem and cause effects that would not be anticipated from 

laboratory measurements of single species. 

Development o f  a credible predictive ability logically begins with 

the extrapolation of toxicological data collected in the laboratory to 

more complicated systems. O'Neill et al. (1982) introduced ecosystem 

uncertainty analysis (EUA) as one potential method for extrapolating 

toxicity data In aquatic systems. The objective of this section i s  

(1) to review the methodology that has been developed, (2) to illustrate 

results obtained with EUA using the Standard Water Column Hodel 

(SWACOH), and (3) to briefly discuss the methodology with regard to 

future modifications and refinements. 
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6.2 ECOSYSTEM RISK HETHODS 
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Because most o f  our work has centered on SWACM, it i s  convenient 

t o  begin by describing t h i s  model. This w i l l  pennit us t o  describe the  

methods i n  the context i n  which they were developed and permit us t o  

use SWACOM t o  i l l u s t r a t e  methodological deta i ls .  

6.2.1 DescriDtion of t h e  Standard Water Column node1 (SWACOHI 

SUACOM was modified from an e a r l i e r  model known as CLEAN (Park 

e t  a l .  1974). The model (Fig. 6.1) i s  designed t o  mimic the  pelagic 

por t ions o f  a lake ecosystem, inc lud ing ten phytoplankton populations, 

f i v e  zooplankton populations, three planktlvorous f i sh ,  and a top 

carnivore. The populations w i t h i n  a t rophic  l eve l  are described by 

s i m i l a r  equations but  w i t h  d i f f e r e n t  parameter values. Thus, each 

phytoplanktun population i s  characterized by i t s  maximum photosynthetic 

rate, l i g h t  saturat ion constant, Hichaelis-Menten constant, t e w e r a t u t e  

optimum, and suscep t ib i l i t y  t o  grat ing. 

The ab io t i c  d r i v ing  variables m i m i c  the environment o f  a northern 

d im ic t l c  lake (Fig. 6.2). The temperature describes an annual 

sinusoidal curve w i th  lake turnover occurring a t  4OC i n  the  spring 

and f a l l .  Radiant energy fol lows a s im i la r  curve, w i t h  l i g h t  g rea t l y  

reduced under i c e  cover. External sources add nu t r ien ts  each day o f  

the  year. Remineralized nu t r ien ts  are added t o  the  water colurpn from 

the  hypolimnion a t  spring and f a l l  overturn. 

Phytoplankton grow i n  response t o  l i g h t ,  temperature, and ava i lab le  

nu t r ien ts .  Self-shading e f fec ts  are accounted f o r  by i n teg ra t i ng  

photosynthesis over the 1 O - m  deep euphotic zone. Each phytoplankton 
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*populatt?Q has an optimal temperature at which its photosynthetic rate 

is maximum. Total fixation of biomass is primarily limited by 

available nutrients that are exhausted in periods of rapid growth. 

Brazing and predat!sn are described by a nonlinear interaction 

function (DeAnge?is et al. 1975). 

food supply and competition with other grazers. The consumer 

populations are ;imited by their individual metabolic and mortality 

rates and by predation. Both grazing and respiration rates are 

affected by temperature, with each population characterized by an 

This function considers both limited 

optimal temperature. 

SWACOH can describe a number of higher-order effects. Effects on 

one population can be altered by competition with other populations in 

the same trophic level. For example, stress on one phytoplankton 

population permits other phytoplankton populations to increase untll 

the nutrient pool limits growth. 

level can precipitate effects elsewhere in the system. 

Effects of a toxicant on one trophic 

For example, 

increased mortality in the forage fishes releases zooplankton from 

predation, which results in increased grazing on phytoplankton. 

Effects on all populations are influenced by seasonal variations in 

light, temperature and available nutrients. All these indirect effects 

are consequences of the dynamic relationships included in SWACOR. 

6.2.2 Omanizine Toxicity Data 

Ecosystem uncertainty analysis was derived to extrapolate toxic 

chemical effects measured on laboratory populations to likely effects 

on ecological production in aquatic systems. Laboratory test species 
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are no t  comprehensive i n  t h e i r  representation o f  Inhabitants o f  aquatic 

environments. Thus, an important aspect o f  performing EUA l i e s  i n  

associat ing assay species w i t h  t h e i r  ecological equivalents as 

expressed i n  SUACOII. 

The f i r s t  step i n  implementing EUA i s  t o  se lec t  o f  appropriate 

t o x i c i t y  data and t o  associate t h a t  data w i th  spec i f i c  components of  

SWACOM. Tox i c i t y  data on phytoplankton are sparse. 

f i n d  values f o r  green algae, such as Selenastrum cawicornutum, and 

these data are used for a l l  t e n  a lga l  populations i f  no other 

It I s  possible t o  

information i s  avai lable. I f  data are avai lab le on dlatoms and 

bluegreens, then a fu r the r  d i v i s i o n  i s  possible based on physiological 

parameters i n  the model and past  experience w i th  SWACOM. L ike diatoms, 

species 1 t o  3 appear ea r l y  i n  the spring and are associated w i t h  l ou  

temperatures and h igh n u t r i e n t  concentrations. Species 4 t o  7 dominate 

the  spring bloom and are associated w i th  intermediate temperatures and 

Vight. Species 8 t o  10 appear I n  the sumner and a re  to le ran t  o f  high 

temperatures and low nu t r i en t  concentrations. 

The i d e n t i f i c a t i o n  of  zooplankton i s  more tenuous. Based on model 

behavior and phys io log ica l  parameters, species 12 and 13 are i d e n t i f i e d  

w i t h  Cladocerans. The ubiquitous data f o r  DaDhnia mama are used f o r  

species 12. When data are ava i lab le  f o r  DaDhnia Dulex, they a re  used 

f o r  species 13. The remaining zooplankters (species 11, 14 and 15, and 

species 12 when no data were avai lab le f o r  0. Pulex) are simply 

i d e n t i f i e d  as crbstaceans. O f  the ava i lab le  data, t he  smallest LCso 

i s  assigned t o  15 and the la rges t  t o  11. 

necessary) i s  assigned an Intermediate value between these extremes. 

Species 14 (and 13 when 
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.To assume species 15 t o  be the  most sens i t i ve  i s  conservative. Since 

an increase i n  bluegreen algae I s  one of  our end points, we assign the 

greatest s e n s i t i v i t y  t o  the  consumer (1.e.. 15). which i s  most abundant 

during t h e  s u m r  o f  the simulated year. 

Acute t o x i c i t y  data f o r  fathead minnow (PlmeDhales Dtomelas), 

b l u e g i l l  (Leomis macmchirus), and guppy (Poecl l la  r e t i c u l a t a )  are 

assigned t o  fordge f i s h  (species 16, 17, and l e ) .  When data on these 

species are not  avai lable, others are substituted, such as go ld f i sh  or 

mosquitofish. The top  carnivore or game f i s h  (species 19) 1s usual ly  

i d e n t l f i e d  as rainbow t r o u t  (Salmo crairdnerl). 

The general pauci ty  o f  acute t o x i c i t y  data can complicate the  

assignment o f  SWACOH populations t o  assay species. Therefore, it has 

been prudent t o  determine the  s e n s i t i v i t y  o f  r i s k  estimates t o  

d i f f e ren t  patterns o f  assigning assay species t o  model populations 

(O'Neil l  e t  at. 1983). 

6.2 .3  General Stress Syndrome 

Typical t o x i c i t y  data provide informatlon on m o r t a l i t y  (or s im i la r  

end point )  bu t  provide l i t t l e  i n s i g h t  on the  mode o f  ac t i on  o f  the  

chemicals. Thus, some assumptions must be made about how the  tox icant  

a f fec ts  t h e  phys io log ica l  processes i n  SWACOM. I n  an app l i ca t i on  t h a t  

focuses on a s ing le chemical, i t  may be possible t o  ob ta in  de ta i led  

information on modes of  act ion. However, i n  general, such in format lon 

i s  not  avai lable, and it i s  necessary t o  make a s ing le  ove ra l l  

ass umpt i on. 
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We assumed t h a t  organisms respond t o  a l l  toxicants i n  a uniform . 

manner, t h a t  Is, the General Stress Syndrome (GSS). 

t h i s  involved decreased maximum photosynthetic ra tes (Ps) , an increased 

Hichaelis-Henten constant (Xk) , increased suscep t ib i l i t y  t o  grazing 

(W), and decreased l i g h t  saturat ion (Si). For zooplankton, forage 

f i sh ,  and game f i sh ,  the syndrome involved increased resp i ra t ion  (R), 

decreased grazing rates (G), increased susceptibi l i t y  t o  predation ( W j ,  

and decreased ass imi la t ion  (A). 

For phytoplankton, 

The 6SS defines the d i r e c t i o n  o f  change of  each parameter i n  

SWACOH. It I s  a lso  necessary t o  make an assumption about the  r e l a t i v e  

change i n  each parameter. We have assumed tha t  a l l  parameters are 

changed by the same percentage. 

a To t e s t  the e f fec ts  of  the 6SS on estimates o f  r i sk ,  t h e  signs on 

the  growth parameters were systematical ly varied, and EUA was performed 

f o r  two chemicals characterized by very d i f f e r e n t  patterns of 

s e n s i t i v i t y  among assay species: naphthalene and mercury. The signs 

on the  e f fec ts  parameters f o r  photosynthesis and consumption must be 

negative or no t o x i c  e f fec ts  are possible. Results o f  b i o l o g i c a l l y  

reasonable va r ia t i on  i n  the remaining growth parameters showed the 6SS 

I t o  be conservative i n  i t s  est imation of  the  r i s k  o f  blue green a lga l  

production (Table 6.1). E f fec ts  syndromes other than t h e  GSS always 

produced greater estlmates o f  r i s k  t o  game f ish.  

syndromes involved a decrease i n  optimal temperatures for growth i n  

response to. tox icant  exposure, f o r  which 1 i t t l e  experieental evidence 

i s  l i k e l y  t o  be ava i lab le  from current  bioassays. I f  information 

concerning the phys io log ica l  mode of  chemical ac t i on  is  ava i lab le  f o r  a 

However, these 
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Table 6.1. Risks of increased algal production and decreased game f i s h  
production i n  systematic a1 teration of the General Stress  
Syndrome. The optimal temperature for  grovth (To), prey 
preference ( W ) ,  assimilation efficiency (A ) ,  and grazing 
rate (6) were either increased (+) , decreased (-) , o r  
unchanged (0) i n  the  associated estimates of risk f o r  
exposure t o  naphthalene (0.0468 mg/L). 

T o W A 6  Algae increase Game f i s h  decrease 

0 + -  - 43.6 1.6 

0 - + +  0.4 0 

- 0 

0 0 0 0  9.4 .4.0 

- - - 0.2 31 .O 

4. + + +  9.4 0 

+ I + -  7 .O 0.2 

+ I. - + 0 13.2 

4 

4 

, i  

+ 
+ 

+ -  - 
- + +  
- + -  
- - +  
- - - 
t + +  

+ + -  
+ - +  
t -  - 
- + +  

- +  

42.4 

0 

0 

0 

0 

11.2 

14.4 

0 

31.6 

0 

0 

1 .o 
0 

0.2 

14.8 

1.6 

0 

1 .8 

30.6 

33.8 

0 

29.2 

- + -  1.8 0.4 

'Used i n  the General Stress Syndrome 
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spec l f i c  toxicant, the 6SS may be appropriately modified. For example, 

chemicals w i th  a narcot iz ing e f f e c t  could be represented by decreasing 

resp l ra t lon  I n  the GSS. S i m l  l a r l y ,  photosynthetlc enhancers or 

l n h l b l t o r s  can be more e x p l l c l t l y  depicted. The development of 

a l t e rna t i ve  stress syndromes i s  l lm l ted  only  by the basic bioenergetic 

formulatlon of  the growth equations I n  SWACOII. 

In  the absence o f  ln format lon t h a t  d e t a i l s  the mode of action, 

t h e  GSS appears as a conservative choice i n  the  app l lca t lon  of  EUA for 

evaluating the l i k e l y  e f f e c t s  o f  po ten t l a l l y  t ox i c  chemicals. 

6.2.4 H i  crocosm SImula t i  ons 

The key t o  changing parameters I n  the model I s  simulat ion o f  t h e  

experiments used t o  generate t o x i c l t y  data. This Involved s lmulat lng 

the  production dynamics o f  each species i n  i so la t lon ,  as It might occur 

i n  a laboratory under Idea l  constant conditions. l h e  parameters of 

t h a t  species were then a l te red  t o  dupl icate the  end p o i n t  used I n  t h e  

o r l g l n a l  experiment. Thus, f o r  an LCso o f  96 h, we would f i n d  the  

percentage change t h a t  halved the  population i n  4 d. 

A t  the concluslon o f  t he  MICROCOSM slmulatlons, we have the 

percentage change I n  the parameters t h a t  matches the experimental end 

po ln t ;  t h a t  I s ,  we can match the  response of  t he  populat ion t o  the  

spec i f  i c  concentration t h a t  represents t F  :I LCs0 and ECSO. We must 

now make an addi t lonal  assumption t o  a r r i v e  a t  the l e v e l  o f  response t o  

be expected f o r  other concentrations tha t  l i e  below the  LCso or 

ECSO. We assumed a l i n e a r  concentration-response re la t lonshlp.  

Thus, an environmental concentrat ion one-f I f t h  o f  the LCso would 
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cause a 10% reduction ,n the populat ion over the same t i m e  i n t e r v a l  as 

'the o r i g i n a l  t es t .  MICROtCSH simulat ions are then repeated w i t h  t h i s  

new end po in t  t o  a r r i v e  a t  the percentage change i n  the  parameter 

resu l t i ng  i n  a 10% reduction. 

a concentration-response curve i s  ava i lab le  for the tox:cant. 

The l i n e a r  assumption can be removed I f  

Because 

' Lion-response curves are concave, our assumption should 

. l i  i n  sing a leve l  of e f fec t  l a rge r  than would ac tua l l y  r e s u l t  

i f  t he  t e s t  were conducted a t  t h a t  concentrhtion. Therefore, t he  

l i n e a r  assumption i s  cowervat lve.  

imp l ica t ions  of  i n te rac t i ng  ecosystem components on modeling the  

I n  addit ion. EUA emphasizes the 

response o f  the system o t ox i can t  exposure. It i s  n o t  the i n t e n t  t o  

model concentration- osponse re la t ionsh ips  for i nd i v idua l  organisms. 

6.3 UNCERTAINTIES ASSOCIATED WITH EXTRAPOLATION 

To implement EUA, i t  i s  necessary t o  know not  on ly  the percentage 

change i n  parameters but  a lso the  Uncertainty t o  be associated w i t h  

t h i s  change. Monte Carlo s imulat ion (Sect. 6.5) i s  used t o  t r a n s l a t e  

uncer ta i  n t i  es regarding i ndi  v i  dua 1 parameters i n t o  uncer ta in ty  regarding 

system responses. We have assumed t h a t  a l l  parameter changes have an 

associated uncer ta in ty  o f  plus or minus 100%. This assumption seemed 

s u f f i c i e n t l y  conservative. I n  a spec i f i c  assessment, one might wish t o  

adopt a more complex s t ra tegy t h a t  would combine qrea ter  in format ion on 

modes o f  ac t i on  w i th  s t a t i s t i r  : ext rapolat ion procedures (Sect. 4 )  o r  

a survey o f  experienced researchers t o  a r r i v e  a t  more spec i f i c  estimates 

o f  uncer ta in ty .  
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Because of the relatlvely large uncertainties, the possibility. 

exis ts  t h a t  risks a re  due t o  the uncer t i9 t les  rather than the actual 

effect  of the chemicals. 

ignorance of the system rather than the potentlal toxic effect of the 

chemi cal s . 

In such a case, the risk is due t o  our 

To t e s t  for  the effect  of large uncertainties, we analyzed the 

deterministic response of t h e  model t o  several toxic substances. The 

deterministic response assumes no uncertainties In the parameters. 

This  response i s  approximately the average response of the system t o  

that  level of toxicant. The response can be expressed as the percentage 

change In the mean population relative t o  the .no toxicant. case. If 

the percentage change is  close t o  zero, then  the risk can be attr ibuted 

t o  uncertainty alone. 

chaged, the risks a re  attr ibuted t o  toxic effect  plus uncertainty. 

Analysis of the deterministic solution for  nine chemicals 

If the mean populations are significantly 

associated w i t h  the production of synthetic fuels from di rec t  

(Table 3.3.2 i n  Suter e t  a l .  1984) and indirect  (Table 3.3.2 i n  

Barnthouse e t  a l .  1985) coal liquefaction Indicates t h a t  the toxicity 

of mercury, cadmium, nickel, amnonia. naphthalene, and phenol 

contributes significantly t o  estimates of risk. Risks posed by 

arsenic and !ead resul t  more from uncertainties i n  extrapolation In 

these particular applications. 

6.4 RESULTS OF ECOSYSTLH RISK ASSESSMENTS 

Having descrlbed the methods t o  be used In set t ing up EUA. we 

will now present four example applicatlons. Our primary purpose i s  t o  
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demonstrate the utility of the method in routine assessments. However, 

we will also make it a point to show how the results of EUA differ fma 

population-oriented assessments. 

6.4.1 Risk Assessment for Direct and Indirect Liauefaction 

The results of risk assessments for real liquefaction technologies 

are shown in Fig. b.3 (Suter et al. 1984). Two end points were 

considered: 

algae and a 25% decrease in game fish biomass. These end points were 

chosen I S  indicative of minimal effects that could be noticed In the 

field. Risk values i.e., probabilities of exceeding the above end 

points, were calculated across a range of environmental concentrations. 

The range of exposures for each technology Is shown at the bottom of 

the figure. 

A quadrupling of the peak biomass of  noxious bluegreen 

Results for naphthalene are shown in Fig. 6.3. There is an 

upturn in the risk curves, showing significant rlsks at the higher 

concentrations reached by at least one of the technologies. The 

increased risk to game fish populations seems intuitively reasonable. 

However, the increasing risk of a bluegreen algal bloom with increasing 

concentration Is counterintuitive. This Is an example of the indirect 

effects that EUA is capable of showing. Even though each of the 

chemicals is toxic to the algae, the reduction in sensitive grazing 

organisms more than compensates for the direct effect on phytoplankton. 

Ecosystem uncertainty analysis can be used to compare risks 

est'mated for differeqt classes of chemicals for different direct 

liquefaction technologfes (Fig. 6.4). Here the four technologies all 
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show considerable r i s k s  o f  increased a lga l  production f o r  chemical 

class 3 (amnonia). The Exxon and H coal processes a lso  suggest s i m i l a r  

r i sks  associated w i t h  c lass 34 (cadmium). Other s i m i l a r i t i e s  and 

dif ferences among the technologies are readi l y  apparent from these 

presentations. Risks posed by chemical classes 5 and 34 are also 

notable f o r  i n d i r e c t  l ique fac tor  technologies (Fig. 6.5). 

6.4.2 Risk Assessment o f  ChloroDaraffins 

SWACOH has a lso  been applied (Bar te l l  1984) i n  an assessment of  

r i s k  f o r  chloroparaff ins (CPs). I n  t h i s  case, the risk o f  increased 

a lga l  production i s  14 t o  33% a t  concentrations o f  0.0001 mg/L. These 

r i s k s  increase a t  intermediate exposure concentrations and then decrease 

t o  near zero a t  the highest concentrations tested. 
4 

The r i s k  o f  decreased production of zooplankton, forage f i sh ,  and 

A t  t he  game f i s h  increase monotonically w i t h  exposure concentrations. 

highest t e s t  concentrations. the  l i ke l i hood  of a 50% decrease i n  forage 

f i s h  and game f i s h  approaches 1.0. The highest estlmates o f  r i s k  t o  

game f i s h  r e s u l t  a t  exposure concentrations t h a t  l i e  a t  t he  upper range 

o f  expected amblent concentrations (Zapotsky e t  a l .  1981). 

Risks o f  decreased game f i s h  biomass appear t o  r e s u l t  from the 

combined d i r e c t  t ox i c  e f fec ts  and the  e f fec ts  of  decreases i n  

zooplankton and forage f i s h  biomass a t  intermediate ch lo ropara f f in  

concentrations. 

The r e l a t i v e  importance of d l r e c t  and i n d i r e c t  e f fec ts  on the 

responses o f  each t rophic  leve l  t o  chloroparaff ins was analyzed. The 
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ORNL- DWG 83- 1 2 h  
LURGl 

1.0 0.8 0.6 0.4 0.2 0 0.2 0.4 0.6 0.8 1.0 

KOPPERS 

1.0 0.0 0.6 0.4 0.2 0 0.2 0.4 0.6 0.8 1.0 

Fig.  6.5. Comparison of  r i s k s  f o r  two i n d i r e c t  coal l iquefac t lon  
technologfe:. 
Fig.  6-4 (from Suter e t  a l .  1984). 

Risks and contaminant categories def ined as i n  
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resu l ts  indicated t h a t  i nd i rec t  a f fects  contr ibute more t o  r i s k  t h a t  do 

d i r e c t  e f fects  on Ind iv idua l  growth processes w i th in  t rophic  leve ls .  

A t  exposure concentrations t h a t  approach the highest rseasured 

concentrations o f  CPs, the  risk o f  a 100% Increase i n  bluegreen algae 

blooms ranges from 70 t o  761. A t  t h i s  concentratlon, the r i s k s  of  a 

50% decrease i n  forage f i s h  or game f i s h  might reasonably be expected. 

6.4.3 Patterns of Toxlcolotaical Ef fects i n  SWACOH 

I n  another study (O'Nei l l  e t  a l .  1983), SWACOH was used t o  

invest igate how d i f f e r e n t  aggregations o f  ecosystem components might 

a l t e r  conclusions drawn from laboratory data. We compiled data for 

cadmium, as shown i n  Table 6.2. The d i s t r i b u t l o n  o f  s e n s i t i v i t i e s  i n  

the f i r s t  column o f  Table 6.2 w i l l  be referred t o  as the  standard or 

@ popu 1 a t  1 on pattern. 

The f i r s t  step was t o  remove the di f ferences i n  s e n s l t i v i t y  among 

populations i n  the same t rophic  level .  The standard approach would be 

t o  take the geometric means of LCsos; however, the data represent a 

var ie ty  of t e s t  durations and end points (e.g., ECSOs and E C 2 0 ~ ) .  

To correct  for differences i n  t e s t  conditlons, we assumed a simple 

mor ta l i t y  process described by x ( t )  = x(0) exp (d t ) ,  where x(0) i s  

the i n i t i a l  population size, x ( t )  i s  the s ize a t  t ime t, and d i s  

the m o r t a l i t y  rate.  We assume t h a t  mor ta l i t y  i s  a func t ion  o f  

concentration, d = aC. We know the f ract ion,  F, = x( t ) /x (O) ,  t h a t  

survlves a t  one concentration, C,, measured over one t ime period, 

t,. Since I n  F1/Cltl = -a = 1nF /C t we 

e s t h a t e  the concentration, C2, t h a t  would 
2 2 2' can then 

r e s u l t  i n  a d i f f e r e n t  
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Table 6.2. foxlcologlcal data  used I n  examlnatlon of  pat terns of e f f e c t s  for  
cadml um 

Populat I on Trophic 
Mode 1 populatl  ons pat  tern  pat tern  No pat te rn  

Phytoplankton 1 -3 
4.7 
8-1 0 

Zooplankton 11 
12 
13 
14 
1 5  

Forage f l s h  16 
1 7  
18 

Game f l s h  19 

0.16 
0.06 
0.06 

0.50 
0.0099 
0.14 
'0.25 
0.0035 

0.63 
1.9 
1 . 6  

0.002 

0.050 
0.050 
0.050 

0.057 
0.057 
0.057 
0.057 
0.057 

1.2 
1.2 
1.2 

0.002 

0.025 
0.025 
0.025 

0.025 
0.025 
0.025 
0.025 
0.025 

0.025 
0.025 
0.025 

0.025 
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f ract ion,  P2, measured over a d i f f e r e n t  t ime period, t2. 

rearrangement we f i n d  

By s imple '  . 

Using Eq. 6.1 we a r r i ved  a t  a s ing le LCso f o r  each t rophic  

leve l .  The d i s t r i b u t i o n  of s e n s i t i v i t i e s  shown i n  the  second column of 

Table 6.2 w i l l  be re fe r red  t o  

we applied t h i s  approach once 

ar r i ved  a t  a s ing le LCso t h a t  

value i s  shown i n  the l a s t  co 

as the 'trophic' pattern. 

again t o  equate the t roph ic  value and 

removes even the t roph ic  pattern. This 

umn of  Table 6.2 and w i l l  be re fe r red  t o  

I n  addit ion, 

as 'no-pattern.' By beginning w i t h  the no-pattern case, we can 

progressively add elements of  t o x i c  pat tern i n t o  the simulations. 

t h i s  way, we can analyze f o r  the  e f f e c t  o f  the pat tern o f  d i f f e r e n t i a l  

s e n s i t i v i t i e s .  

I n  

Comparing the t roph ic  w i t h  the  no-pattern case, t he  upper h a l f  o f  

Table 6.3 shows the percent d i f fe rence i n  annual biomass o f  each 

t rophic  leve l .  

one could reasonably expect t o  f i n d  i n  the  ecosystem. 

more sens i t i ve  than the no-pattern LCso would ind icate.  

t rophic  leve ls  a r e  r e l a t i v e l y  insens i t i ve .  Therefore, t h e  tox icant  

reduces game f i s h  populat ion and has r e l a t i v e l y  less d i r e c t  e f f e c t  on 

other  organisms. Because game f i s h  are reduced, the  forage f i s h  

experience less predation and show an increase. Because there are more 

forage f i sh ,  there are fewer zooplankton. Because there  i s  less 

grazing, the phytoplankton increase. 

The resu l t s  i nd i ca te  the k ind of  i n d i r e c t  e f f e c t  t ha t  

The game f i s h  i s  

The other 
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Table 6.3. Comparisons of responses t o  d l f f e r e n t  pat terns of  
s e n s i t i v i t y  t o  cadmium 

Trophic vs no pat te rn  Percent d l  f f erence 

Phytoplankton 
Zooplankton 
Forage f i s h  
Game f i s h  

PoDulatlon vs trODhlC Pat tern  

Phytoplankton 
Zooplankton 
Forage f i s h  
Game f i s h  

19. 
-19. 

25. 
-33. 

1 .o 
-6.0 
-4.0 
-4.0 
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The next 

6. 
134 

tep I s  t o  compare the t roph ic  pat tern w i th  the  f u l i  

populat ion pat tern o f  t ox i c  s e n s i t i v i t i e s .  The percent d i f fe rence 

between t roph ic  and populat ion response i s  shown i n  the lower p o r t  

o f  Table 6.3. The average phytoplankton populat ion i s  larger ,  and 

consumer t rophic  leve ls  are always smaller when populat ion-speclf i  

7W8 

on 

the 

patterns o f  t o x i c  s e n s i t i v i t y  are ignored. Thus, the  In te rac t ions  t h a t  

occur among d i f f e r e n t i a l l y  sens i t ive populations w i th in  a t roph ic  l eve l  

can a f f e c t  the way the system responds t o  chemical stress. 

B i o t i c  in teract ions are important determinants o f  how the  

ecosystem w i l l  respond t o  stress. The resu l ts  emphasize t h a t  

predator-prey and competit ive in te rac t ions  are important determinants 

o f  system response t o  toxicants. Ignor ing the way ecosystem processes 

i n te rac t  w i th  tox i c  stress can bias estimates o f  environmental r i sk .  

6.4.4 Using SWACOM t o  Extravolate Bioassays 

An a l te rna t i ve  t o  standard s l g a l  bioassay methods measures 

short-term e f f e c t s  on phys io log ica l  processes. 

measured simply and prec ise ly  and i s  more sens i t i ve  t o  low 

Photosynthesis can be 

concentrations of some tox icants  than populat ion growth. 

described here (Giddlngs e t  a l .  1983). photosynthetic i n h i b i t i o n  i n  

algae was extrapolated t o  the ecosystem leve l  using SWACOH t o  

i l l u s t r a t e  the po ten t i a l  r i s k  o f  photosynthetic I n h i b i t i o n  f o r  t he  

ecosystem as a whole. We considered a t o x i c  impact o f  7-d duration, 

introduced a t  various times during the  year. On each date, we 

I n  the study 

simulated a tox icant  t h a t  caused a 50% reduction I n  the maximum 

photosynthetic r a t e  and a 10% m o r t a l i t y  on a l l  consumer populations 
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, Mortality alone had l i t t l e  effect  on the simulated pelagic 

ecosystem. When SO% inhlbltlon was included In the deterministic 

solution of the model, the effects  were much more pronounced w i t h  

average changes approaching 25% i f  the s t ress  began In day 170. 

Thus, the model indicates tha t  even a temporary inhibition of 

photosynthesis can have an important e f fec t  on other populations 

i n  the ecosystem. The exercise demonstrates tha t  the 

Interdependence of populations i n  an ecosystem makes I t  possible 

for  even temporary inhibition of algal photosynthesis t o  have a 

measurable impact on other organism, particularly i f  the other 

organisms are  a lso experiencing toxic effects .  

Another implication o f  the ecosystem slmulatlon is t h a t  the 

net effects  of releasing a toxicant into the whole ecosystem 

depend on the s t a t e  of the ecosystem a t  the time of release. The 

authors a lso infer  t h a t  the effects  on a population are,  t o  a 

large extent, functions of the ecosystem of w h k h  the populations 

are a part. A single toxicological response may have a variety 

of expressions, depending on the ecosystem context. For example, 

the death of a fraction of a population may be Inconsequential i f  

the growth of the population I s  limited by intraspecific 

competition; reduced competition IMY compensate for  the 

additional mortality. 

t o  complete elimination of the population by increasing i t s  

vulnerability t o  predators or reducing i t s  ab i l i t y  t o  compete 

w i t h  other populations. 

Conversely, d s l i g h t  toxic e f fec t  may lead 

i 

I 
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6.5 UONTE CARLO UETHODS AND ANALYSIS 

The essential feature of  the ecosystem approach t o  r i s k  analysis 

is  t o  use models such as SWACOM t o  extrapolate information on tox i c  

substances t o  the ecosystem leve l .  There are many numerical techniques 

avai lab le t o  quant i fy  the e f f e c t  of uncer ta in t ies associated w i th  such 

extrapolat ions (Rose and Swartzman 1981). Uonte Carlo methods are 

p a r t i c u l a r l y  useful because they are eas i l y  implemented, and they 

provide the necessary information t o  estimate confidence in te rva l s  

(Gardner e t  a l .  1983). 

Monte Carlo methods involve the  i t e r a t i v e  se lect lon o f  random 

values f o r  model parameters from speci f ied frequency d is t r ibu t lons ,  

simulat lon of the model f o r  each se t  of parameters, and analysis o f  t h e  

combined se t  o f  inputs and outputs (UcGrath e t  a l .  1975, Rubinstein 

1981). Systematic sampling methods are more e f f i c i e n t  than simple 

random sampling. We use quasi-orthogonal s t r a t i f i e d  random sampling 

methods ( re fer red t o  as La t i n  Hypercube sampling) because (1) the 

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

precise (see McKay e t  a l .  1979). (2) low ra tes o f  spurious re la t ionsh ips  

between randomly generated values are ensured (Iman and Conover 1982), 

and ( 3 )  computer codes e x i s t  f o r  generating values from a var ie ty  o f  

d i  s t r i  but1 ons . 
We have implemented a program, PRISU (Gardner e t  a l .  1983), 

espec ia l l y  w r i t t en  t o  perform Uonte Carlo simulations f o r  the 

est lmat ion o f  r i s k  indices. The program requires a FORTRAN subroutine 

of t h e  model and an input  f i l e  l i s t i n g  model parameters and t h e i r  

frequency d i s t r i b u t i o n s  (e.g., normal, uniform, lognormal, etc.). 
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Multiple regression analysis of the Monte Carlo results provides 

an analysis of how the index I s  affected by assumptions requlred i n  

extrapolating from laboratory t o  the ecosystem level (Doming e t  a l .  

1985). The contribution of each parameter t o  the regression sum of 

squares (1.e.. the amount of the var iabi l i ty  of y explained by a 

particular parameter) dlvided by the to ta l  sum of squares and 

multiplied by 100 forms an index, U, representing the percent 

variabil i ty of the model prediction explained by each parameter. The 

values of U range from 0.0 t o  1.0, thus allowing a comparison between 

parameters. The adequacy of each index can be determined by comparison 

and by inspection of the R s t a t i s t i c .  2 

The classical sensi t ivi ty  index, S (Tomovic 1963) analytically 

examines the relationships between model predictions and model 

parameters. Thls approach 4s limited by the d i f f i c u l t y  of obtaining 

an analytical solution for  nany models and by i t s  assumption of small 

instantaneous changes (6ardner e t  a l .  1981). These d i f f icu l t ies  have 

resulted i n  the proliferation of numerical and s t a t i s t i c a l  approaches 

t o  uncertainty analysis (Hoffman and 6ardner 1983). 

If a single parameter is  randomly varied from a prespecified 

probability d i s t r i b u t i o n ,  then the slope of the regression of the model 

prediction on the parameter is  the least-squares estlmate of S i f  the  

parameter perturbations are  very small (Gardner e t  a l .  1981). If 

several parameters are simultaneously and independently varied, t h e n  a 

multiple regression on a1 1 the parameters simultaneously estimates a1 1 

the sensi t ivi t ies .  The adequacy of t h l s  method of estimating l inear  

relationships between model predictions and parameters can be evaluated 
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by Inspection of R2, the ratio of regression sum of squares to total 

sum of squares. 

adequate to describe the relationship between parameters and 
2 predictions. The divergency of R from 1.0 indicates that nonlinear 

effects and Interactions between parameters are Important. 

2 If R is nearly 1.0, then linear methods are 

Any analysis that relates the importance of an Input to a 

prediction without first removing the effects of the variability of 

other inputs (e.g., simple regression or correlations) is not very 

useful. Partial sum of squares (Draper and Smith 1966) determined 

by regression techniques are particularly useful because they 

quantitatively express relationships between each model input and 

output, with the effects of the variability of the remaining inputs 

stat i st i call y removed. 

The partial sum of squares (PSS) represents the unique effect of 

each input on each prediction after correction of the total sum of 

squares because of the variability in all the other input variables. 

The PSS has the property that (1) the estimated effect does not involve 

other model inputs, (2) the estimates are invariant to the ordering of 

the calculatfon; and (3) the sums of squares calculated in this way do 

not add up to the total regression sum of squares, unless the inputs 

are orthogonal to each other. 

If there are a large number of inputs, It Is natural to ask if 

these could be replaced by a smaller number of Inputs or some linear 

function of them, with a minimal loss of information in explaining the 

output. This problem was first investigated by Rao (1964) and temed 

principal components of instrumental variables. 
OQ(j248 
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'Principal components of instrumental variables reduce to multiple 

regression in the case where there is only one main variable to 

predict. The coefficients of the multiple regression equation, when 

the variables are standardized, can be looked upon as importance 

coefficients, indicating which input variables are most Important in 

influencing the output. Principal components are thus an extension of 

the multiple regression techniques when more than one output is 

examined simultaneously. The coefficients of the eigenvector indicate 

which input variables are most important, and the size of the eigenvalue 

determines how important that eigenvector is in explaining the variation 

we observe in the outputs. 

6.6 DISCUSSION 

The physiological process formulation of the growth equations in 

SWACOH provides the framework for extrapolation 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 Stress Syndrome permits 

investigation of the implications of sublethal chemical effects on 

population dynamics calculated in an ecosystem context. The role of 

competitive and predator-prey interactions In mitigating or amplifying 

chemical effects can be examined through EUA (O'Neill et al. 1982, 

1983). Statlstlcal analyses of simulations used to estimate risk can 

Identify the relative importance of direct vs indirect chemical effects 

as components of risk. Application of the methods to date encourage 

608%49 further evaluation and refinement of EUA. 
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Several areas for  improvement i n  EUA are  evident tram our 

results. 

aid i n  the refinement of risk estlrnatlon. An examination of the 

re lat ive contributions t o  risk identifies physiological processes 

t h a t  determine risk In specific applications. 

be refined if bioassay protocols were modified t o  measwe ef fec ts  on 

physiological processes. For example, modification of acute assays f?r 

Daphnia, fathead m i n n m ,  o r  b lueg i l l ;  i o  measure changes i n  oxygen 

consumption d u r i n g  the course of the assay would provide d i rec t  data t o  

test  the 6SS and estlnata correspsndins effects  parameters f o r  SWACOH. 

A more comprehensive collection of acute tox ic i ty  data could 

Risk estimates cculd 

The accuracy of risks estimated with EUA is a function of the 

applicabili ty of SWACOfl o r  atiier mdels t o  the systems of interest. 

SUACOH was des igva  t o  IbStnic t h e  behavior of a northern dimictic lake. 

As the particular system cf  i n t e re s t  departs i n  Its character is t ics  

from those of a lake, SYACOW becomes less appropriate fo r  risk 

estimatlon. In  the cas? o f  chloroparaffins (CPs), low estimates of 

risk might  underestimate t h e  potential  haza. - of these chemicals. 

The propensity of CPs to accumulate i n  sediments might  pose potential 

e f f ec t s  t o  benthic populations. SWACOH dces not. d i rec t ly  consider 

benthic populations or sediments. 

more si te-specific model t o  fur ther  refine estimate: of risk. 

though absolute mgnitudes of risk might  be i n  error when the  system of 

interest deviates substantially from a dimictic lake, SWACOH m i g h t  

Again, St!:.COM can be replaced w i t h  a 

Even 

s t i l l  be used t o  compare re la t ive  risks for  several d i f fe ren t  chemicals. 
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the analyses would be considerably irnproged if rare information were 

available on the field effects of toxicants. Future emphasis should 

focus on reducing the uncertainties associated with extrapolation so 

that attention can focr;s on the risks involved in ecosystem effects due 

directly to the toxicants. 

I 
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7.1 SPATIOTEMPORAL SCALE I N  THE INTEGRATION OF EXPOSURE AND EFFECTS 

Super f i c ia l l y ,  i n teg ra t i ng  exposure and e f fec ts  models appears t o  

be a simple matter o f  est imating an environmental concentration and then 

comparing 1 t w i t h  a tox ico log ica l  benchmark or a concentration-response 

curve. However, the r i s k  assessment may be meaningless I f  the 

spatiotemporal scale o f  the exposure assessment is improperly matched 

t o  the  scale o f  the ecolog ica l  e f fec ts  o f  i n t e r e s t  (and v ice  versa). 

Both short-term and long-term exposure assessments were used i n  

synfuels r i s k  assessments t o  address, respectively, acute e f fec ts  and 

:hronic e f fec ts  o f  contaminant releases. A stochastic surface water 

'ate model (Sect. 2) was used t o  estimate frequency d i s t r i b u t i o n s  of  

ORNL-625k 1121 
e 

7. GENERAL DISCUSSION 

L. W. Barnthouse and 6. W. Suter I1  

Combining exposure and e f fec ts  estimates and in te rp re t i ng  the 

resu l ts  requires considerable judgment on the p a r t  o f  the  analyst. 

Among the key issues are matching spatiotemporal scales o f  exposure 

and e f fec ts  models, i n te rp re t i ng  uncertaint ies, and I d e n t i f y i n g  

.signif icant. r isks. We cannot provide e x p l i c i t  procedures f o r  

addressing these issues because they 4 1 1  vary w i t h  each application. 

A discussion of how issues were addressed i n  the synfuels r i s k  

assessments should, however, provide some useful guidance. I n  addi t ion 

t o  discussing the app l ica t ion  of  our approsch I n  technology assessment, 

t h i s  section presents our views on (1) other po ten t ia l  appl icat ions t o  

regulatory  and resource management problems, and (2) c r i t i c a l  research 

needs f o r  t h e  fu tu re  development of ecological r i s k  assessment. 
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- 
contarninant concentrations as functions of  d a i l y  v a r i a b i l i t y  i n  * 

important hydrological parameters. To assess r i s k s  o f  acute m o r t a l i t y  

during high-concentration episodes, 9 6 4  LCs0s (both measured 

and extrapolated) were compared w i t h  95th percent1 l e  contarninant 

concentrations (i .e. , concentrations expected t o  be exceeded on 5% of 

days). To assess r i s k s  o f  chronic t o x i c i t y ,  WTCs and ecosystem r i s k  

functions were compared t o  seasonal average contaminant concentrations. 

I n  a s i te -spec i f i c  assessment, seasonal d i l u t i o n  volumes could be 

matched t o  chronic benchmarks f o r  t he  species and l i f e  stages present 

a t  the s i t e .  

Spat ia l  sca l ing was no t  a s i g n i f i c a n t  problem i n  t h e  synfuels r i s k  

assessments we performed. I n  the absence o f  de ta i led  in format ion on 

the spa t ia l  d i s t r i b u t i o n  o f  vulnerable resources, it was appropriate t o  

use s p a t i a l l y  homogeneous exposure and e f fec ts  models. I n  s i te -spec i f i c  

r i s k  assessments, however, spa t i a l  scales o f  both exposure estimates 

(deposit ion rates, surface concentrations) and e f f e c t s  'measures (number 

or f r a c t i o n  o f  organisms affected, reduction i n  system produc t iv i t y )  

must match the spa t ia l  reso lu t ion  o f  d i s t r i b u t i o n a l  data f o r  the 

exposed organisms. For reasons of scale, the  models used i n  the 

synfuels r i s k  assessment p ro jec t  may no t  be appropriate f o r  

s i te -spec i f i c  assessments. 

7.2 INTERPRETING UNCERTAINTY 

As noted i n  Section 1, a major ob ject ive o f  r i s k  assessment is t o  

i d e n t i f y  and quant i f y  the uncer ta in t ies involved i n  ext rapolat ing from 

experimental data on the environmental chemistry and tox ico logy o f  
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contdminants to expected fate and effects in the field. We could not 

quantify all of these uncertainties. 

always be a trade-off between uncertainties that are explicitly modeled 

and uncertainties that are consigned to expert judgment. At one 

extreme, it I s  possible to base assessments on slmple toxicity 

quotlents and safety factors without explicit treatment of uncertainty 

(Sect. 3). Although feasible, this approach provides no information 

about either the reliability of the assessment or the feasibility of 

improving it through research. 

developing an explicit model of all the physicochemical, physiological, 

and ecolog4cal processes that determine the fate and effects of a 

chemical and then assigning parameter distributions to each. We have 

argued elsewhere (Barnthouse et al. 1984, Suter et al. 1985, Barnthouse 

et al. in press) that current scientlfic understanding of natural 

populations and ecosystems i s  insufficient to support such an 

approach. 

identify the major classes of uncertainties involved in ecological r isk  

assessment and to develop methods of addressing them without exceeding 

the limits of feasibility or scientific credibility. 

In r i s k  assessment, there must 

At the other extreme, one can imagine 

In the synfuels risk assessment project, we attempted to 

We distlngulsh three qualitatively distinct sources of uncertainty 

in ecological risk assessment: inherent variability, parameter 

uncertainty, and model error. 

these three sources, because they di f f er wl th respect to (1 ) f easi bi 1 ity 

of quantification and (2) degree of possible reduction through research 

or envi ronmental monitoring. 

It i s  important to distinguish between 
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7..2.1 Inherent V a r i a b i l i t y  

L imi ts  on the prec is ion w i t h  which var iab le proper t ies of  t h e  

environment can be quant i f ied  l i m i t  the prec is ion w i th  which it i s  

poss ib le  t o  p red ic t  the ecological e f fects  of stress. The concentration 

o f  a contaminant i n  a i r  or water varies unpredictably I n  space and t i m e  

because of essent ia l l y  unpredictable va r ia t i on  i n  meteorological 

parameters such as p r e c i o i t a t l o n  and wind d i rect ion.  The spatiotemporal 

d i s t r i b u t i o n s  and s e n s i t i v i t i e s  t o  stress o f  organisms i n  nature are  

s i m i l a r l y  variable. 

charac ter is t i cs  o f  the  physical environment t h a t  in f luence the 

environmental f a t e  of  contaminants. For the synfuels r i s k  assessment 

p ro jec t ,  long-term hydrological records were used t o  estimate frequency 

This v a r i a b i l i t y  can be quant i f ied  f o r  nany 

d i s t r i bu t i ons  o f  Contaminant concentrations i n  r i ve rs  (Sect. 2) as 

funct ions of  da!?y v a r i a b i l i t y  I n  stream discharge, sediment load, 

and temperature. 

Variable b io log ica l  aspects of  the  environment a re  more d i f f i c u l t  

t o  quanti fy. 

v a r i a b i l i t y  o f  s e n s i t i v i t i e s  among ind iv idua ls  i n  na tura l  populations, 

L i t t l e  I s  t y p i c a l l y  known. f o r  example, about the 

and long-term records of var ia t ions  i n  the abundance and d i s t r i b u t i o n  

o f  organisms are unconmon. We d i d  not  quant i f y  b io log i ca l  v a r i a b i l i t y  

among ind i v idua l  organisms for t he  synfuels r i s k  assessment p ro jec t .  

7.2.2 Parameter Uncertainty 

Errors i n  parameter estimates introduce addi t ional  uncer ta in t ies 

i n t o  ecolog ica l  r i s k  estimates. Parameter values o f  i n t e r e s t  may have 

t o  be estimated from StrUCtUre-aCtlVity re la t ionships (e.g., Kenaga and 

(-JQ(j%58 
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Goring 1980, Veith e t  a l .  1984) or from taxonomic corre la t ions (e.g., 

Suter e t  a l .  1983,. Calabrese 1984). 

are subject t o  e r ro rs  (e.g., confidence l i m i t s  on LCsos and va r ia t i on  

between rep l i ca te  tests), although these are o f ten  unreported. Major 

Even d i r e c t  laboratory measurements 

e f fo r ts  I n  the synfuels r i s k  assessment p ro jec t  were devoted t o  

quant i fy ing uncer ta in t ies from t h i s  source. The methods described i n  

Sections 4 and 5, f o r  example, were s p e c i f i c a l l y  developed t o  quant i f y  

uncertainty due t o  (1) var ia t ions  In s e n s i t i v i t y  between taxonomic 

groups of  organisms and (2) the  var iab le  re la t ionsh ip  between acute and 

chronic t o x i c i t y .  The ecosystem uncer ta in ty  analysis described i n  

Section 6 was designed t o  t rans la te  uncer ta in t ies concerning e f fec ts  o f  

contaminants on ind iv idua l  species i n t o  uncer ta in t ies regarding 

u l t imate  ecological e f fects .  

Unl ike inherent var iab i  l i t y ,  uncer ta in t ies due t o  parameter e r r o r  

can be reduced by increasing the  prec is ion  o f  measurements or by 

replacing extrapolated parameter estimates w i th  d i r e c t  measurements. 

CorPparlsons o f  the r e l a t i v e  contr ibut ions of d i f f e ren t  uncer ta in t ies t o  

overa l l  r i s k  estimates provide guidance as t o  which parameters should 

be ref ined.  The analyses described i n  Sections 4 and 5 show, f o r  

example, t h a t  uncer ta in ty  accumulated I n  pred ic t ing  chronic e f fec ts  o f  

contaminants from acute LCsos i s  f a r  more Important than i s  

uncer ta in ty  resu l t i ng  from in terspecies ext rapolat ion of  acute LCs0s. 

7.2.3 Model Error 

Model er rors  cons t i tu te  the  l eas t  t rac tab le  source o f  uncer ta in ty  

i n  r i s k  assessment. Major types of model errors t h a t  have been 
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i d e n t i f i e d  include (1) using a small number o f  variables t o  represent a 

large number o f  complex phenomena (termed aggregation e r ro r )  , 

(2) choosing Incorrect  funct ional  forms f o r  in te rac t ions  among 

variables, and (3) se t t i ng  inappropriate boundaries f o r  the  components 

o f  the world t o  be included i n  the model. The most serious problem 

asboclated w i th  model e r r o r  i s  t h a t  these errors  f requent ly  involve 

systematic biases whose magnitudes and d i rec t ions  may be d i f f i c u l t  t o  

detennlne. One might na ive ly  th ink  t h a t  the so lu t ion  t o  model e r ro r  i s  

t o  disaggregate variables and increase the  boundaries o f  the  system 

u n t i l  er rors  are eliminated. However, as has been noted by O'Nei l l  

(1973). there i s  a trade-off between model e r r o r  and parameter e r ro r  

such that ,  the more variables and processes represented i n  a model, t he  

greater the cost o f  data aqu is i t i on  and the greater the Qpportunity f o r  

parameter er ror .  For any model , a po in t  i s  reached where adding 

addi t ional  variables and parameters reduces, ra ther  than increases, 

the accuracy of model predic t ions.  

Although model er rors  can never be completely eliminated, they can 

be bounded and reduced. The most s t ra ight forward method i s  t o  t e s t  t h e  

model against independent f i e l d  data. However, the  data necessary t o  

perform such tes ts  are d i f f i c u l t  t o  c o l l e c t  and, when col lected, are 

d i f f i c u l t  t o  in te rpre t .  No matter  haw we l l  a model performs f o r  one 

se t  o f  environmental conditions, it i s  never possible t o  p red ic t  w i th  

ce r ta in t y  i t s  a p p l i c a b i l i t y  t o  a new s e t  o f  condit lons. 

Empir ical tes t ing ,  although c ruc ia l  i n  the long run f o r  improving 

the  models used i n  r i s k  assessment (Hankin e t  a l .  1975, National.. 

Research Council 1981), I s  unsuitable as a rou t ine  method o f  assessing 
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'model errors. However, it Is still possible to evaluate model 

assumptions by comparing of different models (6ardner et al. 1980). 

By comparing models that use different sets of assumptions, It 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 project. Although this procedure does not ensure that model 

results will correspond to effects In the field, It can be used to 

distinguish between 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. 

1980). The strategy of comparing differept risk models was used to 

identify potentially hazardous contaminants in the environmental risk 

assessments for indirect (Bamthouse et al. 1985a) and direct (Suter et 

al. 1984) coal liquefaction (see Sect. 7.3). 

7.3 INTERPRETING ECOLOGICAL SIGNIFICANCE 

The question of how large an ecological Impact is significant has 

statistical, ecological, and societal components (Beanlands and 

Duinker 1983). 

statistical and societal components, respectively, by using 

probabilistic risk models and by defining end points In terms of 

societal 1 y valued envi ronmental attributes. No general 1 y appl 1 cab1 e 

definition of ecological significance has ever been formulated 

(Beanlands and Dulnker 1983); therefore, definitions must be developed 

In the synfuels risk assessment project, we considered 
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in the context of particular assessment objectives. We developed 

operational def initions of ecological signlf icance based on the 

primary sbjectlve of the project, that is, the identification of 

synf uels-related contaminant classes having the greatest potential f o r  

adverse ecological effects. Our strategy for assessing significance 

involved (1) defining, for each effects method used. a criterion below 

which risks would be considered insignlficant, (2) counting, for each 

contaminant class studied, the number of methods by which It was judged 

.significant'; and (3) explaining, where possible, the failures of the 

three methods to agree. 

For tho, quotient method (Sect. 3), the significance criterion used 

was an acute-effects quotient greater than 0.01, that is, a lowest 

observed LCso less than two orders of magnitude greater than the 

estimated environmental concenttation. This criterion has sometimes 

been used in hazard assessments for toxic chemicals. For analysis of 

extrapolation error, potential ecological effects of a contaminant were 

considered significant !f the risk that the environmental concentration 

may exceed the MATC of one or more reference fish species Is greater 

than 0.1. This value was cnosen to avoid (1) being overly 0 vservative 

and (2) reiying on risk estimates obtained from the tails of the 

probability distributions for MATCs, where the reliability of 

extrapolation Is most questionable. For ecosystem uncertainty analysis, 

contaminants were considered to pose significant risks if the risk of a 

25% reduction in game fish biomass is greater than 0.1. This value was 

selected on the basis that risks should be at least twice as high as 
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the background risk resultlng from environmental variability 

incorporated in SWACOH (about 0.04) before they are considered 

significant . 
Assessments of the aquatic end points in Indirect coal liquefaction 

(Barnthouse et al. 1985a) provide an illustration of our procedure 

(only toxicity quotients were used to assess terrestrial end points). 

For the fish end point, comparisons between risk estimates obtained 

from all three risk methods were possible. 

three methods (Table 7.1). nine contaminant categories were determined 

Using at least one of the 

to pose potential risks to fish populations. The nine were identified 

as the classes most appropriate for refined risk assessments and/or 

further research. Four contaminant classes, all trace elements o r  

conventional industrial pollutants (hydrogen sulfide and amnonia), 

were found significant by two or more methoas and identificj as the 

contaminants of greatest concern. 

For the phytoplankton end point, only nickel and cadmium were 

judged significant using toxicity quotients. However, using ecosystem 

uncertainty analysis, these elements, along with three other heavy 

metals, and a m n i a  were all judged significant This result required 

explanation in that, although all of the contaminants studied are 

potentially toxic to phytoplankton, the end point in ecosystem 

uncertainty analysis i s  defined as a fourfold increase in peak 

phytoplankton biomass. An inspection of the model output revealed that 

indirect effects of contaminants on fish and zooplankton, rather than 

direct effects on phytoplankton, were responsible for the results. 
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Table 7.1. Contaminant classes determined t o  pose potentially ' , 
significant risks t o  f i sh  populations by one or more o f  
three risk analysis methods:. quotient method (OM) , 
analysis of extrapolation error  (AEE) , and ecosystem 
uncertainty analysis (EUA). Separate l is ts  were developed 
f o r  treated aqueous waste streams from two indirect  coal 
1 iquef actfon processes. From Barnthouse e t  a1 . (1 985) 

Lurg i /F i  scber-Tropsch process Koppers-Totzek/Flscher-Tropsch process 

(ar id  ?r;es) - OH, AEE 

(alkaline gases) - OM, AEE, EUA 

(volat i le  carboxylic acids) - AEE 

(carboxylic acids, excluding 

(acid gases) - OH, AEE 

(alkaline gases) - OH, AEE, EUA 

(volat i le  carboxylic acids) - OH, AEE 

(cadmiurn) - OH, AEE, EUA 

volat i les)  - AEE 

(arsenic) - AEE 

(mercury) - AEE, EUA 

(nickel) - EUA -- 

(cadmium) - OH, AEE, EUA 
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We have not claimed to accurately predict the magnitudes of 

ecological risks associated with toxic chemicals, whether or not 

associated with synf uelr production. However, even without such 

predictions, applications of the concept of risk and, in some cases, 

the methods described in this' report can substantially improve current 

approaches to environmental decision-making. 

probabilities and frequencies of events and (2) explicitly quantifying 

uncertainty, risk assessment can provide a more rational basis for 

decisions that may otherwise be highly subjective. 

By (1) emphasizing 

For example, frequency distributions of ambient contaminant 

concentrations can be used to forecast water quality impacts or 

compliance with standards. For any given benchmark concentration 
. a  

I '  

(e.g., an ambient air or water quality criterion), the probability of 

exceeding the benchmark can be read ft;;;; the cumulative distribution 

function in Fig. 7.l(a). The presentation of such functions would 

enhance the quality of environmental impact as,iessments, which comnonly 

are based on worst-case analyses (e.g., 7-d, 10-year low flow) of 

questionable ecological significance. If the benchmark concentration 

is an action level above which contaminanx discharges are not 

permitted, then Fig. 7.l(a) could be used t o  estimate the frequency of 

days on which action would be required. Probabilistic environmental 

fate models that could be used for this purpose already exist (e.g., 

Parkhurst et al. 1981, Travis et al. 1983). 
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log CONCENTRATION 

ORNL-DWG 82-18386 

/- 
CONTAMINANT 

CONCENTRATION 

MAGNITUDE OF EFFECT 

Fig. 7.7. Four appl icat ions of ecological r i s k  functions. 
cumulative frequency funct ion i s  used t o  estimate the  
frequency wi th  which the environmental concentration of a 
contaminant w i l l  exceed an "action. concentration. 
cumulative p robab i l i t y  funct ion f o r  the e f fec ts  threhsold of a 
hypothetical organism i s  used t o  se lect  an ac t ion  
concentration w i th  a SI chance o f  exceeding the t r u e  e f fec ts  
threshold. 
components of a r i s k  estimate are  compared t o  i d e n t i f y  the 
component with the greater uncertainty. I n  (d), the  r i sks  o f  
adverse ef fects  of  d i f f e r e n t  magnitudes are compared f o r  two 
a l t e r n a t i v e  f a c i l i t y  designs. The expected e f fec ts  o f  the two 
a 1 te rna t  1 ves are the same , but  a1 te rna t  1 ve B presents greater  
r i s k s  o f  severe adverse ef fects .  

I n  (a), a 

I n  (b), a 

I n  (c ) ,  p robab i l i t y  density functions f o r  two 

I 
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Risk estimates could also be used t o  s e t  standards based on 

probabilities of exceeding effects thresholds. Section 4 of this 

report describes a method fo r  calculating probability distributions for 

acute LCsos and MATCs. 

plotted as a cumulative probability function. Using this curve, the 

allowable ambient concentration of a contaminant migh t  be set  so tha t  

the risk of exceeding the threshold level 1s 5%. Figure 7. l (b)  could 

also be used t o  define the decision points i n  t iered hazard assessment 

schemes. 

a chemical would be determined by the risk of exceeding an LCs0 or  

WTC, and by the reduction i n  uncertainty expected t o  result from 

acquisition of additional t e s t  data. 

Figure 7 . l (b)  presents such a distribution 

In this application, the decision t o  perform further t e s t s  on 

If the contributions t o  total  uncertainty of different components 

of a risk estimate can be compared, then research effor t  can be 

concentrated on the component( s )  contributing the greatest uncertainty. 

For example, i n  Fig.  7. l(c),  uncertainty about the environmental 

concentration of a contaminant i s  compared w i t h  uncertainty concerning 

i t s  effects  threshold. The relative variances of the two distributions 

correspond roughly t o  the variances estimated by Suter e t  a l .  (1983) for  

largemouth bass exposed t o  mercury released from a hypothetical indirect  

coal liquefaction plant. Barnthouse e t  a l .  (1985b) used comparisons 

between variances of MTCs and of environmental concentrations 

estimated fo r  23 synfuels-related contaminants t o  argue that.  i n  

general, uncertainty Concerning ef fec ts  thresholds for  contaminants 

is much larger than Uncertainty concerning environmental fa te .  

I 

427s 
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Decisions concerning a l te rna t i ve  p l a n t  s i t e s  and m i t i ga t i ng  
' 

technologies could be f a c i l i t a t e d  by using r i s k  curves l i k e  those shown 

i n  Fig. 7.l(d). Such curves provjde information about both the 

expected e f fec ts  o f  an ac t ion  ;e.g., bu i l d ing  a p lan t  o r  l icensing a 

chemical) and the  r i s k  o f  extremely large effects. Risk curves are  

comnonly used t o  assess safety-related r i s k s  (e.g., comparing 

automobile t r a v e l  t o  airplanes or earthquakes t o  nuclear power p l a n t  

accidents); we see no reason why they could no t  a lso  be used t o  assess 

ecological  ri sks . 
7.5 CRITICAL RESEARCH NEEDS 

Given the inmatur i ty of  t he  a r t  of  r i s k  assessment, it would be 

possible t o  l i s t  dozens o f  research top ics  t h a t  would enhance our 

capab i l i t i es .  

synfuels technologies. we have i d e n t i f i e d  fou r  def ic iencies t h a t  we 

t h i n k  a re  especial ly c r i t i c a l :  (1) i n s u f f i c i e n t  understanding o f  

chronic e f fec ts  o f  t ox i c  chemicals, (2) i n s u f f i c i e n t  data on e f fec ts  of 

contaminants on invertebrates, (3) poor standardization o f  t o x i c i t y  

t e s t  systems f o r  aquatic and t e r r e s t r i a l  plants, and (4)  I n s u f f i c i e n t  

v a l i d a t i o n  o f  ecological r i s k  models. 

Through the  app l ica t ion  o f  r i s k  assessment concepts t o  

Host exposures of organisms t o  t o x i c  contaminants a re  chronic 

ra the r  than acute. However. most research and t o x i c i t y  t e s t i n g  t o  date 

has been directed a t  acute exposures. We have shown i n  Sections 4 and 

5 o f  t h i s  repor t  that .  a t  l eas t  f o r  f i s h  and probably a l s o  f o r  aquatic 

invertebrates,  i t  i s  possible t o  extrapolate from acute e f fec ts  t o  
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r -  
M T C s  and even t o  population-level e f fec ts  of  chronic exposures. The 

uncer ta in t ies associated w i t h  t h i s  ext rapolat ion are very large, 

presumably because the re la t ionsh ip  between e f fec t i ve  concentrations 

for acute vs chronic e f fec ts  is h igh ly  variable. S ign i f i can t  

reductions i n  uncer ta in ty  could be obtained i f  more e f f o r t  were devoted 

t o  chronic t o x i c i t y  t e s t i n g  and t o  understanding the  phys io log ica l  

mechanisms responsible f o r  chronic t o x i c i t y .  

e f fec ts  o f  contaminants on f i s h  are we l l  studied, and our research 

(Sect. 4)  has shown t h a t  acute e f fec ts  of  Contaminants on one f i s h  

species can be extrapolated t o  other f i s h  species w i t h  a r e l a t i v e l y  low 

degree of uncer ta in ty  (1.e.. w i t h i n  an order of magnitude). 

I n  contrast, acute 

A redressing of the imbalance i n  t e s t i n g  e f f o r t  between f i s h  and 

invertebrates is needed. Modeling studies performed using SWACOH 

(Sect. 6) suggest t h a t  dif ferences i n  s e n s i t i v i t y  between and w i th in  

t roph ic  leve ls  i n  aquatic ecosystems can cause responses t h a t  are 

q u a l i t a t i v e l y  d i f f e r e n t  from those predicted on the  basis o f  a few 

standard species. Although invertebrates are both taxonomically and 

phys io log ica l l y  more diverse than f i sh ,  more aquatic t o x i c i t y  data i s  

vegetation. Suitab 

t h a t  is required i s  

p lants  , in te rpre tab  

avai lab le f o r  f i s h  than f o r  invertebrates. 

inver tebrate responses i s  r e s t r i c t e d  t o  a small se t  o f  standard 

organisms (e.9.. DaDhnia maqna). 

Moreover, most t es t i ng  o f  

Lack o f  comparabi l i ty o f  t e s t  systems l i m i t s  the  p o s s i b i l i t y  o f  

any meaningful r i s k  assessments for p lan ts  and espec ia l l y  t e r r e s t r i a l  

e t e s t  systems f o r  phytcpiankton are avai lable, a l l  

a standardization of end points. 

l i t y  is an even greater  problem than comparabil ity. 

For t e r r e s t r i a l  

Oi)0%63 
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Many systems are of  severely l i m i t e d  u t i l i t y  f o r  r i s k  assessment 

because of the near imposs ib i l i t y  o f  r e l a t i n g  the  t e s t  end points  

(e.g., reductions i n  roo t  elongation rates) t o  meaningful ecological 

. 

end points .  Readily in te rpre tab le  data are avai lab le on ly  f o r  major 

combustion products, such as ozone and SOx. 

Lack o f  va l i da t i on  o f  ecolog ica l  r i s k  models, especia l ly  ecosystem 

models, is perhaps the greatest  s ing le  limitation on the  f u t u r e  

development of  ecological r i s k  assessment. The Standard Water Column 

Model, a model o f  the  pelagic zone o f  a northern d im lc t i c  lake, was 

used t o  develop ecosystem uncer ta in ty  analysis (Sect. 6), n o t  because 

such lakes are re levant  t o  synfuels r i s k  assessment, but  because 

northern d im lc t i c  lakes are by f a r  the best understood aquatic 

ecosystems. The model i t s e l f  has n o t  been r igorous ly  val idated, but  

the  func t iona l  components.of the  model have been val idated through more 

than a century o f  l imnologica l  research. Because of the grea t  expense 

and d i f f i c u l t y  o f  s i te -spec i f i c  modeling e f fo r t s ,  it is l i k e l y  t h a t  

ecosystem-level r i s k  assessments w i l l  always’ be l im i ted  p r i m a r i l y  t o  

site-independent purposes, such as i d e n t i f y i n g  p a r t i c u l a r  contaminants 

o r  contaminant classes w i t h  the  po ten t i a l  f o r  causing i n d i r e c t  

ecolog ica l  e f fects .  Even f o r  t h i s  more l im i ted  purpose, v a l i d a t i o n  

studies are  needed. A t  a minimum, the  ex i s t l ng  case studies on 

ecolog ica l  e f fec ts  o f  t o x i c  chemicals should be synthesized t o  

determine how f requent ly  i n d i r e c t  e f f e c t s  have been observed and t o  

i d e n t i f y  the  ecological processes (e.9.. prey switching o r  reductions 

i n  primary production) responsible. 
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'Ecological r i s k  assessment methods i nev i tab l y  represent a 
t 

compromise between the  ideal  and the possible. Idea l l y ,  we would l i k e  

t o  quant i f y  e f fec ts  o f  t ox i c  contaminants on valued ecosystem components 

i n  any environment o f  In terest ,  based on an understanding o f  fundamental 

. 

chemical, physiological,  and ecolog ica l  processes. S t a t i s t i c a l  models 

and generic ecosystem models, such as those described i n  t h i s  report,  

would then be unnecessary. Unt i l  breakthroughs i n  fundamental 

Understanding are achieved, however, we be l ieve t h a t  the most 

appropriate strategy f o r  Improving our capab i l i t y  i n  ecological r i s k  

assessment I s  the s t ra tegy pursued i n  the  synfuels r i s k  assessment 

project, t h a t  i s ,  incremental extension of the  ex i s t i ng  s ta te  o f  the 

a r t  i n  ecotoxicology and ecology. 
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APPENDIX A 

Acute and Chronic E f fec ts  Data Used i n  Analysis 
of  Extrapolat ion Error 



APPENDIX B 

Concentration-Response Data Sets from 
Chronic Tox ic i ty  Experiments 
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08s CHEMICAL SPECIES P A R M  M E  NlESlEO 8fSPGNSL E665 Y lbnT  SWRCE 

1 ACEMPHTHENE 
2 ACEMPHlHENE 
3 ACEMPHTHEWE 
4 ACEMPHTHEWE 
5 ACEMPHTHENE 
6 ACCLUPHlHENE 
7 ACEMPHTHENE 
8 ACEMPHTHENE 
9 ACEMPHlHENE 

10 ACEMPHIHENE 
11 ACfMPHlHENC 
12 ACEMPHTHEP 
13 ACEMPHlHENE 
14 ACLMPHlHENE 
15 ACEMPHlHEWL 
16 ACEUPHTHENE 
17 ACfMPHlHENE 
18 ACEMPHTHENE 
19 ACROLEIN 
20 ACROLEIN 
21 ACROLEIN 
22 ACROLEIN 
23 ACROLLIN 
24 ACROLEIN 
25 ACROLEIN 
26 ACROLEIN 
27 ACROLEIN 
28 ACROLEIN 
29 ACROLEIN 
30 ACROLEIN 
31 ACROLEIN 
32 ACROLEIN 
33 ACROLEIN 
34 ACROLEIN 
35 AC222.705 
36 LC222.705 
37 AC222.705 
38 ACZ22.705 
39 AC222.705 
40 AC222.705 
41 AC222.705 
42 AC222.705 
43 AC222.705 
44 AC222.705 
45 AC222.705 
46 AC222.705 
47 AC222.705 
48 AC222.705 
49 AC222.705 
50 AC222.705 
51 ACZ22.705 
52 AC222.705 
53 AG 
54 AG 

FM 
F M  
FM 
FM 
FM 
FM 
F)l 
FM 
FM 
F M  
FM 
FM 
FM 
FM 
FM 
FN 
F M  
FM 
FM 
FM 
FM 
FM 
FM 
FN 
FM 
FM 
FN 
FM 
FM 
FN 
FM 
FN 
FM 
FM 
FN 
FM 
FM 
FM 
FM 
FM 
FM 
F M  
FM 
fM 
F M  
FM 
FM 
f M  
FM 
FM 
FM 
f M  
R l  
I1 

0.00 
197.00 

509.00 
682.00 

1153.00 
0.00 

197.00 

509.00 
682.00 

0.00 
69. 50 

139.50 
274.00 
531.50 

1025 -50 
0.00 
4.w 
6.40 

11.40 
I 1  -10 

4.w 
6.40 

11 -40 
20.80 
4 i  -70 

4.60 
6.40 

11.40 
41.70 
0.00 
0.02 
0.03 
0.07 
0.13 
0.29 

0.02 
0.03 
0.07 
0.13 
0.29 

0.02 
0.03 
0.07 
0.13 
0.29 
0.00 
0.10 

341.00 

345.00 

11~3.00 

0.00 

0.00 

0.00 

0.00 

30 
37 
33 
32 
33 
33 

500 
750 
600 
600 
250 
30 
30 
30 
30 
15 
30 

160 
160 
160 
160 
80 

100 
100 
100 
100 
100 
100 
60 
60 
60 
60 
60 
60 

123 
77 

6 
5 
4 
9 

18 
32 

44 
118 
76 

114 
48 
2 
4 
7 
2 
5 
2 

77 
76 
56 

1 08 
78 
9 
4 
4 
8 

100 
100 

5 
8 
9 

15 
59 
60 

23 
17 

CAIRNS AN0 NE8EKfR 1982 
CAIRNS AN0 NE8LKER lJ82 
CAIRNS AN0 NLBEKCR 1Y82 
CAIRNS AN0 NEBCKER 1982 
CAIRNS AN0 NEBEKER 1982 
CAlRNS M MEBEKER 1982 

0.02 CAIRNS AN0 NEBEKCR 1982 
0.02 CAIDNS AN0 NEBEKER 1 I 2  
0.02 CAIRNS AN0 NEBEKLR lY82 
0.02 CAI- AN0 NCBEKER 1Y82 
0.01 CAIRNS AN0 NL8LKLR 1Y82 
0.00 CAIRNS AN0 NL8LKER 1Y82 
0.20 LEMKL E 1  A 1  1983 
0.18 LLMKE E l  A 1  1983 
0.19 L E W  E l  A 1  1983 
0.15 LLMKE E l  AI. 1983 
0.13 LEMKL E l  A 1  1983 
0.08 LLMKE E l  A 1  1983 

M C E K  ET A 1  1976C 
M C E K  E l  A 1  1976C 
MCEK E l  A 1  1976C 
M C E K  E l  A 1  1976C 
MACEK E1 AL 1976C 
M C E K  E l  A 1  1976C 
M C E K  E l  A 1  1976C 
MCLK E l  A 1  1976C 
W L K  E l  A I  191bC 
IUCEK E l  AL 1976C 
M C E K  E l  A 1  1976C 
MCEK E l  A 1  19761: 
M C E K  E l  A 1  1976C 
MCLK E l  AL 1976C 
MACEK ET A 1  1976C 
M C E K  E l  A 1  1976C 
SPEW E l  AL 1983 
SPEW E l  A 1  1983 
SPEW E l  A 1  1983 
SPEWL E l  A 1  1983 
SPEW E l  A 1  1983 
SPEHAR E l  A 1  1983 
SPEW E l  A 1  1983 
SPEW E1 A 1  1983 
SPEW E l  A 1  1983 
SPCHAR E l  AL 1983 
SPCHAR E1 A 1  1983 
SPEW E l  A 1  1983 

0.13 SPEHAR El A 1  1983 
0.13 SPEHAR E l  A 1  1983 
0.13 SPCIUI E l  A 1  1983 
0.13 SPEHAR E l  A 1  1983 
0.11 SPCHAR El A 1  1983 
0.00 SPCHAR El AL 1983 

NEBEKER E 1  AL 1983 
NE8EKLP El A 1  1983 
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lrblc B.1 (Centlnucd) 

08s CHEMICAL SPECIES PAUAM OW NTESTEB RESPONSE f6GS YEIWl SOURCE 

55 A t  UT 
56 A6 R T  
51 AG UT 
58 A6 UT 
59 A6 UT 
60 A6 UT 
61 A6 UT 
62 A6 UT 
63 A6 UT 
64 AG UT 
65 A t  UT 
66 A6 UT 
61 AG UT 
68 AG R T  
69 AG UT 
70 AG 91 
11 AG UT 
72 AG UT 
73 A t  Ui 
14 AG UT 
?5 AG IHIOSULFATL CMPL FM 
16 AG 1HliXULFATE C R P L  FM 
1 )  A t  IHIOSULFATE COlPL FM 
78 A6 IHIOSULFAIE COlPL FM 
79 A6 THIOSULFATE CMPL FM 
80 A t  THIOSULFATE C M P L  Fk 
81 At IHlOSULFATt CRPL FM 
82 A t  THIOSULFATE iollPL FM 
83 A t  THlOSULFAlf CRPL FM 
84 AG THIOSULFATE CMPL FM 
85 A6 THIOSULFATE C W L  FM 
86 AG IHIOSULFATE CMPL FM 
81 AG THlOSULFAlt CmPL FM 
88 A6 THlOSULFATE CRPL FM 
89 AG THIOSULFATE CMPL FM 
90 A6 THIOSULFATE C R P L  FM 

92 AG IHIOSULFAIE C R P L  FM 
93 ALACHLOU FM 
94 ALACHLOA FM 
95 ALACHLOU FM 
96 ALACHL9U FM 
97 ALACHLOR FM 
98 ALACHLOU FM 
99 ALACHLOR F M  
100 ALACHLOR F M  
101 ALACHLOR FM 
102 ALACHLOR FM 
103 ALACHLOA FM 
104 ALACHLOU FM 
105 ALACHLOR FM 
106 ALACHLOR FM 
10) ALACHLOU FM 
108 ALACHLOR FM 

91 AG iniosuLfAu capi FM 

0.13 
0.29 
0.24 
0.36 
0.51 
0.70 
1 .I 
1 .32 
1.95 
0.00 
0.10 
0.13 
0.20 
0.24 
0 . S  
0.51 
0.10 
1 .w 
1.32 
1.95 
0.00 
10.00 
16.00 
35.00 
U.00 

110.00 
10.00 
16.00 
35.00 
b4.00 

140.00 
0.00 

10.00 
16.00 
35.00 
b4.00 
140.00 

0.00 
bo.00 
140.00 
m.00 
523.00 

0.00 
60.00 

110.00 
2bO.00 
520.00 
1100.00 

0.00 
u.OO 

Mo.00 
2u.00 

0.00 

iim.00 

62 
52 
46 
39 
36 
44 
61 
33 
38 

120 
120 
I20 
120 
120 
120 
80 
80 
80 
80 
80 
80 

200 
200 
200 
200 
200 
200 
60 
60 
60 
60 
60 
60 

1 1  
5 
5 

1 3  
14 
21 
39 
33 
36 

13 
1 
6 
10 
12 
102 

5 
5 
5 
10 
58 
80 

58 
60 
68 
51 
48 
53 
1 1  
1 
4 
4 
1 
10 

m m u  AL '983 
YEBEIER E l  AL 1983 
MEBEKLU ET A 1  1983 
YEE~KEU E1 A 1  1983 
YE8fKfR E l  A 1  1983 

YEBEKEU ET A 1  1983 
MEBEKEU El A 1  1983 
MEBEKLR ET AL 1983 

31.10 NLBEIEU E l  AL 1983 
29.50 PL8EKfU E l  AL 1983 

30.00 YE8CKLU E l  AL 1983 
29.80 YCBEKEU E l  A 1  1983 
28.60 YE8EKEU ET A 1  1983 
28.90 YEBEKLU ET AL 1983 
28.10 YE8EKLU ET A 1  1983 
24.10 IEBEKEU ET AL 1383 

Yt8LKfU ET AL 1983 
YLBLKEU ET AL 1983 
LEBLANC ET A 1  1984 
LEBLANC ET AL 1984 
LEBLANC ET AL 1984 
LE8UI(C ET LL 1984 
LEOUIIC El A 1  1981 
LEBLANC ET AL 1984 
LEBLANC ET AL 19b4 
LEBLANC ET AL 1984 
LEBLANC ET A 1  1981 
LEBLANC ET A 1  1984 
LEBLANC ET AL 1981 
LEBLANC ET A 1  1984 

0.10 Lf8LANC E l  A 1  1984 
0.12 LEBLANC €1 A 1  1984 
0.12 LLBLANC E l  A 1  1984 
0.08 Lf8LANC ET AL 1981 
0.04 LEBLANC ET A 1  1984 

LEBLANC ET AL 1984 
CALL E l  A 1  1983 
CALL El AL 1983 
CALL I T  AL 1983 
CALL ET AL 1983 
CALL E T  A 1  1983 
CALL E1 A 1  1983 
CALL E l  A 1  1983 
CALL L I  AL 1993 
CALL ET AL 1983 
CALL E1 AL 1983 
CALL ET A 1  1983 
CALL E7 AL 1983 

0.48 CALL E1 AL 1983 
0.43 CALL El AL 1983 
0.42 CALL El AL 1983 
0.40 CALL El AL 1983 

n u x w t  ET AL 1983 

29.40 ntaEI;tR ET AL 1983 
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Table 8.1 (Contlnucd) 

ms cnEMiuL SPECIES PARAM DOSE NIESIED RESPONSE E6GS y f l6nT  SOURCE 

7273 

109 ALACHLOR 
110 AUCHLOR 
111 ALDICARB 
112 ALDlCAR8 
113 AlDlCARB 
114 ALOICARB 
115 ALDICARB 
116 ALOICARB 
117 ALDICARB 
118 ALDlCAll8 
119 ALOlCAR8 
120 ALDlCAR8 
121 ALDlCAR8 
122 ALDICARB 
123 MDlCARB 
124 ALDICARB 
125 ALDlCAR8 
126 ALJICARB 
127 ALDICARB 
128 ALDICARB 
129 AROCLOR1242 
130 AROCLORIZIZ 
131 AROCLORl242 
132 AUOCLOR1242 
135 AROCL0111242 
134 AROCLOR1242 
135 AROCLORl1:2 
136 ARaCLORl242 
137 AROCLORl242 
138 AROCLOR1242 
139 AROCLII242 
140 AROCLORl248 
141 AROCLOR1248 
142 AROCLORl248 
143 AROCLORl248 
144 AROCLOAl248 
145 AROCLOR1248 
146 AROCLOR1248 
147 AROCLORl248 
148 AROCLORlZ48 
149 AROCLOR1248 
150 AROCLOR1248 
151 AROCLOY1248 
152 AROCLORl248 
153 AROCLORl248 
154 AROCLORl248 - 155 AROCLORl248 
156 AROCLOR1248 
157 AROCLORl254 
158 AROCLORl254 
159 AROCLOR1254 
160 AROCLORlZSI 
161 AROCLOR1254 
162 AROCLOR1254 

FM 
f M  
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
f M  
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
F F  
f F  
FF 
F F  
FF 
f F  
F F  
f F  
f F  
F F  
F F  
F.F 
FM 
FM 
FM 
FM 
FM 
FM 

520.00 
1100.00 

0.00 
20.00 
38.00 
18.00 
156.00 
340.00 

0.00 
20.00 
38.00 
18.00 
156.00 
340.00 
0.00 
20.00 
38.00 
78.00 
156.00 
340.00 
0.00 
2.90 
5.40 
15.00 
51 .00 
0.00 
0.8b 
2.90 
5.40 
15.00 
51 .00 
0.00 
0.10 
0.40 
1.10 
3.00 
0.00 
0.18 
0.54 
2.20 
5.10 
18.00 
0.00 
0.18 
0.54 
2.20 
5.10 
18.00 
0.00 
0.23 
0.52 
1 .BO 
4.bO 
15.00 

100 
100 
100 
100 
100 
100 
80 
60 
80 
80 
80 
80 

20 
20 
20 
20 
20 
20 

20 
20 
20 
20 
20 
20 

5 
3 
4 
4 
3 
3 
1 
9 
8 
1 

41 
b4 

442 
283 
152 

0 
0 

0 
2 
0 
3 
13 
20 

0 
2 
0 
3 
13 
20 

2 54 
222 
557 
107 

0 
0 

0.42 CALL El A 1  1983 
0.32 CALL E l  AL 1983 

PICKERIN6 AND 61LIM 1982 
PlCKfRlNG AN0 61LIM 1982 
PICKERING AND 6lLlM 1982 
PICKLRING AND 61LlAM 1982 
PlCKERlNb AND 6lLlM 1982 
PICKERIN6 AND 6lLlAM 1982 
PlCKERING AND 61LlM 1982 
PlCKERlNG AND 6lLlM 1982 
PICKERIN6 AND 6ILIAH 1982 
PlCKLRlnG AIIO 61LlM 1982 
PICKERIN6 AND 6 l L l M  1982 
PlCKLRlN6 AND 61LIM 1982 

0.15 PlCKLRlNG AND 61LlM 1982 
0.14 PlCKER1NG AND 6lLIAM 1982 
0.14 PlCKfRlNQ A N D  61LlAM 1982 
0.14 PlCKCRlN6 AND 61LIM 1982 
0.12 PICKERIN6 AND 61LlM 1982 
0.08 PICKERIN6 A N D  61LIM l9dZ 

WE8EKfR El AL 1Y74 
NEBCKER ET A 1  1974 
NEBCKCR E l  A 1  1914 
I f 8 C K E R  ET AL 1914 
NEIEKER E l  A 1  1974 
Nf8EKER E l  AL 1974 
NCBEKER E T  A 1  1914 
NEBEKER E l  AL 1974 
Nf8LKLR E l  AL 1974 
NEBEKER E; A 1  1974 
NE8CKtR E l  A 1  1974 

0.15 DLFOE E l  A 1  1978 
0.14 OEFOE E l  A 1  1978 
0.12 DLFOC E l  AL 1978 
0.11 OEFOE E l  A 1  1918 
0.10 OEFOE E T  A 1  1918 

NEBEKER El AL 1974 
Nf8EKLR El A 1  1971 
Nf8EKER El A 1  1974 
NfBtKfR El A 1  1914 
NEBLKER E1 A 1  1974 
NCBEKCR El A 1  1974 

4.33 NE8EKfR El A 1  1914 
3.90 NLBEKCR El AL 1914 
4.47 NE8fKfR E l  A 1  1974 
3.02 Nf8LKLR t l  A 1  1974 
0.60 Nf8EKtR El A 1  1974 

NE8EKER E l  A 1  1974 
NCBLKLR E1 A 1  1914 
NL8fKfR E l  A 1  1974 
NEBEKLR El A 1  1974 
NfBEKER El A 1  1974 
NE8fKfR El A 1  1974 
NZBZKtR fl 4L 1974 



ORNL-6251 176 

Table 8.1 (Contlnued) 

08s CnEMlcAL SPECIES PARAM OOSL NTESTEO RESPONSE E G I S  YL16Hl SOURCE 

1b3 AROCLORI254 
1 0  AROCLORl254 
1 0  AROtLOR1254 
1bb AROtLOR1254 
lbl As 
1b8 AS 
1b9 As 
110 As 
111 As 
112 As 
113 AS 
114 AS 
115 AS 
116 AS 
111 AS 
118 AS 
119 AS 
180 As 
181 AS 
182 As 
183 As 
184 AS 
185 AS 
18b AS 
181 AS 
188 AS 
189 AS 
190 AS 
191 AS 
192 AS 
193 AS 
194 AS 
195 AS 
19b AS 
19, ATRAZINE 
198 2TRAZINE 
199 AIEIZINE 
200 AlRALlME 
201 ATRAZINE 
202 A T R A Z I M E  
203 A I R A L I N E ~  
204 AlRAZlNE 
205 AlRAZlNE 
236 AlRAZlNE 
231 ATRAZINE 
208 AIRAZINL 
209 AlRAZINE 
210 A I R I Z I H E  
211 AIRAZINE 
212 AIRAZINE 
213 AIRAZ1NE 
214 AlRAZlNE 
215 ATRAZINE 
216 ATRAZINC 

FM 
FM 
FW 
FM 
F F  
F F  
F F  
F F  
F F  
F F  
F F  
F F  
F f  
F F  
F F  
FF 
FM 
FM 
FM 
FM 
FM 
FW 
FM 
FM 
FM 
FM 
FM 
FM 
FW 
FM 
FM 
FM 
FM 
FM 
86 
86 
86 
86 
86 
EG 
86 
86 
86 
86 
BG 
86 
86 
86 
86 
86 
86 
06 
86 

n m n  

wicn 
w c n  

nr1cn 

rnT2 
M P T Z  
MORT2 
m 1 2  
m 1 2  
MORT2 
UflWT 
UfIWT 
UfIWT 
MIWT 
U f l W l  
YE IWT 

HATCn 
HATCH 
HATCH 
wren 
HAICH 
)u1912 
MOR12 
NOR12 
NOR12 
NOR12 
MORT2 
YE 1WT 
YE 16nT 
YE IWT 
YE JWT 

* YElbnT 
E665 
E665 
E G 6 5  
E 6 6 5  
E 6 6 5  
E6Gs 

nArcn 

wicn 

. YE16nT 

HATCH 
n m n  

nATcn 
HAICH 

MOR11 
MORl 1 
MOR11 
MOR11 
MORl 1 

MOR12 
mi 1 

86 MOR12 

0.00 
0.23 
0.52 
1.80 
0.00 

1240.00 
21 30.00 
4120.00 
1510.00 
lb300.00 

0.00 
1240.00 
2130.00 
4120.00 
1510.00 

1 b300.00 
0.00 

1 ObO. 00 
21 10.00 
4300.00 
1310.00 
1b500.00 

0.00 
1ObO.00 
2130.00 
4300.00 
1310.00 

lb5bO.OO 
0.00 

1060.00 
2130.00 
4300.00 
7310.00 
1b500.00 

0.uo 
8.00 
14.00 
25.00 
49.00 
95.00 
0.00 
8.00 
14.00 
25.00 
49.00 
95.00 
0.00 
8.00 
14.00 
25.00 
49.00 
95.00 
0.00 
8.00 

400 
212 
120 
350 

40 
40 
40 
40 
40 

40 

200 
200 
200 
200 
200 
200 
40 
40 
40 
40 
40 
40 

1400 
(00 
2400 
1200 
(00 
800 
20 
20 
20 
20 
20 
20 
100 

103 
122 
2 0  
11b 
9 
b 
8 
2 
1 
10 

34 
21 
40 
25 
40 
44 

2 
12 
4 
9 
1 
31 

8135 
15254 
1160 
5153 
1331 
7blb 

224 
204.  
45b 
15b 
bo 
12 
1 
3 
0 
1 
1 
3 
18 

100 51 

NEEEKER ET A 1  1914 
NEBLKLR ET AL 1914 
NEELKER ET AL 1914 
NE8EKER E l  AL 1914 
CALL ET A 1  19838 
CALL ET AL 19838 
CALL ET AL 19838 
CALL ET AL 19838 
CALL ET AL 19838 
CALL ET AL 19838 

0.01 CALL ET AL 19838 
0.05 CALL ET AL 19818 
0.05 CALL ET AL 13838 
0.04 CALL ET AL 19838 
0.03 CALL ET AL 19838 
0.03 CALL ET AI. 19838 

CALL ET AL 19838 
CALL ET AL 19838 
CALL CT AL 19838 
CALL ET AL 19838 
CALL ET AL 19838 
CALL ET AL 19838 
CALL ET A 1  19838 
CALL ET AL 19838 
CALL ET AL 19838 
CALL ET A 1  19838 
CALL E? AL 19838 
CALL ET AL 19838 

0.0b CALL ET AL 19838 
0.Ob CALL ET AL 19838 
0.05 LILL ET AL 19838 
0.04 CALL ET AL 19838 
0.03 CALL ET AL 19838 
0.01 CALL ET AL 19838 

MCLK ET AL 191M 
MCLK ET AL 19lbA 
MACEK ET AL 19lbA 
MCEK ET AL 19lbA 
MCEK ET A 1  191bA 
MCLK E T  AL 191bA 
WACUCCK ET AL 191bA 
WUtLK E T  AL 191bA 
W L K  ET AL 191bA 
W L K  E7 AL 191bA 
MCEK ET A 1  19lbA 
WutCK E 1  AL 191bA 
WCEK ET A 1  191M 
MCEK ET A 1  191bA 
W E K  El AL 191bA 
W E K  E T  AL 19X.A 
W E K  E l  AL 191M 
W E K  El AL 19lbA 
MCEK El AL 19lbA 
W L K  E1 A 1  191bA 
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08s CHEllCAL SPECIES ) A R M  DOSE NTESILO RESPONSE E66S YtlWT SOURCE 

211 ATRAZINE 

219 ATRAZINE 
220 ATRAZINE 
221 ATRAZINE 
222 ATRAZINE 
223 ATRAZINE 
224 AIRAZINL 
225 ATRAZINE 
22b ATRAZINE 
221 ATRAZINE 
228 ATRAZINE 
229 ATRAZINE 
230 ATRAZINE 
231 ATRAZINE 
232 ATRAZINE 
233 ATRAZINE 
234 ATRAZINE 
235 ATRAZINE 
23b ATRAZINE 
237 ATRAZINE 
238 ATRAZINE 
239 ATRAZINE 
240 ATRAZINE 
241 ATRAZINE 
242 ATRAZINE 
243 ATRAZINE 
244 ATRAZINE 
245 ATRAZINE 
241 ATRAZINE 
241 ATRAI INE 
248 ATRAZINE 
249 ATRAZINE 
250 ATRAZINE 
251 AlRAZINE 
252 ATRAZINE 
253 ATRAZINE 
254 ATRAZINE 
255 BROlUClL 
256 B R ( U C I L  
251 8 R ( U C I L  
258 8RWC.ClL 
259 8 R W C I L  
260 B R W A C l L  
Z i l  SPCn4CIL 

6 1  BROllACIL 
2b3 BRO)(ACIL 
2M BROlUCIL 
2b5 8Ro)uCIL 
2bb BROMACIL 
2b7 8ROMACIL 
268 B R W C I L  
2b9 BROlUCIL 
210 BROMACIL 

218 ATRAZINE 
86 
&i 
86 
86 
81 
81 
81 
81 
E l  
ET 
E l  
ET 
81 
81 
ET 
81 
81 
ET 
81 
81 
ET 
ET 
F I  
F I  
FN 
FI 
F I  
F I  
FN 
FN 
FI 
F I  
F I  
F I  
F I  
FI 
F I  
FI 
F I  
F I  
F I  
FI 
F I  
F I  
F I  
FI 
FI 
F I  
FI 
F I  
FI 
FI 
FM 
FI 

n o u n  
mnrz 
muiz 
mniz 
E665 
E6hS 
Em 
L665 
E665 
E665 
HATCH 
HATCH 
HATCH 
HATCH 
HATCH 
HATCH 

r n T 2  
mRT2 
r n 1 2  

noRl2 
HATCH 
HATCH 
HATCH 
HATCH 
HATCH 

rnll 

1101111 

mu11 

)IoILT2 

r n T Z  
mRT2 
HATCH 
HATCH 
HATCH 
HATCH 
HATCH 
HAICH 
mu12 
MOR12 
MIL12 
10111 2 
1101112 

m m  

noun 

mni 1 

n o m  

notti 1 

muiz 
n o m  

mnn 
~ 1 6 t t r  
MIWl 
MIGHT 
MlGHl 

14.00 
25.00 
49.00 
95.00 
0.00 

(5.00 
120.00 
240.00 
450.00 
120.00 

0.00 
(5.00 

120.00 
240.00 
450.00 
120.00 

0.00 
65.00 

120.00 
240.00 
450.00 
120.00 

0.00 
15.00 
54 .oo 

112.00 
213.00 

0.00 
15.00 
33.00 
u.OO 

112.00 
213.00 

0.00 
15.00 
54 .OO 

112.00 
213.00 

0.00 
1OOO.00 
1900.00 
4400.00 

12000.00 
29oO0.00 

0.00 
1oO0.00 
1900.00 
4400.00 

12ooo.00 
29o00.00 

0.00 
1oO0.00 
1900.00 
4400.00 

200 
100 
50 
50 

100 
100 
100 
100 
50 

100 
100 
100 
100 
100 
100 
100 

3800 
1 b50 
1550 
2450 
1600 

30 
30 
30 
30 
30 
30 

200 
240 
lbo 
240 
lbo 
200 
200 
200 
100 
200 
200 
M 
bo 
bo 
bo 
M 
bo 

130 
58 
40 
41 

321 
roo 
389 
431 
1 U  
259 

49 
70 
30 
54 
2b 
b1 
49 
58 
bo 
e0 
12 
90 

MZ 
308 
254 
510 
3 b9 

2 
5 
5 
b 
1 
b 

55 
110 
72 
71 
43 
l b  
72 
92 

-93 
90 
12 

1 
3 
1 
1 
5 

- 1  

M C E K  ET AL 1 
U C E K  ET AL 1 
U C E K  ET AL 1 
M C E K  E l  AL 1 
M C E K  ET AL 1 
M C E K  ET AL 1 
IUCEK ET A 1  1 
IACEK ET A 1  1 
M C E K  E l  AL 1 
M C E K  ET AL 1 
M C f K  ET AL 1 
M C E K  E l  AL 1 
M C E K  ET AL 1 
M C E K  ET A 1  1 
M C E K  ET AL 1 
M C f K  ET AL 1 
M C E K  ET AL 1 
M C E K  ET AL 1 
M C E K  ET AL 1 
M C E K  LT AL 1 
M C E K  ET AL 1 
M C E K  ET AL 1 
M C E K  ET AL 1 
M C E ' .  ET AL 1 
M C E K  ET AL 1 
M C E K  ET AL 1 
M C E K  ET A 1  1 
M C E K  ET AL 1 
M C E K  ET AL 1 
M C E K  ET AL 1 
M C E K  ET A 1  1 
M C f K  ET AL 1 
M C E K  ET A i  1 
MACEK ET AL 1 
M C E K  LT AL 1 
M C E K  ET AL 1 
M C E K  ET AL 1 
M C L K  LT AL 1 
CALL ET AL 19 
CALL ET AL 19 
CALL E T  AL 19 
CALL ET AL 19 
CALL ET AL 19 
CALL ET A 1  19 
CALL E l  AL 19 
CALL ET AL 19 
CALL ET AL 19 
CALL E l  AL 19 
CALL ET A 1  19 
CALL ET AL 19 

0.41 CALL ET A 1  19 
0.41 CALL E l  AL 19 
0.42 CALL ET A 1  19 
0.38 CALL fT AL 19 

I9 
I9 
I9 
I9 
I9 
I9 
I9 
I! 
I9 
I9 
I9 
19 
19 
I9 
I9 
# 9  
I9 
19 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 

IlbA 
IlbA 
IlbA 
11ba 
IlbA 
IlbA 
ITbA 
IlbA 
IlbA 
11ba 
IlbA 
IlbA 
llbA 
IlbA 
IlbA 
ITbA 
1TbA 
11b1 
IlbA 
IlbA 
IlbA 
IlbA 
11ba 
IlbA 
NlbA 
1bA 
IlbA 
17bA 
1bA 
1bA 
1bA 
7bA 
1bA 
1bA 
1bA 
1bA 
1bA 
1bA 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 .  
3 
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TaDlc 8.1 (Continued) 7273 
~~ ~~ ~ 

08s CHEMICAL SPECIES PAPAW D o y  NTCSTEO RLSPaNSE EG6s y E 1 w  SOURCE 

271 8RWCIL 
272 8RouClL 
213 CAPTAN 
274 CAPTAN 
275 CAPTAN 
276 CAPTAN 
217 CAPTAN 
278 CAPlAN 
279 CAPTAN 
280 CAPlAN 
281 CAPUl 
282 CIPlW 
283 C&PlAN 
294 CAPlAN 
285 CAPTAN 
286 CAPTU 
287 CAPTAN 
288 CAPTAN 
289 CAPTAN 
290 CAPTAN 
291 CAPTAN 
292 CAPTAN 
293 CAPTAN 
294 CAPTAN 
295 CAPTAN 
296 CAPTAN 
297 CARBARYL 
298 CARWYL 
299 CARBIRYL 
300 CARBARYL 
301 CARBARYL 
302 CARBARYL 
303 :ARB*OYL 
304 CARBARYL 
305 CARWYL 
30b CARWYL 
307 CARBARYL 
lo8 CARBmYL 
309 CARBARYL 
310 CARBARYL 
311 CARBARYL 
312 CARBARYL 
313 CARBARVL 
314 CARBARYL 
315 CARBARYL 
316 CAI)BARYL 
317 CARBARYL 
318 CARBARYL 
319 CARBARYL 
320 CARBARYL 
321 CO 
322 CO 
323 CD 
324 CD 

FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
fM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FN 
F!4 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FH 
FM 
FM 
81 
81 
81 
81 

12Ooo.a 
29Ooo.a 

0.w 
3.10 
7.40 

39.50 
63.50 
0.M 
3.30 
7 .a 

39.Y) 
63.50 
0.00 
3.30 
7 .a 

l 6 . g  
39.50 
63.50 

3.30 
7 . 0  

39.56 
6 3 . S  

8.00 

62.00 
210.00 
680.00 

0.00 
8.00 

17.W 
62.00 

680.00 
0.00 
8.oD 

17.00 
62.00 

680. CO 
0.00 
8.00 

17.00 
62.00 

210.00 
680.00 

0.m 
0.50 
0.90 
1.70 

16.0 

i 6 . a  

0.00 

i 6 . m  

0.00 

17.00 

210.00 

2 io .m 

1900 
1350 
1150 
800 
150 
400 
30 
30 
30 
30 
30 
30 

320 
s o  
320 
320 
240 
320 

1360 

1360 
920 

1920 
320 
100 
100 
100 
100 
100 
100 
20 
20 
20 
20 
20 
20 

i i za  

1853 
1024 
795 
422 
40 

531 
347 
173 
95 
26 

125 
1 
1 
0 
1 
7 

30 
93 

128 
143 
118 
164 
320 

683 
1070 
624 
265 
723 
11 

484 
553 
539 
348 

1268 
320 

8 
54 
18 
34 
13 
60 
6 
7 
4 
4 
7 

10 
502 
244 
454 
260 

0.37 CALL ET AL 1983 
0.33 CALL ET AL 1983 

HERMANUT2 ET AL 1973 
HERMANUT2 ET A 1  1973 
H E W U T Z  ET A 1  1Y73 
HfRMAMUTZ ET A 1  1973 
H L W U T Z  ET AL 1Y73 
H E W U T Z  ET A 1  1Y73 
HERMANUT2 ET A 1  lY73 
H E W U l Z  ET AL 1Y73 
H E W U T Z  E l  AL 1¶73 
HERMANUT2 ET A 1  1Y73 
H E W U T Z  ET AL 1Y73 
HERMANUT2 ET A 1  1173 
HERMANUTI ET A 1  1973 
HLRMANUTZ ET AL 1973 
HERMANUT2 ET A 1  1Y73 
NfrUUNUTZ ET A 1  1973 
H E W U T Z  ET A 1  1Y73 
HLlllUWUTZ ET AL 1Y73 
HERMANUT2 ET AL 1Y73 
I I L W U T Z  ET A 1  1Y73 
N L W U T Z  ET AL 1Y73 
HERMANUT2 ET AL 1Y73 
H E W U T Z  ET AL 1YT3 
HER)u)(UTZ ET A 1  1973 
CARLSON 1971 
CARLSON 1971 
CARLSOY 1971 
CARLSON 1971 
CARLSON 1971 
CARLSON 1971 
CARLSOU 1971 
CAtlLSOW 1971 
CARLSON 1971 
CARLSON 1971 . 
CARLSON 1971 
CARLSON 1971 
CARLSON 1971 
CARLSON 1971 
CARLSOW 1971 
CARLSON 1971 
CARLSON 1971 
CARLSON 1971 
CARLSON 1971 
CARLSON 1971 
CARLSON 1971 
CARLSON 1971 
CARLSON 1971 
CARLSON 1971 
8tWOIl ET AL 197b 
BENOIT ET A 1  197b 
8EdOlT E l  AL 1976 
8EMOll E l  AL 1976 
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08s CHEMICAL SPECIES PArUn DOSE NTESTEO RESPONSE ECGS yL16HT SOURCE 

325 LO 
326 CD 
327 CD 
328 CO 
329 CD 
330 co 
331 EO 
332 CD 
333 CD 
334 CD 
335 CO 
336 LO 
331 CO 
338 CO 
339 CD 
340 CD 
341 co 
342 CD 
343 co 
344 CO 
345 LO 
346 EO 
347 CD 
348 co 
349 co 
350 CO 
351 CD 
352 CO 
353 CD 
354 co 
355 co 
356 CD 
357 co 
358 CO 
359 CD 
360 CD 
361 CO 
362 CO 
363 CO 
364 CD 
365 CD 
366 CO 
367 CO 
3b8 CO 
369 CD 
310 CO 
371 CD 
372 CO 
373 CD 
374 CO 
375 CD 
376 CO 
377 co 
318 CO 

81 
81 
ET 
81 
81 
81 
81 
81 
81 
81 
81 
81 
FF 
FF 
FF 
FF 
FF 
FF 
FF 
FF 
FF 
FF 
FF 
FF 
FF 
FF 
FF 
FF 
FF 
FF 
FF 
FF 
FF 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
FM 
FR 

3.40 
3.06 
0.50 
0.85 
1.65 
3.40 
6.35 
0.06 
0.50 
0.90 
1.70 
3.40 
0.00 
1 .eo 
3.70 
7.50 

15.00 
0.00 
1 A0 
3.70 
7.50 

15.00 
30.00 
0.00 
1 .a0 
3.70 
7 -50 

15.00 
0.00 
1 .eo 
3.10 
7.JO 

15.00 
2.30 

31.00 
80.00 

239.00 
2140.00 

2.30 
31 .00 
8O.C 3 

239.00 
757.00 

2140.00 
2.30 

31 .00 
80.00 

239.00 
2.30 

31 .OO 
80.00 

239.00 
1 .OO 
7.80 

5 
10 
10 
10 
10 
10 

14 
14 
14 
14 
8 
1 

40 
40 
40 
40 
11 

300 
100 
550 
150 
100 
18 
18 
18 
18 
18 
18 

100 
100 
100 
100 

98 
0 
0 
0 
0 
5 

10 

1086 
912 
890 
63b 
23 

1 
2 
6 
0 
6 
1 
7 
3 
3 
4 
2 

19 
7 

41 
54 
20 
0 
0 
9 

16 
18 
18 
22 
40 
90 

100 

1468 
1104 

8ENOIT ET A 1  1976 
8ENOlT ET A 1  1976 
BENOIT ET A 1  1976 
8ENOll  ET A 1  1976 

BEN011 ET A 1  19lb 
BENOIT ET A 1  197G 

3.63 BENOIT ET A 1  1976 
3.32 8ENOll ET A 1  1916 
3.42 BENOIT €7 A 1  1976 
3.81 BENOIT ET A 1  1976 
1.80 BENOIT ET A 1  1976 

wnon ET AL 1916 

CARLSON ET A 1  1982 
CARLSON ET AL 1982 
CARLSOW ET A 1  1982 
CARLSW ET A 1  1982 
CARLSW ET A 1  1982 
CARLSON ET A 1  1982 
CARLSON ET A 1  1982 
CARLSON ET A 1  1982 
CARLSON ET AL 1982 
CARLSON ET A 1  1982 
CARLSOM ET A 1  1982 
CARLSW ET A 1  1982 
CARLSON ET AL 1982 

' CARLSON ET A 1  1982 
CARLSOH ET A 1  1982 
CARLSON ET A 1  1982 

17.40 CARLSON f T  A 1  1982 
75.30 CARLSW E T  A 1  1982 
22.70 CARLSMl ET A 1  1982 
30.50 CARLSCN ET A 1  1982 
17.50 CARLSOH ET A 1  1982 

EATON 1974 
EATON 1974 
EATON 1974 
U T O N  1974 
EATON 1974 
€)TON 1974 
EATON 1974 
EATON 1974 
EATON 1974 
EATON 1974 
EATON 1974 
EATON 1974 
EATON 1914 
EATOH 1974 
EATOH 1974 

0.40 EATON 1974 
0.54 EAlON 1974 
0.01 EATON 1974 
0.00 EATOH 1974 

PICKERING AN0 GAS1 1972 
PICKERING AN3 GAS1 1972 



. .. 

ORNL-6251 180 

Table 8.1 (Continued) 
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08s CHL)IICAL SPECIES PARAM DOSE NTLSTED RLSPOWSE E665 MIWT SOURCL 

379 CO 
380 CO 
381 CD 
302 CD 
383 CD 
384 co 
38b CD 
387 t o  
388 CD 
389 CO 
390 CD 
391 CD 
392 CO 
393 co 
394 CD 
395 CD 
39b CD 
397 co 
398 CD 
399 CD 
400 CD 
401 CO 
402 CD 
403 CO 
404 CD 
405 CD 
406 CD 
407 CO 
408 CO 
409 CD 
410 CO 
411 CO 
412 CD 
413 CO 
414 CD 
415 CD 
41b CD 
417 :D 
418 CD 
419 CD 
420 CO 
421 CD 
42? CO 
423 CD 
424 CD 
425 CD 
426 CD 
427 CD 
428 CO 
429 CO 

. 430 CD 
431 CHLWINC 

l a 5  t o  

432 CniOPulinE 

f l  
Fl 
F l  
F l  
Fl 
Fl 
Fl 
F l  
FM 
Fl 
Fl 
F l  
Fl 
F l  
f l  
Fl 
f l  
Fl 
f l  
Fl 
f l  
81 
I T  
81 
07 
81 
01 
I T  
01 
81 
I T  
81 
87 
I T  
I T  
FF 
fF 
FF 
FF 
FF 
FF 
F F  
FF 
F F  
FF 
FF 
F F  
FF 
FF 
FF 
FF 
FF 
FI 
FI 

14.00 
27.00 
57.00 

110.00 
1 .00 
7.80 

14.00 
27.00 
57.00 
1 .oc 
7.80 

14.00 
27.00 
57 .OO 

110.00 
1.20 
6.80 

15.00 
29.00 
57.00 

110.00 
0.00 
1.00 
3.00 
6.00 

10.00 
24.00 
47.00 
0.00 
1 .00 
3.00 
6.00 

10.00 
24.00 
47.00 
0.11 
0.17 
4.10 
0.10 

1b .M 
31.00 
0.11 
1.70 
4.10 
0.10 

16.00 
0.11 
1.70 
4.10 
8.10 

16.00 
31 .OO 
0.00 
b.60 

100 
100 
100 
100 
100 
80 
00 
80 
80 
80 
80 
50 
50 
50 
so 
so 
50 

400 
400 
400 
400 
400 
400 
400 

40 
40 
40 
40 
40  
bo 
60 
60 
bo 
bo 
60 
10 
10 

4606 
1448 
962 
403 

5 
4 
5 
b 

22 
24 
25 
33 
30 
30 
66 
17 
17 
2 

25 
16 
42 
0 

105 
82 

243 
320 
352 
392 

665 
766 
660 
283 

50 
0 

14 
14 
11 
14 
13 
2 
1 
b 
8 

14 
36 

3 
1 

PlCKLRlI6 AN0 W T  1972 
PICKERIN6 AND 6A!iT 1972 
PICKERIN6 AN0 WT 1972 
PICKLIII6 AN0 WT 1972 
PICKERIN6 AND -1 1972 
PICKLRIIP AN0 6AST 1972 
PICKfR1N6 AND -7 1972 
PICKERIN6 AN0 W T  1972 
PlCKERlN6 AND W T  1972 
PlCKLRIN6 AN0 W T  1912 
PICKERIN6 AND Wl 1972 
PICKERIN6 AN0 WT 1972 
PICKERIN6 AND W T  1912 
PICKER116 AID W T  1971 
PICKER116 AN0 W T  1972 
PICKERIN6 AND W T  1972 
PlCKERlNO AN0 WT 1972 
PlCKLRlN6 AN0 W T  1972 
PICKER116 AN0 W T  1912 
PICKEPI16 AND WT 1972 
PICKERIN6 AN0 6AST 1972 
SAUTfR ET AL 1976 
SAUTER ET A 1  1976 
M U T E R  ET A 1  1976 
M U 1 3  ET A 1  1976 
SAUTtR ET AL 197b 
SAUTE1 ET A 1  1976 

' M U T E R  ET A 1  1976 
0.24 M U T E R  ET A 1  1976 
0.23 SAUTER ET AL 197b 
0.19 M U T E R  CT A 1  1976 
0.14 M U T E R  ET A 1  1976 

0.14 MUTER ET A 1  197b 
0.13 SAUTER ET A 1  1976 

SPEW 1976 
SPEHAR 1976 
SPEW 191b 
SPEHAR 1976 
SPLHAR 1976 
SPLHAR 197b 
CPEHAR 197b 
SitM4R 1976 
SPtlUII 1976 
SPEtiAR 19Jb 
SPEHAR 1976 
SPEHAR 1976 
SPEHAR 1976 

SPEHAR 197b 
SPLHAR 197b 
SPEHAR 197b 
ARTHUR AND CATON 1971 
ARlHUR &NO E A 7 0 1  1971 

0.13 %una ET AL 1976 

sPEnAa 1976 
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as CHEMICAL SPECIES PMAM OOSI WTESTLO RESPONSE E M  bfflbnl SOURCE 

433 CHLOWIYE 
434 CJlLORMlWE 
435 CHLORAMINE 
43b CHLORMIWE 
437 CHLORAMINE 
438 CHLORAMINE 
439 CHLORMINC 
440 CHLOrUlllNf 
441 CHLOWIME 
442 CHLORDANE 
443 CHLOROANE 
444 CHLORDANE 
445 CHLORDANE 
44b CHLORDANE 
447 CHLORDANE 
448 CHLOROANE 
449 CHLORDANE 
450 CHLOROANE 
451 CHLOROANE 
452 CHLORDANE 
453 CHLOROANE 
454 CHLORMNE 
455 CHLOROANE 
456 CHLOROANE 
457 CHLORDANE 
458 CHLORDANE 
459 CHLOROANE 
4bO CHLOROANE 
4b1 CHLOROANE 
(62 CHLOROANE 
463 CHLOROAIIE 
464 CHLOROAN; 
4b5 CHLORDANE 
46b CHLORDANF 
467 CHLOROANE 
4b8 CHLORDANE 
4b9 CHLOROANL 
470 CHLOROANL 
471 CHLOROANL 
472 CHLOROANE 
473 CHLOROANE 
474 CHLOROANE 
475 CHLORDANE 
476 CHLOROANE 
477 CHLUROANE 
418 CY 
479 cw 
480 CN 
481 CN 
482 CN 
483 CN 
464 cw 
485 CN 
486 CN 

FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
86 
06 
86 
86 
86 
86 
86 
86 
86 
ab 
w 
w 
BT 
BT 
81 
81 
ET 
81 
81 
81 
81 
81 
81 
B l  
81 
BT 
I T  
BT 
I T  
81 
81 
01 
61 
81 
BT 
81 
As 
As 
As 
As 
As 
As 
15 
As 
As 

lb.OO 
43.00 
85.00 

154.00 
0.00 
3.80 

17.00 
40.00 

108.00 
0.00 
0.25 
0.51 
1.22 
2.20 
5.17 
0.00 
0.25 
0.54 

-1.22 
2.20 
5.17 
0.00 
0.32 
0.bb 
1.29 
2.21 
5.80 
0.00 
0.32 
0.b6 
1.29 
2.21 
5.80 
0.00 
0.32 
0.bb 
1.29 
2.21 
5.80 
0.00 
0.32 
0.6b 
1.29 
2.21 
5.80 
0.00 

10.00 
20.00 
40.00 
80.00 

100.00 
0.00 

10.00 
20.00 

10 
10 
10 
10 
49 
44 
34 
37 
24 

40 
40 
40 
40  
40 
40 

450 
300 
50 
50 
0 
0 

18 
18 
18 
18 
16 
12 

1827 
855 
91 5 

1041 
1012 
978 
200 
100 
100 

0 
0 
7 

10 
14 

1 
8 

12 
15 

5 
1 
5 
1 
7 

27 

37 
121 

5 
ii 
0 
3 
3 
2 
3 

13 
12 

113 
22 1 
34b 
359 
399 
631 
2b 
3 
2 

113b 
1979 
2750 
131 

0 
0 

190 
231 
184 
192 
38 
1b 

ARIHUR AN0 . .TON 1971 
ARIHUR AN0 EA Ow 1¶11 
U T H U R  AN0 EATON 1971 
UIHUR AN0 LATON 1971 
ARTHUR AN0 fATON 1911 
MiHUR NO EATON 1971 
MMJR AND EATMI 1971 
UlWR AND EATON 1971 
ARTHUR AN0 EATON 1971 
W M L L  ET A 1  1977 
W M L L  ET AL 1977 
W M L L  ET A 1  1971 
W M L L  ET A 1  1971 
W M L L  ET A 1  1977 
WDYEU ET A 1  1977 
C M M L L  f T  A 1  1977 
CARMLL ET A 1  1977 
W M L L  ET A 1  1977 
W M L L  ET A 1  1977 
UpOyELL ET A 1  1977 
CIpoT,LL ET A 1  1977 
UpOyELL ET AL 1977 
W M L L  ET AL 1977 
CAROWELL ET AL 1977 
CARDYELL ET A 1  1977 
CARDYELL C’ A 1  1977 
CARDYELL ET $1 1977 
CARMLL ET A 1  1977 
CARMLL ET A 1  1977 
CARWELL ET AL 1977 
CARMLL ET A 1  1977 
CARMLL ET AL 1977 
CARWELL ET A 1  1977 
CAROWfLL ET A 1  1971 
CARMLL ET AL 1917 
CARDYELL E? A 1  1977 
CARMLL ET A 1  1977 
CARMLL ET AL 19’17 
CARMLL ET A 1  1977 

0.61 CARWELL ET A 1  1977 
0.91 CARMLL ET A 1  1977 
0.80 CAR3YELL E T  A 1  1977 
0.85 CARMLL ET AL 1977 

CARDYELL ET A 1  1977 
CARMLL E l  A 1  1977 
LLWC 1918 
LEWC 1978 
LEOUC 1978 
LLWC 1978 
LEOUC 1918 
LEOUC 1978 
LEOUC 1918 
LLOUC 1978 
LEOUC 1978 
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OBS CHEMICAL SPECIES P M  OOSE NTESTEO OESWYSE E665 YElW SOUOCE 

487 CI 
488 CN 
489 CY 
490 CI 
491 CM 
492 CN 
493 CN 
494 CN 
495 CM 
496 C I  
497 u 
499 CM 
Mo C I  
501 u 
502 U 
503 UI 
504 u 
505 CN 
506 UI 
501 CY 
MaCN 

.509 CW 
510 C I  
511 CY 
512 CN 
513 CN 
514 CY 
515 CM 
516 CN 
517 CY 

519 CN 
520 CY 
521 CI 
522 CI 
523 CN 
524 CM 
525 CM 
526 CN 
521 CN 
528 CM 
529 C I  
530 CW 
531 CM 
532 C I  
533 CI 
534 CM 
535 C I  
536 CY 
531 CN 
538 C I  
539 CN 
540 CN 

498 

518 cn 

As 
As 
As 
As 
As 
As 
As 
As 
15 
86 
86 
86 
86 
B6 
06 
06 
86 
06 
86 
86 
86 
a6 
86 
B6 
86 
86 
86 
a i  
a i  
a i  
a i  

a i  
a i  
a i  

81 

BT 
F I  
FI 
FM 
FM 
FM 
FM 
FM 
FU 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
F I  
FM 
FM 

40.00 100 
80.00 100 

100.00 100 
0.00 

10.00 
20.00 
40.00 
80.00 

100.00 
0.00 
5.20 
9.80 

20.50 
30.00 
39.70 
50.20 
65.60 
80.00 
0.00 30 
5.20 15 
9.80 15 

20.50 15 
30.m 15 
39.70 15 
50.20 15 
65.60 15 
80.00 15 
0.00 60 
5.60 40 

I1.30 40 

33.30 40 
43.55 40 
55.30 40 
61.15 40 
?1.20 40 

21.85 40 

0.00 
5.80 

12.90 . 
19.60 
21.20 
35.80 
44.20 
b3.50 
12.80 

96.10 
105.40 

eo. 60 

0.W 250 

12.90 100 
19.60 100 
27.30 100 

5.80 130 

35.80 io0 

2 
5 

12 

62 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
1 
1 
2 
1 
6 
9 
1 
0 
0 
2 
0 
C 
b 

I1 
ZIJ 

3416 
2512 
1845 
1467 
13bb 
1009 
1124 

12 
318 
242 

0 
0 

7? 
39 
19 
44 
61 
50 

LEO!! 1978 
LEDUC l o i n  
LEDUC 1918 

11.20 LEwc igie 

1 5 . ~ 0  LEWC 1918 
13.60 LEDUC iwe 

14.110 LEOUC 1978 
16.20 LEON 1978 

16.W LEON 1918 

SMITH ET M l9;l 
SMITH ET M 1979 
SMITH ET M 1919 
SMITH ET M 1979 
SMITH ET M 1919 
SMITH ET AL 1919 
SMlIH ET M 1979 
SMITH ET M 1919 
SMITH ET AL 1979 
SMITH ET A 1  1979 
SMITH ET A 1  1979 
SMITH ET AL 1979 
SMITH ET A 1  1919 
SMITH ET AL 1919 
SMllH ET AL 1919 
SMITH ET AL 1979 
SMITH ET AL 1919 
SMITH ET AL 1919 
SMITH ET A 1  1919 
SMITH ET A I  1979 
SMITH ET ,AL 1919 
SMITH ET AL 1919 
SMITH ET AL 1919 
SMITH ET AL 1979 
SMITH ET AL 1979 
SMITH ET AL 1919 

SMITH ET A 1  1919 
YIlTH ET AL 1919 
SMITH ET A 1  1919 
SMITH E l  AL 1919 
SMllH El A 1  1979 
SMITH ET A 1  1919 
SMITH ET A 1  1919 
SMITH ET A 1  1979 
SMITH ET A 1  1919 
SMITH ET AL 1919 
SMllH E l  A 1  1979 
WllH E T  AL 1919 
W11H El AL 19?9 
SMllH ET A 1  1919 
SMITH E7 A 1  1919 
SMITH ET A 1  1919 
SMITH E l  AL 1919 
SMllH E l  A 1  1979 

miin ET AL 1919 
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Table 8.1 (Continued) 

m MlllUL SPECIES PlJull WSE WTESTEJ RESPONSE E665 YEIWT SOUYCE 

541 
542 w 
543 u 
544 El 

546 
541 u 
549 u 
550 u 
551 CI 
552 U 
553 u 
5% CI 
555 Cl 
55b u1 
551 Cl 
558 u 
559 cn 
mu 
%I w 
5b2 UI 
513 U 
5w u 
5b5 
5bb CN 
5bl CH 
5w u 
5b9 CW 
510 u 
511 cllso4 
512 C D D )  
513 CI604 
514 ulyw 
575 C D D )  
5lb C D D )  
511 C W  
518 CwSOI 
519 UiSM 
580 Cllso4 
581 cI604 
582 CllSO( 
583 CP 
584 CR 
585 CR 
58b CR 
581 CP 
588 CR 
589 CP 
590 CE 
591 CP 
592 CR 
593 ca 
594 CP 

54s cn 

548 CI 

FM 
FM 
FW 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FW 
FII 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FII 
FII 
FM 
FM 
FM 
CHS 
CNS 
CHS 
CHS 
CHS 
CHS 

CHS 
CHS 
CHS 
CHS 
CHS 
FM 
FM 
FM 
FM 
FM 
FM 
F I I  
FM 
FM 
FW 
FM 
FM 

cm 

HATCH 
HATCH 
HATCH 
HATCH 
HATCH 
HATCH 
r n T l  
m11 
mull 
rnT1  
MORT1 
MORT1 
mal 1 
mu11 
mal 1 
llopT1 
mu11 
mUT1 
YEIW 
YEIWT 
YEIW 
KIW 
YElW 
K l W T  
K l W T  
YEIW 
YE16nT 
YtlaiT 
YElWT 
mWT 
HATCH 
HATCH 
HATCH 
HATCH 
mu12 
m 1 2  
m 1 2  
mu12 
YElWT 
YtIWT 
YtlWT 
UEIWT 
HATCH 
HATCH 
HATCH 
HATCH 

HATCH 
m c n  
muii 
muii 
mu11 
m i 1  
man 

mill1 

44.20 
b3.50 
12.80 
8O.bO 
9b.10 

105.4Q 
0.00 
5.90 

11.40 
11.90 
24.10 
32.80 
40.50 
51.50 
bb.80 
15.30 
88.90 
98.10 

0.00 
5.10 

11 .a0 
i# .W 
24.10 
32.80 
40.50 
51.50 
(6.80 
15.30 
88.90 
98.10 

21 .00 
40.00 

0.00 

40.00 
80.00 

21 .ou 
. 40.00 

80.00 
0.00 

0.00 

80.00 

21 .oo 

0.00 

18.00 
66.00 

210.00 
1OOO.00 
3950.00 

0.00 
18.00 
6b.M 

2M.00 
1OOO.00 
3950.00 

100 
100 
100 
100 
100 
100 
240 
80 
80 
80 
80 
80 
Bo 
8G 
80 
Bo 
ea 
80 

2bl 
31; 
351 
401 
214 
28b 
292 
314 

525 
541 
364 
b25 
600 
135 
35 
35 
35 
35 
35 
35 

81 
19 
81 
90 

100 
100 

88 
1b 
33 
33 
39 
43 
33 
42 
4b 
59 
be 
TI 

53 
90 
65 
90 
49 
94 

21b 
31 4 

26 
22 
25 
44 
30 
19 
0 
1 
1 
5 
2 

22 

miin 
SMIlH 
SMITH 
SMITH 
SMITH 

'SllITH 
Y(lTH 
SMlIH 
SMlIH 
SMITH 
SMITH 
SMITH 
WITH 
SMXTH 
SMITH 
SMITH 
SMlTH 
SMITH 

0.29 SMITH 
0.20 SMITH 
0.21 SMITH 
0.21 UIlH 
0.30 SMITH 
0.38 SMITH 
0.27 SMITH 
0.19 SMITH 
0.22 SMITH 
0.26 SMITH 
0.20 SMITH 
0.19 SMITH 

HAZEL 
HAZEL 
HAZEL 
HAZEL 
HAZEL 
HAZEL 
HAZEL 
HAZEL 

0.30 HAZEL 
0.33 HAZEL 
0.30 HAZEL 
0.00 CAZEL 

PICKED 
PICKED 
PICKED 
PICKED 
PICKED 
PICKED 
PICKED 
PICKED 
PICK€@ 
PICKEl 
PICKED 
PICKED 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
8 
I1 
I1 
I1 
I1 
II 
II 
f I  
I1 
I1 
I I  
I1 
f I  

il M 1919 
:l U 1919 
IT u 1919 
IT AL 1919 
IT AL 1919 
iT  u I919 
LT U 1979 
3 u 1979 
IT u 1919 
IT U 1979 
iT  u 1979 
3 AL 1919 
IT u 1979 
I T  u 1919 
IT U 1919 
LT AL 1919 
:T U 19?9 
LT AL 1919 
IT AL 1919 
IT U 1919 
IT U 1919 
:T AL 1919 
3 u 197s 
3 u 19?9 
IT AL 1919 
:T AL 1919 
IT AL 1979 
3 AL 1919 
LT AL 1919 
LT AL 1919 
UD MEITH 1910 
um A l T H  1970 
UD RElTH 1910 
UD ME:TW 1910 
UD MEITH 1910 
UD MEITH 1970 
UID R I T I  1910 
UD MEITH 1910 
UD MEITH 1910 
UD MEITH 1910 
UD MEITH 1910 
um MEITH 1910 
116 1980 
ffi 1980 
ffi 1980 
ffi 1980 
.ffi 1980 
ffi 1980 
,ffi 1980 
:ffi 1980 
i f f i  1980 
116 1980 
ffi 1980 
,& 1980 
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lrblr 8.1. (Continued) 

08S CHEMlCAL SPECIES P I I U  oust NTESTED RESPONSE E665 wf16Iil SOURCE 

595 CR 
596 CR 
597 CR 
598 CR 
599 CR 
600 CR 
601 CR 
602 CR 
(01 CR 
(01 CR 
bo5 CR 
bo6 CR 
607 CR 
6oa CR 
(os CR 
610 CR 
611 CR 
612 CR 
611 CR 
614 CR 
615 CR 
616 CR 
617 CR 
618 CR 
619 CR 
620 CR 
621 CR 
622 CR 
621 CR 
624 CR 
625 CR 
626 CR 
627 CR 
628 CR 
629 CR 
610 CR 
611 CR 
632 CR 
611 CR 
634 CR 
615 CR 
616 CR 
617 CR 
618 CR 
619 CR 
640 CR 
641 CR 
642 CR 
641 CR 
644 CR 
645 CR 
646 CR 
647 CR 
6448 CR 

FM 
FM 
FM 
FM 
FM 
FM 
86 
86 
w 
86 
86 
86 
w 
cc 
cc 
cc 
cc 
cc 
cc 
CC 
11 
11 
11 
11 
11 
11 
11 
NP 
NP 
NP 
NP 
MP 
NP 
UT 
I1 
R l  
I T  
UT 
R 1  
UT 
R l  

.UT 
UT 
UT 
UT 
UT 
UT 
R 1  
UT 
Rl 
UT 
UT 
UT 
I1 

0.00 

66.00 
260.00 
1OW.00 
3950.00 

0.00 
57 .OO 
70.00 
140.00 
265.00 
522.00 
1122.00 

0.00 
I9 .OO 
11.00 
150.00 
305.00 
510.00 
1290.00 

0.00 
1400.00 
HOO.OO 
(ooo.00 
11600.00 
24400.00 
50700.00 

0.00 
121.00 
290.00 

961.00 
1975.00 

0.00 
1600.00 
1200.00 
6100.00 
12200.00 
26700.00 
49700.00 

0.00 
1600.00 
1200.00 
6100.00 
12200.00 
26700.00 
49700.00 

0.00 
1600.00 
1200.00 
6100.00 
12200.00 
26700.00 
49700.00 

18.00 

518.00 

50 
50 
50 
50 
50 
50 

14 
10 
9 
1 
1 
44 

400 
400 
400 
400 
400 
400 
400 
200 
200 
200 
200 
200 
200 
200 

94 
72 
126 
164 
1 1  
400 
400 
21 

200 
200 
200 
200 
2O!l 

1 86 

PlCKERlN6 1980 
?lCKfRlN6 1980 
PlCKfR116 1980 
?lCKLRlN6 1980 
PlCKLRlN6 1980 
?1CKfRlN6 1980 

0.10 WLR El A 1  1976 
0.29 WfR El A 1  1976 
0.25 WfR E l  A 1  1976 
0.29 SUJTER El A 1  1976 
0.20 WlER El AL 1976 
0.24 W T E R  f l  AL 1976 
0.11 WfR E l  A 1  1976 
0.11 WER E l  A 1  1976 
0.31 W L R  E l  A 1  1976 
0.34 WlER f l  A 1  1976 
0.27 WlfR E l  A 1  1976 
0.21 WER f l  AL 1976 
0.12 WER El A 1  1976 
0.00 WER f l  A 1  1976 
0.21 W E R  El A 1  1976 

0.09 WlfR E l  A 1  1976 
0.06 WCR E l  A 1  1976 
0.09 WER El A 1  1916 
0.00 WTER El A 1  1976 
0.00 WIER El A 1  1976 
1.01 W E R  El A 1  1976 

1.41 W T E R  E l  A 1  1976 
0.76 WfR El A 1  1976 
0.44 U U T E R  El A 1  1976 
0.34 W f R  El A 1  19% 

M E R  E 1  A 1  1976 
W I E R  El A 1  1976 
UUTER E l  A 1  1916 
UUTU E l  A 1  1976 
WlER El A 1  1976 
WER E l  A 1  1976 
WlER E1 A 1  1976 
SAUIER El A 1  1976 
WfR El A 1  1976 
UUIER f l  A 1  1976 
W E D  $1 A 1  1976 
W l E R  Cl A 1  1976 
WILD El A 1  1976 
WlfR E l  A 1  1976 

0.47 WlfR E l  A 1  1976 
0.25 WILD El A 1  1976 
0.00 WlER E l  A 1  1976 
0.00 W l E R  f l  A 1  1976 
0.00 WIER E l  A 1  1976 
0.00 WlfR El A 1  1976 
0.00 WlER f l  A 1  1976 

' 

0.09 mm ET AL 1976 

0.88 s t m a  €1 AL 1976 
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Table 8.1. (Contlnurd) 

649 C I  
650 Lp 
651 C I  
652 U 
653 C I  
654 U 
655 C I  
656 C I  
657 U 
658 C I  
659 U 
660 C I  
661 C I  
662 C I  
663 C I  
664 C I  
665 C I  
666 U 
667 C I  
668 C I  
669 U 
670 C I  
671 U 
672 C I  
673 C I  
674 C I  
675 C I  
676 CU 
677 C I  
bla  C I  
679 U 
680 C I  
be1 C I  
682 C I  
683 U 
be4 C I  
be5 w 
68b W 
bel cu 
beew 
689 UJ 
690 CU 
691 CL: 
692 CU 
693 CU 
694 CU 
695 CU 
696 tu 
691 CU 
b98 CU 
699 CU 
700 EU 
701 CU 
702 CU 

YS 
YS 
YS 
YS 
ys 
ys 
I T  
I 7  
I1  
I T  
UT 
I T  
I T  
I1 
I1  
Ul 
I T  
I T  
I1 
I T  
I T  
I 1  
I 1  
I T  
I1 
I T  
I 1  
UT 
I T  
UT 
11 
I T  
I T  
I T  
I T  
I T  
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 

Y I W T  
YIWT 
YlWT 
UIWT 
YIWT 
YlWT 
MlCH 
wrrcn 
MICH 
MTCH 
MICH 
MTCH 
MTCH 
M7CH 
M l C H  
MTCH 
m N 2  
-12 
mu12 
mu12 
101112 
mu12 
m12 
m a l 2  
mal2 
m12 
Y I W I  
Y I W I  
YlWT 
Y IWT 
Y I W I  

' Y I W T  
YlWT 
YlhnT 
KIWI 
Y I W T  
LCGS 
ECGS 
tw 
€as 
ECGS 
€as 
mul l  
11191 1 
mu1 1 
mul l  
mu1 I 
mull 
mu12 
mu12 
mu12 
mu72 
aft12 
m12 

0.00 
123.00 
230.00 
538.00 
¶63.00 

1971.00 
0.00 
¶.00 

13.00 
19.00 
30.00 
48.00 
89.00 

157.00 
271 .00 
495.00 

0.00 
9.00 

13.00 
19.00 
30.00 
48.00 
89.00 

157.00 
271 .00 
4¶5.00 

0.00 
9.00 

13.00 
19.00 
10.00 
48.00 
89.00 

157.00 
271 .00 
495.00 

3.00 
12.00 
21 .00 
40.00 
77 .oo 

162.00 
3.00 

12.00 
21.00 
40.00 
77.00 

162.00 

12.00 
21 .OO 
40.00 
77.00 

162.00 

1.00 

267 
146 
141 
146 
134 
136 
140 
137 
145 
139 
24 3 
143 
140 
142 
131 
133 
122 
60 
4 
0 

20 
20 
20 
20 
20 
20 

100 
100 
100 
100 
100 
100 

4 
3 
1 
4 
3 
3 

ie 
77 , 

141 
11) 
10 
11 
10 
6 

12 
12 
2 
7 
1 
0 

51906 
46953 
25354 
4403 

3 3m 
0 

1 
1 
1 
1 
4 

12 
bl 
51 
56 

91 
100 

a 

0.24 WTEU €1 AL ism 
6.22 WIEU CT AL i,n 
0.11 mnu €1 AL i g m  

0.19 UUIER E1 M 1976 

U :7 SAUTEO €1 A 1  I¶% 

0.04 SAUTEU €1 A 1  19% 
STEVENS AND C W U  1984 
SIEVEIS AND C ) u l u  1984 
SIEVEWS AN0 C m  1984 
STEVENS AN0 clueryl 19M 
STEVENS AND C w r r * r  196) 
S I E V E I S  AND C W U  1904 
STEVENS AND C n r r U  19M 
STEVENS AND C n r r U  19M 
STEVEWS AN0 C W U  1984 
I l E V t N S  AND C W U  1984 
STEVENS AND C W U  19M 
STEVENS AM cxl)rr 1904 
SIEVEWS AND C W U  19M 
SlEVENS AND c m  1¶M 
STEVENS AND C)LIII*I 19M 
STEVENS AN0 cnrrvl  1984 
STEVENS AND C w I I y (  19M 
SIEVENS AND C m  1984 
STEVENS AND C n r r U  1¶84 
STEVENS AND C W N l  19M 

0.35 SIEVEWS AND C m  1904 
0.33 SIEVEWS AND C W N l  1984 
0.32 SIEVENS AND C W N l  1984 
0.38 STEVENS AND C W N l  1984 
0.31 SIEVENS AND C m  1984 
0.30 SlEVENS AND C W U  1904 
0.31 STEVLNS AND C m  l ¶ M  
0.32 SlEVENS AND C W N l  1984 

STEVENS AND C W N l  1984 
I N 0 1 1  1975 
BEN011 1975 
8EN011 1975 
8EllOll 1975 
8EWIIl 1975 
8€*011 1975 
8LNOZT 1975 
8ENOII 1975 
BEWIll 1975 
8ENOlT 1975 
8EN0Il 1975 
BEN011 1975 
8Ewoll 1915 
BEN011 1975 
BEN011 1975 

8LNO11 1975 

0.28 snws  AND CIUIIYI I ~ M  

eEnoii 191s 

m o i l  i w s  
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Table 8.1. (Continued) 

08S CHLIICAL SPCCILS PW oos( NlLSTLD (LESPO)(SE (665 YL1m SWRCL 

103 CU 
lo4 cu 
105 CU 
l o b  cu 
101 cu 
lo8 cu 
109 cu 
710 cu 
111 cu 
112 cu 
113 CU 
114 CU 
115 cu 
l l b  CU 
111 cu 
118 cu 
119 CU 
120 cu 
721 cu 
122 cu 
123 CU 
124 CU 
125 CU 
12b CU 
121 CU 
128 cu 
129 CU 
110 CU 
131 CU 
132 CU 
133 CU 
134 CU 
135 CU 
13b CU 
131 CU 
138 CU 

140 CU 
141 CU 
142 CU 
143 CU 
144 CU 
145 CU 
14b CU 
141 CU 
148 CU 
149 CU 
150 cu 
151 CU 
152 CU 
153 CU 
154 CU 
15s cu 
1Sb CU 

139 CU . 

I T  
DT 
I T  
81 
DT 
I T  
81 
I1  
I1 
81 
I T  
DT 
I T  
D l  
01 
I T  
81 
I T  
I T  
I T  
I T  
I1 
81 
F I  
F I  
F I  
F I  
Fll 
F I  
FM 
FM 
F I  
FI 
F I  
FN 
F I  
F I  
Fll 
F I  
F I  
FI 
F I  
F I  
FN 
F I  
F I  
ill 
F I  
FI 
FI 
F I  
F I  
F I  
FM 

t66f 
E665 
1665 
E665 
E665 
E665 
HATCH 
HATCH 
HATCH 
HATCH 
HATCH 
HATCH 
mRl1 
m 1 1  
m11 
mT I 
m1 1 
w x T 2  
m12 
-12 
m12 
m12 
m12 
E665 
(665 
E665 
E m s  
E665 
HATCH 
HATCH 
HATCH 
HATCH 
)(OR11 
m11 
m 1 1  
)Iwl I 
m 1 1  
m12 
m12 
m12 
m12 
E665 
€665 
€665 
€665 
E665 
1665 
E665 
€665 
HATCH 
HATCH 
HATCN 
HATCH 
WlCH 

1-90 
3.40 
5.10 
9.50 

11.40 
32.50 

1 .u) 
3.40 
5.10 
9.50 

17.40 
32.50 

1 .# 
5.10 
9.50 

17.40 
32.50 

1 .# 
3.40 
5.10 
9.50 

11.40 
32.50 
4.40 
5.00 
1.10 

1o.w 
10.40 
4.40 
5 .00 
1.10 

1o.w 
4.40 
5.00 
1.10 

lo.w 
18.40 
4.40 
5.00 
1.13 

1o.w 
4.40 
5.30 
b.30 

15.00 
14.00 
32.00 
34.00 

4.40 
5.30 
b.10 

14.00 
15.00 

95.00 

200 
200 
200 
200 
200 
200 

14 
14 
28 
14 
14 
50 
50 
so 
50 
50 
50 

250 
SO0 
400 
b50 
40 
40 
40 
40 
40 
50 
50 
5Q 
50 

200 
200 
200 
200 
m 

30 
2 

30 
4 

10 
148 

1 
4 
4 
3 
8 
4 
4 

10 
11 
u) 
50 

80 
115 
212 
195 

8 
2 
2 
b 

20 
21 

3 
23 

. 28 

15 
35 
11 
11 
12 

328 
364 
29b 
209 
115 
1% 

584 
148 
lab 
lbb 

0 

524 
391 
4881 
201 
528 

0 
0 
0 

IICKIM AND 8ENOIT 1911 
K K I I  AND OENOIT 1911 
=KIM AND 81W)lT 1911 
S K I M  AND OED11 1911 
K K I N  LYD 8 L D I T  1911 
K K l I  AND 8ENOlT 1911 
NCKII AND 81Y)IT 1911 
SKIM AM0 B t D l T  1911 
K K I M  AND 811011 1911 
IICKlI AND OEDll 1911 
SKIN U D  D E D I T  1911 
K K I I  AND O L D I T  1911 
KKIN *1(0 BENOIT 1911 
I U I I  AND I L D I T  1911 
K K I I  U D  8LlOll 1911 
UKIII AWD UNO11 1911 
UKII AND 8L10lT 1911 
UKIN I D  811011 1911 
K K I I  AND B E D I T  I911 
KKII AND B E D 1 1  1911 
UKlM AND U W T  1911 
KKII AND I E l O l T  1911 
IltKlI AND I E I O I T  1911 
-1 AND S T E M  l9b9 
lDUWT AND S T E M  19b9 
R l y T  AND S T E M  19b9 
-1 AND S T E M  l9b9 
D D I T  AND S T E M  l9b9 
D D I T  AND S T E M  19b9 
m # T  AND S T E M  lob9 
) o u I T  AND S T E M  1969 
lDuwT I D  S T E M  lob9 
-1 I D  S T E M  1969 
-1 AND S l L M  19b9 
-1 I D  S T E M  1969 
R U T  AND S T E M  1919 
lDuwT AND S T E M  19b9 
IDu(T AND S T E M  1969 
-1 Ah0 S T E W  l9b9 
R U T  AND S I E M  1969 
R R l T  I D  S1E)nW 1919 
R u y T  19b8 
-1 I968 
A w ( T  19bO 
R U T  19b8 

19b8 
11111 1968 
Dul 19b8 
R U T  l9b8 
-7 1968 
-1 l9b8 
Rlcl 19b8 
llDuwl 1968 
lluyl 19b8 
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Table 8.1. (Continurd) 

0B.S CHtMIUL SPECIES PARM #)SE N T U T E O  RLSPaSE L66f KIWT SOURCE 

151 CU tu cu 
159 CU 
lbo cu 
7b1 CU 
lbz cu 
l b l  CU 
1w cu 
1b5 CU 
lbb cu 
161 CU 
1M Q 
10 CU 
110 cu 
111 cu 
172 CU 
111 CU 
114 CU 
115 CU 
116 CU 
111 cu 
119 cu 
1W cu 
101 cu 
102 cu 
101 CU 
184 cu 
105 CU 
106 CU 
701 CU 
lee cu 

cu 
reo cu 
191 CU 
792 CU 
791 CU 
194 CU 
795 cu 
196 CU 
7'7 CU 
790 cu 
199 cu 
800 cu 
Wl cu 
W2 cu 
MI CU 
804 cu 
005 cu 
806 cu 
Ml CU 
808 cu 
809 cu 

710 cu 

eio cu . 

FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
01 
01 
I T  
01 
I T  
I T  
I T  
01 
01 
01 
01 
01 
I T  
01 
01 
I T  
01 
01 
01 
I T  
01 
cc 
cc 
cc 
cc 
cc 
cc 
CC 
I T  
RT 
RT 
I T  
RT 
RT 
I T  
RT 
RT 
RT 
RT 
RT 
RT 
I T  
R T  
I T  
RT 
RT 

ma1 1 
mRT1 
m 1 1  
mul l  
mall 
m 1 1  
mRT1 
mRT1 
HATCH 
HATCH 
HATCH 
HATCH 
HATCH 
HATCH 
HATCH 
m n T 2  
m R T 2  
mnT2 
m T 2  
m12 
I m 1 2  
won12 
K l W T  
K I W T  
K I W T  
K I W T  
YElWT 
YEIWT 
K l W T  
K I W T  
K I W T  
K I W T  
K I W T  *. . 
K I W T  
K l W T  
K l W T  

HATCH 
HATCH 
HATCH 
UATCH 
HATCH 
HATCH 
won12 
101112 
m12 
101112 
101112 
mRT2 
m12 
YtlWT 
K I W T  
YEJWT 
K 1 W l  

n m n  

4.40 
5.30 
b.30 

14.00 
15.00 
12.00 
34.00 
95.00 
0.00 
5.00 
1.00 

11.00 
21 .00 
$1 .OO 
95.00 

0.00 
5.00 
1 .00 

11.00 
21 .00 
51 .00 
9 5 . a  
0.00 
5.00 
1 .00 

11.00 
21.00 
51 .00 
95.00 
0.00 
1.00 
b.OO 
1 .OO 

12.00 
10.00 
24.00 

3.00 
b.00 
9.00 

16.W 
11 .OO 
51.00 

121.00 
1.00 
6.00 
9.00 

16.00 
31.00 
51.00 

121 .OO 
3.00 
6.00 
9.00 

16.00 

10 
10 
10 
10 
10 
10 
10 
20 

400 
400 
400 
400 
400 
400 
400 
200 
200 
200 
200 m 
200 m 

240 
240 
240 
240 
240 
240 
240 
100 
100 
100 
100 
100 
100 
11 

1 
1 
0 
1 
1 
1 
2 
9 

96 
102 
130 
264 
In0 
386 
400 

6 
14 
6 

55 
190 
200 

1 
181 

1 
0 
0 
1 
5 

16 
17 

IUUJNT 1968 
mi i96e 
w-mi 19611 
kouwT 19M 
-1 1960 
) (QYT 19w 
IOU1 19b8 
IOUI 1968 

W T L R  ET A 1  1916 
W T L R  LT A 1  1916 
W T L R  E l  A 1  1916 
W T L R  LT A 1  1916 
W T L R  ET A 1  1916 
W T L R  LT A 1  1916 
W T C R  ET A 1  1916 
SAUTLR €1 AL 1916 
W T C R  ET A 1  1916 
SAUTER ET A 1  1916 
W T E R  ET A 1  1916 
W T E R  LT A 1  1916 
W l C R  LT A 1  1916 

0.22 W T E R  LT A 1  1916 
0.15 Y U T E R  LT A 1  1916 
0.11 W T E R  ET A 1  1916 
0.11 W T E U  €1 A 1  1916 
0.09 Y U T E R  ET A 1  1916 
0.00 U U T L R  ET A 1  1916 
0.00 W T E R  CT AL 1916 
0.17 Y U T E R  E1 A 1  1916 
0.29 YUTER E l  AL 1916 
0.12 UUTER ET A 1  1916 
0.34 YUTER ET A 1  1916 
0.32 W T L R  ET A 1  1916 
0.20 Y U T E R  ET A 1  1916 
0.00 W T E R  ET A 1  1916 

wica €1 AL 1916 

SLIM €1 11 1984 
SLIM ET A 1  1984 
Sf I M  (1 A 1  1984 
SLIM LT A 1  1984 
SLIM ET A 1  1984 
SElM I T  AL 1984 
U 1 M  f T  A 1  1984 
SLIM ET A 1  1984 
SLIM E T  A 1  1 9 4  
U I M  LT A 1  1984 
UIM ET A 1  1984 
$111 €1 A 1  1984 
SElM ET AI. 1984 
SElM E 1  A 1  1984 

0.11 SEIM €1 AL i g e i  
0.14 SLIM ET A 1  1984 
0.15 SElM €1 A 1  '1984 
0.15 SLIM L1 A 1  1984 
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lrble 8.1. (Contlnucd) 

08s CnElticrL SPECIES PARM DOSE WlESlEO RESPONSE E6Gs Uf16Hl W R C f  

811 CU UT 
812 cu R1 
813 CU I1 
814 DI-N-EUTYL PHTHALATE FM 
815 Dl-N-8UTYL PHlHAUlE FM 
81b DI-N-BUTYL PHTHALATE FM 
817 01-W-BUTYL PHTHALAlL FM 
818 01-N-WTYL PHTHALATE FM 
819 DI-U-EUTYL PHTHALATE FM 
820 01-I-BUTYL PHTHALAlE FM 
821 01-I-UUTYL PHTHALATE FM 
822 DI-N-BUIYL PHTHAUlf FM 
823 DI-N-EUTYL PHTHALATE FM 
824 01-N-8UlYL PHTHALATE FM 
825 DI-N-BUTYL PH7HALAlf FM 
82b DI-I-BUTYL PHlHALAlL FM 
827 01-N-BUTYL PHTHALATE FM 
828 OI-N-OETYL PHlHALAlL FM 
829 DI-N-OCTYL PHIHALATE FM 
830 01-N-OCTYL PHlHALATE FM 
831 01-N-OCTYL PHTHALATE FM 
832 DI-H-OCTYL PHTHALATE FM 
833 OI-N-OCTYL PHTHALATE f M  
834 DIAZINON 81 
835 DIAZINON 81 
83b DIAZIWON 81 
837 DlAZlNON 81 
838 OIAZINON 81 
839 OlAZlNON 81 
840 DIAZINON B l  
841 DIAZlNON 81 
842 DIA2INON 81 
843 DIAZINON 81 
844 DlhZlNON 81 
845 D I N I N O N  81 
84b OIAZINON 81 
847 DIAZINON 91 
848 DIAZINON 81 
849 DIAZINON 87 
850 OIAZINON 81 
851 DIAZINON 81 
852 DIAZINON 81 
853 OIAZINOM 81 
854 DlAZINON 81 
855 DIAZINON 81 
856 DIAZINON 81 
857 DlAZlNON B l  
858 DIAZINON FM 
859 DIAZINON FM 
860 DIAZIUON FM 
861 OlAllNON FM 
8b2 OlAZlNW F M  
863 DIAZINON FM 
864 OIAZINON FM 

ytI6nl 
Y E I I l  
yt la1 
HATCH 
HITCH 
HATCH 
HATCH 
HAICH 
HATCH 
HAl tH  
MOR12 
MOR12 
MOR12 
MOR12 
mu12 

MOR12 
HATCH 
HAlCH 
HAlCH 
HATCH 
HAlCH 
HAlCH 
E 665 
EG65 
E 6ts 
E 6ts 
E6GS 
E 6ts 
M l C H  

HAlCH 
HAICH 
HAlCH 
HATCH 
MOR11 
M U 1  1 
MOR11 
MOR11 
MOR1 1 
MOR11 
MOR12 
MOR12 
ROR12 
MOR12 
MORT2 
MOR12 
E 6GS 
E GGS 
EGGS 
E 66s 
E 665 
E 6GS 
HAlCH 

mu12 

w c n  

31 .OO 
57.00 
121 .OO 
0.00 

100.00 
180.00 
320.00 
560.00 
1000.00 
1800.00 

0.00 
100.00 
180.00 
320.00 
560.00 
1OOO.00 
1800.00 

0.00 
100.00 
320.00 
1000.00 
3200.00 
10000.00 

0.00 
0.55 
1 .lG 
2.40 
4.80 
9.60 
0.00 
0.80 
1.40 
2.70 
5.bO 
11.10 
0.00 
0.55 
1.10 
2.40 
4.80 
9.bO 
0.00 
0.80 
1.40 
2.70 
5.bO 
11.10 
0.00 
3.20 
6.90 
13.50 
28.00 
60.30 
0.00 

100 
100 
100 
100 
100 
100 
100 
b9 
bb 
b9 
68 
55 
28 
0 

100 
100 
100 
100 
100 
I00 

2 50 
300 
500 
200 
50 
250 
24 
24 
24 
24 
24 
24 
100 
100 
100 
93 
25 
75 

1100 

31 
34 
31 
32 
45 
72 
100 
4 

11 
9 
4 
8 
22 

1 
0 
1 
5 
0 
35 

92 
28 
145 
77 
2b 
15 
0 
0 
0 
1 
1 
b 
8 
28 
23 
4 
9 
13 

88 

490 
334 
807 
593 
402 
220 

301 
505 
137 
7b 
1 
0 

0.11 SElM CT AL 1984 
0.05 SLIM €1 AL 1984 
0.00 SLIM E l  A 1  1984 

KCARTHI AND YIIlMt 1984 
K C A R l Y Y  ANU WITMORE 1984 
KCARTHI AN0 W I T M E  1984 
K W l H Y  AND WITMORE 1984 
KCARTHY AND W I l ~ R f  1984 
K W T H Y  AND WII)(ORE 1984 
nccAuiny AND miimnc 1984 
KcAuinY AND wiimw 19~4 
KCARlHY AND WIlMOOAE 1984 
IICCARTHY AND Wll)(ORL 1984 
K W l H Y  AND Yl I I l lORL 1984 
KCAUlHY AN0 WllWf 1984 
KCAILTHY AND WITMORE 1984 
KCAUlnY AND WITMORE 1984 
K C M T H Y  AND WI1)OE 1934 
KCARTHY AND WlllUlRE 1984 
KCARTHY AND WITMORE 1981 

KCARlHY AND WIlmRL 1984 
K C A R T H I  AND U(ITMOPL 1981 

ALLISON AND HERMANUTZ 1977 
ALLISON AN0 HElPUllUTL 1977 
ALLISON AN0 H L W I Z  1977 
ALLISON AN0 HERMANU12 1977 
ALLISON AND H L W U l Z  1977 
ALLISON AN0 H E W U I Z  1977 
ALLISON AN0 HERMANUT2 1977 
ALLISON AND HERMANU12 1977 
ALLISON AN0 HCIlMANUlZ 1977 
ArLlSON AN0 HERMANU12 1977 
ALLISON AND HERMNUIZ 1977 
ALLISON AND HfrUW(U1Z 1977 
ALLISON AND HERlWIUTZ 1977 
ALLISON AND HERMANU12 1977 
ALLISON AND H E W U T Z  1977 

. ALLlSON AND HLRlUNUlZ 1977 
ALLISON AN0 H E W U T Z  1977 
ALLISON AND HERMNUTZ 1977 
ALLISON AND HfRMNUlZ 1977 
ALLISON AND HERMANU12 1977 
ALLISON AN0 HERMANUT2 1977 
ALLISON AND HCR1113(UlZ 1977 
ALLISON AN0 HfRMANUlZ 1977 

ALLISON AN0 HERMANU72 1971 
ALLISON AND HERMANU12 1977 
ALLISON AN0 HERMANU12 1977 
ALLISON AN0 H E W U T Z  1977 
ALLISON AND HERMANU12 1977 
ALLISON AND HERMANU12 1977 

iucmitii AND uniimut 1984 

ALLISON n w  nmwuiz 1911 

ALLISOM AND nEumuiz  1971 
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Table 8.1 (Contlnued) 

SPECIES P A R M  DOSE M T E S l t D  RCSPOax Em lrtlQT SOURCE 

865 DIAZIMOW 
866 D!AZlMM 
867 O l A Z l N M  
868 D l A Z l N M  
869 OlAZlmYl 
870 DlAZlYOY 
871 DIAZINON 
872 O l A L I m W  
873 D I A Z I N M  
814 DIAZIMOW 
875 OlAZIMON 
876 DIAZIMOW 
871 DIAZIMOW 
818 D I A L I M M  
879 DlAZlNM 
880 DllOSE8 
881 DlMOSt8 
882 DIMOSt8 
883 oiwosce 
884 DIMOSLB 
885 DlMOSE8 
886 OlMOJEB 
887 OlMOSE8 
888 olMosc8 
889 OlMOSEB 
890 DIMOSCB 
831 DlMOSEB 

893 DlMOSEB 
894 DlMOSC8 
895 DlMOSEB 
896 OIMOSf8 
897 DlMOSEB 
898 OlMOSt8 
899 DlMOSLB 
900 DlMOSE8 

902 DIMOSE8 
903 DIMOSEB 
904 DIURON 
905 DIURON 
906 DIURON 
907 DIUROM 
908 DlUROM 
909 DlUROM 
910 0111ON 
911 DIURON 
912 DIURON 
913 DIURON 
914 DIURON 
915 DIURON 
916 DIURON 
911 DIUROM 
918 DlUROM 

892 oiiosce 

901 DiiosEe 

3.20 
6.90 

28.00 
60.30 
0.00 
3.20 
6.90 
13.50 
28.00 
60.30 
0.00 
3.30 
6.80 

28.00 
62.60 
0.00 
0.40 
1.70 
4.30 
14.50 
48.50 
0.00 
0.40 
1.70 
4.30 
14.50 
48.50 
0.00 
0.40 
1.70 
4.30 
14.50 
48.50 
0.00 
0.50 
1.60 
2.30 
4.90 
10.00 
0.00 
2.60 
6.10 
14.50 
33.40 
78.00 
0.00 
2.60 
6.10 
14.50 
33.40 
78.00 
0.00 
2.60 
6.10 

900 
150 
200 
500 
100 
100 
100 
100 
100 
100 
400 
320 
40 

280 
320 
200 
200 
200 
200 
200 
2kX 
60 
60 
60 
60 
60 
60 

200 
200 
200 
200 
200 
200 
60 
60 
60 
60 
60 
60 

286 
36 
12 
35 
28 
1s 
36 
18 

6b 
134 
83 
18 
99 
11 
55 
31 
33 
4b 
(2 
43 
7 
13 
11 
8 

28 
55 

w 

67 
45 
52 
61 
75 
88 
11 
7 
4 
17 
15 
45 

A L L I S M  AND HERMMUTZ 1977 
A L L I S M  AND HCRMMUTZ 1917 
ALLISOW AND HERMANUT2 1917 
A L L I S M  AND HERMAMU72 1911 
ALLlSOT AND HERMANUT2 1917 

ALLISM AND HERMANUT2 1971 
ALLISOW AND HfRMMUT2 1911 
ALLISOW AND HERMANUT2 1977 
ALLISON AND HERMAMUTZ 1977 
A L L I S M  AND HERMANUTZ 1971 
ALLISON AND HERlUMUTZ 1911 
ALLISON AND HERMAMU12 1911 
ALLISON AND IIERMYUTZ 1971 
ALLISON AND HERMANUT2 1911 
CALL ET AL 1983 
CALL E l  AL 1983 
CALL ET A 1  1983 
CALL'ET AL 1983 
CALL ET AL 1983 
CALL E 1  AL 1981 
CALL E l  AL 1983 
CALL ET AL 1983 
CALL ET A 1  1983 
CALL ET AL 1983 
CALL ET AL 1983 
CALL ET AL 1983 

0.60 CALL ET A 1  1983 
0.68 CALL ET AL 1983 
0.73 CALL ET AL 1983 
0.65 CALL ET A 1  1983 
0.68 CALL ET AL 1983 
0.52 CALL ET AL 1983 

ALLISOW UID n m n i u i z  1977 

378.00 YOOOUAUD 1916 
247.00 YOOOUARD 1916 
241.00 WOOYARD 1976 
244.00 woOoyAR0 1916 
208.00 YOOOUARD 1976 
152.00 YOOOUARD 19;6 

CALL ET A 1  1983 
CALL ET A 1  1983 
CALL ET A 1  1983 
CALL E T  A 1  1983 
CALL ET A 1  1983 
CALL ET A 1  1983 
CALL E T  A 1  1983 
CALL ET A 1  1983 
CALL El A 1  1983 
CALL E T  AL 1983 

CALL El AL 1983 
0.57 CALL E l  A 1  1983 
0.51 CALL E1 AL 1983 
0.5b CALL E1 AL 1983 

CALL c i  AL 1983 
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OBS CHEMICAL SPECIES PARM DOSE NTESTEO RESPONSE E665 MIGHT W C E  

919 O I U Y M  
920 DIURON 
921 OIURM 
922 OTDMAC 
923 DTDIUC 
924 DTOMAC 
925 OTOMAC 
92b OTDMAC 
927 DTDIUC 
928 ENWSULFM 
929 ENDOSULFAN 
930 LMOOWLFUl 
931 EMOOWLFM 
932 EWWSULFM 
933 EMDOSULFM 
934 ENWfULFM 
935 EMOOSULFM 
93b ENOOCULFM 
937 LNM)SULFM 

939 LMDOSULFM 
940 EMOOSULFW 
941 ENDOSULFAN 
942 EMOOSULFM 
943 EMOOSULFM 
944 ENOOSULFM 
945 ENDRIN 
94b ENORIN 
947 EMORIM 
948 EMORIM 
949 EMORlN 
950 ENORIN 
951 FENITROTHIOW 
952 FENlTROTHlOW 
953 FENITROTHIOW 
954 FfMllROTHIQ 
955 FENITROTMIIU 

938 EMWSULFM 

958 FEMITROTHION 
959 FLNlTROTHlnr 
9bO FENITROTHION 
9b: FEMITROTIi ION 
9b2 FEMlTROlHlOW 
9b3 FOWOFOS 
9b4 FOMOFOS 
965 FONOFOS 
9bb FMOFOS 
96) FONOFOS 
968 FONOFOS 
969 FWOFOS 
970 F W O S  
971 FCWfOS 
t 7 2  F W M  

FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FW 
FM 
FM 
FW 
FF 
F F  
F F  
FF 
F F  
F F  
FM 
FM 
f M  
FM 
f M  
FM 
FW 
FM 
FM 
FM 
FM 
FM 
F M  
FM 
FM 
FM 
FM 
FM 
FW 
FM 
FM 
FM 

YE lWT 
M I G H T  
YE lull 
MIGnl 
MIGnT 
M16nT 
Yt IGnT 
U f I G n T  
YE 1GnT 
w c n  
w i c n  
wicn 
wicn 
n m n  
u i c n  
MORT1 
MRT1 
MODTI 
MORT1 
MORT1 
WORT1 
MORT2 
M R T Z  
MORTZ 
MORT2 
MORT2 
WORT2 
MORT2 
M R T 2  
MOR12 
MORT2 
MORT2 
MORT2 
MOOR1 2 
WORT2 
RORT2 
MORT2 
MORTZ 
YE IGHT 
Ml6nT 
MlGnT 
WfltnT 
YEIGHT 
YE 1GHT 
HATCH 

HAICH 

HAlCH 
HATCH 
MORT2 
MOR12 
WORT2 
MOR12 

t w c n  

w c n  

14.50 
33.40 

0.00 
6.00 

13.00 
24.00 
53.00 
90.00 
0.00 
0.04 
0.01 
0.10 
0.20 
0.40 
0.00 
0.04 
0.Ob 
0.10 
0.20 
0.40 
0.00 
0.04 
0.06 
0.10 
0.20 
0.00 
0.04 
0.07 
0.15 
0.30 
0.60 
0.00 

20.00 
bo. 00 

130.00 
300 00 
740.00 

0.00 
20.00 
bo. 00 

130.00 
300.00 
740.00 

0.00 
4.90 
9.20 

16.00 
33.00 
bb.OO 
0.00 
4.90 
9.20 

16.00 

78.00 

1900 
200 

1150 

150 
30 
30 
30 
30 
30 
15 

3bO 

320 
320 

90 
90 
90 
90 
90 
90 
bo 
bo 
bo 
bo 
bo 
bo 

i w o  
1850 

eo 

280 

100 
100 
100 
100 
100 
100 
bo 
bo 
bo 
60 

325 

231 
161 
425 

28 

148 
a 

18 
b 
5 

13 
15 
77 
21 

73 
70 

1 
3 
4 
2 

12 
90 
1s 
10 
17 
14 
24 
43 

83 

b 
5 
3 
4 
7 
5 
5 
5 
4 
5 

0.b2 UU ET AL 1983 
0.56 UU ET AI. 1983 
0.50 c u  ET AL 1983 
0.08 LWS MO wu 1- 
0.08 L W S  MO mt im 
0.08 LWS AND im 
0.08 LMS NO uu im 
0.07 LWS AN0 M E  1983 

0.03 L M S  AN0 YCE 1913 
UIWW ET AL 1YR 
CMUW ET AL 1YR 
CI1Lsow ET A 1  1YR 
CI1Lsow ET AL lm 
C W M  ET A 1  1YR 
u ) L s o M  El A 1  19R 
C U W W  ET AL l 9 R  
ulwlr ET AL 1 9 0  
Cl)LSOW ET AL l 9 R  
C W O N  ET AL 1982 
C W O N  ET A 1  1982 
C W O N  ET AL 1915 
CARSON ET AL l 9 R  
CAtWN ET AL l 9 R  
C W O N  ET AL 1982 
C W O M  ET AL 1982 
C A C l S M  ET AL 1982 
C W O N  ET A 1  19UZ 
C A R U W  ET AL 1982 
CIPWN ET A 1  1982 
CAPWW ET AL 1982 
CAeWW ET AL 1982 
C A P W U  E l  AL 1 9 8  
KLLIIER ET AL 1984 
KLEIlER ET AL 1984 
KLEIILR ET AL 1984 
KLEINR ET A 1  1984 
KLEIER ET AL 1984 
KLEULR E T  AL 1984 

0.14 KLEllLOR €1 AL 1984 
0.14 KLEIKfR ET A 1  1984 
0.15 KLEIPR ET AL 1984 
0.14 KLEUII ET AL 1984 
0.10 KLEIIER E l  A 1  1984 
0.Ob KLEUR ET A 1  1984 

PIQEPING AND GILIM i g w  
PICCUING MD GILIM loa2 
PICUPIMG NO GILIM 1982 

PICKERIMG MO GILIM 1 9 ~ 2  
P I C ~ I M G  MO SIL- 1982 
PIULPING MO SILIM 1982 
P I C I ; L ~ ~  AWO GILI.U 1982 
PICCUING MO GILIM 1982 

PICCERlMG AN0 SIL- 1982 

P1CU)ING AN0 GIL- 1982 
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lable 8.1. (Conllnued) 

OBS CHEMICAL 

973 FOWOFOS 
974 FOLlOFOS 
975 FOI(OTOS 
976 FOllOFOS 
977 F W O S  
978 F W O S  
979 FolloFOS 
980 FOWOFOS 
981 wn1m 

983 blllHlOY 
902 ainion 
984 mion 
08s amion 
986 buntion 
987 winion 
988 HEPTACHLOR 
989 HEPTACHLOR 
990 HE PTACHLOR 
991 HEPTACHLOR 
992 HEPTACHLOR 
993 HEPTACHLQR 
994 HEPTACHLOR 
995 HEPTACHLOR 
996 HEPIUHLOR 
997 HEPTACHLOR 
998 HEPTACHLOR 
999 HE PTACHLOR 

1 OOO HE PTACHLOR 
1001 HE PTACHLOR 
1002 nEPlUHL0R 
1003 HEPTACHLOR 
loo) HLPTACHLOR 
1005 HEPTACHLOR 
1006 HE PTACHLOR 
1007 HE PTACHLOR 
1008 HE PTACHLOR 
l W 9  HEMU(LORO8UTAOlENf 
1010 HE MCHLOROWTAOI EWE 
1011 HfMCHLOROBUTAOIEHE 
1012 HEMCHLOROBUTADILNE 
1013 HfMCHLOROWTAOlfWE 
1014 HLXACHLOPOBUTAOIENE . . . . . . . . - - . . .- - .- 
1015 HEIACHLORO8UTAOIENL 
101 6 HE MCHLOaOBUTAOIL HE 
1017 HfMCHLORO8UTAOlLNf 
101 8 HEMCHLORO8UTADIEHL 
1019 HEXACHLOROBUTAOIENE 
1020 HEMCHLORO8UTAOlENE 
1021 HfMCHLORO8UTAOltHE 
1022 HfMCHLORO8UTAD1fWE 
1023 HEXACHLORO8UTADIEHE 
1024 HEMCHLORO8UTADlC~f 
1025 HEMCHLlO8UTAOlEWE 
1026 HLMCHLORO8UTAOIfME 

SPECIES PARAM 

FM MORT2 
FM MORT2 
FM yCIWT 
FM Y16HT 
FM yCl6tlT 
FM MIWT 
FM YElWT 
FM YI6HT 
t M  E665 
FM E 6 6 5  
FM E66S 
FM E66S 
FM E665 
FM E665 
FM E66S 
FM E66S 
FM E 6 6 5  
FM E665 
FM E665 
FM E665 
FM E665 
FH HATCH 
FM HATCH 
FM HATCH 
FH HATCH m WRT1 
FM MORT1 
fl: MORT1 
FM MORT1 
FM MORT1 
F I  WRT1 
FM MORTZ 
FM MORT2 
FM MORT2 
FM MORTZ 
FM MRT2 
FM HATCH 
FM HATCH 
f M  HATCH 
Fn HATCH 
m HAlCH 
FM HATCH 
FM )(OR12 
FM MORT2 
FM MOR12 
FM MRT2 
FM 110912 
FM WRT2 
FM YI6HT 
FM Y l 6 H T  
FM Y16HT 
FM Y I W T  
FH YElWl 
FM MIQT 

DOSE NTCSTEO RESPONSE 

33.00 
66.00 
0.00 
4.90 
9.20 

lb.OO 
33.00 
66.00 
0.04 
0.10 
0.16 
0.24 
0.33 
0.51 
0.72 
0.00 
0.11 
0.20 
0.43 
0.86 
1.84 
0.11 
0.20 
0.43 
0.86 
0.00 
0.11 
0.20 
0.43 
0.86 
1.84 
0.00 
0.11 
0.20 
0.43 
.O.Bb 
0.08 
1.70 
1.20 
6.50 

13.00 
27.00 
0.08 
1.70 
3.20 
b.50 

13.00 
27 .OO 
0.08 
1.70 
3.20 
6.50 

13.00 
21.00 

60 
60 

15 

650 
900 

1550 
2150 

30 
30 
30 
30 
30 
10 

320 
320 
320 
320 
320 
120 
120 
120 
120 
120 
120 
60 
60 
60 
60 
60 
60 

20 
40 

1691 
1220 
1611 
1239 
1710 
256 
782 
712 
385 
6¶7 
133 

1 558 
0 

91 
112 
276 
24 5 

6 
13 
6 
9 

13 
30 

107 
77 

198 
54 

25 
40 
39 
43 
42 
34 
0 
1 
2 
9 

28 
27 

114 

PlCKEIlN6 AND 61LlM 1982 
PICKfI116 AN0 61LIM 1982 

0.17 PICKfIlM6 AND 6111151 1982 
0.20 PlCKEIlM6 AND 61LIM 1982 
0.18 PICKLIIM6 AND 611IM 1982 
0.15 PICKEIlMO AND 6111151 1982 
0.12 PICKERIN6 AND 6111151 1982 
0.04 PICKEIIIC AN0 6 IL IM 1982 

AOfl.MIl ET A 1  1976 
AOfl.MIl ET A 1  1976 
I S E W  ET A 1  1976 
A0tl.MIl ET A 1  1976 
A0fl.MIl ET AL 1976 
ADfl.MIl ET A 1  1976 
MEW ET A 1  1916 
M C E K  ET A 1  197M 
M L K  ET A 1  l976A 
MCEK ET A 1  1976A 
M E K  ET A 1  1976A 
M C E K  ET A 1  197M 
M C E K  ET AL 1976A 
M C E K  ET A 1  197M 
M C E K  ET AL 1976A 
M C E K  E l  AL 197M 
M C E K  ET A 1  1976A 
M C E K  ET A 1  1916A 
M C E K  ET A 1  1976A 
M C E K  ET AL 197bA 
M C E K  ET A 1  1976A 
M E K  ET A 1  19711 
MCLK ET A 1  197M 
M L K  ET A 1  1Y76A 
lUCEK ET A 1  197bA 
MCEK ET A 1  1976A 
M E K  ET A 1  197M 
M E K  ET A 1  1976A 
BLIOIT ET A 1  1982 
6EtW)IT ET AL 1982 
8EN0lT ET A 1  1982 
OENOlT ET A 1  1982 
BEN011 ET A 1  1982 
8LMOIT ET A 1  1982 
BEN011 ET A 1  1982 
BENOIT ET A 1  1982 
BEN011 ET A 1  1982 
BEN011 ET A 1  1982 
8L*Oll ET AL 1982 
8EN0ll ET AL 1982 

0.13 BEN011 ET A 1  1982 
0.13 8EN0lT ET AL 1982 
0.13 BENO11 ET A 1  1982 

0.03 BEN011 ET A 1  1982 

0.13 aEnoii AL 1982 

0.10 atmu u AL 1982 
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Table 8.1 ( C o n t i n u e d )  

ORNL-62 51 

08s CHEMICAL SPECIES PARAW DOSE NTESTEO RESPONSE E66S WEIGHT SOURCE 

1027 HEXACHLORWCLOHEXAN 86 
1028 HEXACHLOROCICLOHEXAN 86 
1029 NEXACHLOROMLOHEXAN 86 
1030 HEXACHLOROMLOHEXAN 86 
1031 HEXACHLOROMLOHEXAN 86 
1032 HEXACHLOROMLOHEXAN 86 
1033 HEXACHLOROCYCLWEXAN 86 
1034 HEXACHLOROMLOHEXAN 86 
1035 HEXACHLOROMLOHEXAN 86 
1036 HEXACHLOROMLOHEXAN 86 
1037 HEXACHLOROMLOHEXAN BG 
1038 HEXACHLOROMLOHEXAN 86 
1039 HEXACHLOROCICLOHEXAN 86 
1040 HCXACHLOROntLOnEXAN 86 
1041 HEXACHLOROntLOHEXAN 81 
1042 HEXACHLOROCKLOHEW 81 
1043 HEXACHLOROCYCLOHEXAN 81 
1044 HE XACHLOROCYCLOHEXAN 81 
1045 HEXACHLOROCKLOHEXAN 81 

1047 HLXACHLOROCYCLOHL XAN 81 
1048 HEXACHLOROCKLOHEXAN 81 

1050 HE XACHLOROCYCLOHE XAN 87 
1051 HEXACHLOROCYCLOHEXAH 81 
1052 HEXACHLOROCYCLOHEXAN 8T 
1053 HEXACHLOROCKLOHEXAN F M  
1054 HE XACHLOROCYCLOHEXAN FM 
1055 HEXACHLOROCYCLOHEXAN F M  
105b HEXACHLOROCYCLOHCXM FM 
1057 HCXACHLOROCKLOHEXAN FM 

1059 HEXACHLOROCKLOHEXAN FM 

1016 HEXACHLORWYCLOHEU~~ e l  

1049 HEXACHLOROCKLOHEW el 

lose HEXACHLOROCYCLWEXAN FM 
-. - - - -. - 

1060 HEXACHLOROCKLOHE XAN FM 
lob1 HEXACHLOROCYCLOHEXAN F M  
lob2 HEXACHLOROCYCLOHEXAN FW 
1063 HEXACHLOROCYCLOHEXAN FM 
lob4 HEXACHLOROCKLOHEXAN FM 
lob5 HEXACHLOROCYCLOHEXAN F M  
1Obb HEXACHLOROCYCLOHEXAN FM 
1067 HE X I  CHLOROCYCLOHLXAW f M 

1069 HEXACHLOROCYCLOHEXAN F M  
1070 HEXACHLOROCICLOHEXAN F M  
1071 HEXACHLOROEINANE FM 
1072 HEXACHLOROEIWC F M  
1013 HEXACHLOROEIWE F M  
1074 HEXACHLOROEIWE F M  
1075 HEXACHLOROElWE F M  
1016 HEXACHLOROElWE FW 
107) HLXACHLOROElWE FM 
1018 HE XACHLOROC W E  F M  
1079 HEXACHLOROE T W C  FM 
1080 HEXACHLOROElWlE FM 

1068 HEXACHLOROCTCLOHEXAN FM 

wren 
HATCH 
HATCH 
HATCH 
MORTl 
MORTl 
MORT1 
WORT1 
MORT1 
MORT1 
MORT2 
WORT2 
MORT2 
MORT2 
HATCH 
HATCH 
HATCH 
Ht,TCH 
HATCH 
HATCH 
MORT2 
MORT2 
MORT2 
MORT2 
MORT2 
MORT2 
HATCd 
HATCH 
HATCH 
HATCH 
HATCH 
HATCH 
MORT1 
MORTl 
MORTl 
MORT1 
MORTl 
MOR 11 
MORT2 
MORT2 
MORT2 
MOR12 
MORT2 
MOR12 
MORT2 
MORT2 
MORT2 
MORT2 
MORT2 
MORT2 
WE IGHT 
YEICHT 
YE l6HT 
WE 1GHl 

0.bO 
1 . l o  
2.30 
4.40 
0.00 
0.60 
1.10 
2.30 
4.40 
9.10 
0.bO 
1.10 
2.30 
4.40 
0.00 
1.10 
2.10 
4.10 

16.60 
0.00 
1.10 
2.10 
4.1C 

16.60 
0.00 
1.40 
2.40 
Sib0 
9.10 

23.40 
0.00 
1.40 
2.40 
5.60 
9.10 

23.50 
0.00 
1.40 
2.40 
5.60 
9.10 

23.40 
0.90 

(9.00 
207.00 
608.00 

lbM.OO 
0.90 

(9.00 
20? .oo 

8.80 

8-80 

28.00 

28.00 

600 
200 

2200 
400 

20 
20 
20 
20 
20 
20 
30 
30 

120 
30 

100 
50 

200 
150 
50 
50 
50 
50 
50 
50 
50 
25 

200 
900 

1 bo0 
1600 
1550 
1350 

15 
15 
15 
15 
15 
15 
40 

1 bo 
1 bo 
1 bo 
eo 
eo 

120 
120 
120 
120 
120 
120 

60 
24 

710 
120 

3 
1 
3 
5 
4 
3 

30 
2b 
49 
2b 
75 

7 
b 

53 
12 
3b 
23 . 
49 
25 
34 
39 
23 
2b 

192 
176 
18b 

1 
0 
0 
1 
1 
4 

10 
2b 

53 
24 
14 
I 5  
39 
30 
21 
12 

120 

e1 

i 89 

48 

~ 

MCEK AL i o i i e  

MCEK t i  AL i9x.e 

MCEK ET AL 1 9 x 8  
MCEK c i  AL 19768 
MCEK €1 AL 19768 

MCEK ET AL 19768 

MCEK ET AL 19768 
MCEK ET AL 19768 

MCEK ET AL 19768 
MCEK ET AL i 9 7 b e  
MCEK ET AL 19768 

M t E K  ET AL i 9 i b e  

M C E K  ET A 1  19768 

M C E K  ET A 1  197b8 
M C E K  CT AL 19TbB 

M C E K  ET A 1  197b8 

M C E K  ET A 1  197b8 

M C E K  ET Al. 197bB 

NACEK ET A 1  197b8 

MCEK ET A 1  19768 
M C E K  ET A 1  197b8 
M C E K  ET A 1  19768 
MCEK ET Al. 19768 
M C E K  ET A 1  197b8 
M C E K  :T A 1  197b8 

M C E K  ET AL 197b8 

M C E K  ET A 1  19768 

M t f K  ET A 1  197bB 

M C E K  ET A 1  19768 

MCEK ET AL 19168 

MCEK ET AL 19768 

MCEK ET AL 1 9 x 8  

MCEK ET AL is1768 

MCEK ET AL 1 9 x e  
MCEK t i  AL 19768 

MCEK ET AI 19168 
MCEK ET AL 19768 
MCEK ET AL 19768 
WEK ET AL 1 9 x 8  
MCEK ET AL 1 9 x 8  

MCEK ET AL 19768 

MCEK ET AL 19TbB 
M C E K  ET A 1  13768 

MCEK ET A 1  197b6 

M O  ET AL 1984 
M O  ET A 1  1984 
M O  ET AL 1984 
AIWEO E l  A 1  1984 
M D  ET C.1 1984 
M O  ET A 1  1984 

0.17 M O  ET AL 1984 
0.19 M D  ET A 1  1984 
0. lb M O  ET AL 1984 
0.12 H O  ET AL 1984 
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l d b k  8.1. (Conttnued) 

~~ 

08s CHEMICAL SPECIES PARAM WSL lTESTEC RESPONSE E 6 6 5  MIQT SOURCE 

1081 HEXACHLOROLTWL 
1082 HEXACHLOROETHANE 
1083 H6 
1084 HG 
1085 H6 
1086 H6 
1087 H6 
1088 H6 
1089 H6 

1091 H6 
1092 H6 
1093 H6 
1094 H6 
1095 H6 
1096 H6 
1097 H6 
1098 H6 
1099 H6 
1100 H6 
1101 H6 
1102 H6 
1103 H6 
11M K6 
1105 H6 
1106 HG 
1107 H6 
1108 H6 
1109 H6 
1110 H6 
1111 HG 
1112 H6 
11 13 lSOPHORONE 
1114 ISOPHOROUE 
1115 ISOPHOROUE 
1116 ISOPHORfflE 
1117 ISOPHOROLIL 
1118 ISOPHOROYE 
1119 ISOPHORfflL 
1120 ISOP)(ORONL 
1121 ISOPI(OR0NE 
1122 ISOPHOROYE 
1123 ISOPHORONE 
11 24 ISOPHORONE 
1125 lSOPHORfflL 
1126 ISOPHORONE 
1127 ISOPHORONE 
1 128 ISOPHORfflE 
1129 ISOPHORONE 
11.50 KELTHANL 
1131 KELTHANE 
1132 KELTHANL 
1133 KELTHANL 
1134 KELTHANE 

iopo ns 

FM 
FM 
FM 
FM 
FM 
FM 
FM 
FI1 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FR 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
Fn 
rn 

YI IT 
MIGHT 
IUTCH 
HATCH 
HATCH 
HATCH 
HATCH 
HATCH 

mRT2 

MORT2 
W T Z  

YIQT 
MIGHT 
YEIMIT 
Y IGHT 
Y I Q T  
Y I W T  
L6hS 
E 66s 
E= 
E W  
E 665 
E 665 
M I G H T  
YEl6HT 
YIQT 
Y 16nT 
bKlGHT 
MI6HT 
MORT5 
M R T 5  
MORT5 

))OR15 
M R T 5  
Y I I T  
uE16nT 
MIGHT 
ut 16HT 
Y I G H T  
MIIT 
yE16HT 
M16HT 
YE 16HT 
MlQT 
MI6HT 
MORT2 
MORT2 
MORT2 
MORT2 
MOR12 

m ~ 1 2  

mruz 

m m  

~ R T S  

608.00 
1604.00 

0.01 
0.23 
0.48 
1.85 
0.87 
0.87 
0.01 
0.23 
0.48 
0.87 
1.85 
3.70 
0.01 
0.23 
0.48 
0.87 
1.85 
3.70 
0.00 
0.26 
0.50 
1.02 
2.01 
3.69 
0.00 
0.26 
0.50 
1.02 
2.01 
3.69- 
0.00 

11 .OO 
19.00 
30.00 
56.00 

112.00 
0.00 

11o00.00 
19o00.00 
3oooO.00 
56000.00 

0.00 
2160.00 
4165.00 
8535.00 

15610.00 
25145.00 

0.00 
8.90 

19.00 
39.00 
73.00 

200 71 
200 61 
200 66 
200 88 
200 54 
200 200 
60 0 
60 0 
60 0 
60 0 
60 26 
60 53 

31 4 
33 5 
37 5 
33 6 
32 8 
32 29 

30 0 
30 6 
30 6 
30 16 
30 30 

0.04 AHME0 ET AL 1984 
0.00 AHMEO ET AL 1984 

CALL ET AL 19838 
CALL ET AL 19838 
CALL ET AL 19838 
CALL ET AL 19838 
CALL ET AL 19838 
CALL ET AL 1Y838 
CALL ET AL 19838 
CALL ET AL 19838 
CALL ET AL 19838 
CALL ET AL 19838 
CALL ET AL 19838 
CALL ET AL 1,9838 

0.21 CALL ET AL 1Y838 
0.19 CALL ET AL 19838 
0.19 CALL ET AL 19838 

CALL ET AL 19838 
CALL ET AL 19838 

0.01 CALL ET AL 19838 
1204 SNARSKI WO 0~~ 1982 
557 SNARSKI AN0 OLSON 1982 
64b SNARSKI AN0 OLSON 1982 

0 SNARSKI AN0 OLfDlr 1982 

0 SNARSKI AN0 OLSON 1982 
0.26 SNARSKI AN0 OLSW 1982 
0.19 SNARSKI AN0 OLSON 1982 
0.23 SNARSKI AN0 OLSW 1982 
0.19 SNARSKI AND OLSON 1982 
0.15 SNARSKI AND OLuyl  1982 
0.09 SNARSKI AN0 OLSON 1982 

0 SNARSKI ANO OLSON i g e 2  

CAIRNS AN0 IEBEKER 1982 
CAIRNS AN0 IEBEKER 1982 
CAIRNS AN0 IEEEKEP 1982 
CAIRNS AN0 IEBEKLR 1982 
CAIRNS AN0 IEIEKEP 1982 
CAIRNS AND IIE8EKER 1982 

0.03 CAIRNS AND IE8fKER 1982 
0.02 CAIRNS AND ICBEKER 1982 
0.02 CAIRNS AND IIEBEKER 1982 
0.01 CAIRNS AN0 IEBEKEII 1982 
0.01 CAIRNS AND IIEBEKER 1982 
0.17 LEMKE ET AL 1983 
0.18 LEWKE ET AL 1983 
0.17 LEWKE ET AL 1983 
0.16 LEMKE ET AL 1983 
0.15 LEMKE ET AL 1983 
0.14 LEMKE ET AL 1983 

SPEHAR ET AL 1982 
SPEHAR ET AL 1982 
SPEHAR ET AL 1982 
SPEHAR E T  AL 1982 
SPEHAR ET AL 1982 
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Table 8.1. ( C o n t i n u e l )  

OWL-6251 

1 

08s CHEMICAL SPECIES P A R M  DOSE NTESTED RESPONSE E665 yE16HT SOURCE 

1135 KEL1HA)IE 
1136 KEPONE 
1137 K E W E  
1138 KEPONE 
1139 KEPONE 
1140 KEPOHE 
1141 KEPONE 
1142 KEPONE 
1143 KEPONE 
1144 KEPONE 
1145 KEPONE 
1146 KEPONE 
1147 KEPONE 
1148 KEPONE 
1149 K E W U E  
1150 KEPONE 
1151 KEPONE 
1152 KEPONE 
1153 KEPONE 
1154 KEPCUE 
1155 KEPOIE 
1156 KEPONE 
1157 KEPONE 
1158 KEPONE 
1159 K E W T E  
1160 KEPOHE 
1161 LAS MIXTURE 
1162 LAS MIXTURE 
1163 US MIXTURE 
llb4 LAS MIXTURE 
1165 U S  MIXTURE 
1166 LAS MIXTURE 
1167 US MIXTURE 
I 1  b8 LAS MIXTURE 
1169 LAS MIXTURE 
1170 US MIXTURE 
1171 LAS MIXTURE 
1172 LAS MIXTURE 
1173 US MIXTURE 
1174 LAS MIXTURE 
1175 US MIXTURE 
1176 LAS 11.2 
1117 U S  11.2 
1178 U S  11.2 
1179 L A S  11.2 
1180 LAS 11.2 
1181 LAS 11.2 
1182 us 11.2 
1183 LAS 11.2 
1184 LAS 11.2 
1185 LAS 11.2 
1186 U S  11.2 

. 1187 US 11.2 
1188 U S  11.2 

FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FU 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
F l l  
FM 
FM 
FM 
FM 
FM 

MORT2 
E 6 6 5  
E665 
E M  
E665 
E665 
€665 
E665 
n m t i  
n m n  
w c n  
n m n  
twcn 

maii 

HATCH 

MORT1 

WRTl 
MORT1 
)(ORTI 
MORT1 
MRT2 

MORT2 
M R T Z  
MORT2 
MORT2 
E6GS 
EGGS 
(66s 
€665 
EGGS 

HATCH 

HATCH 

MORT2 
MRT2 
MORT2 
MORT2 
MRT2 

HATCH 

HATCH 

ma12 

w t n  

n m n  

n m n  

w c n  
w t n  

HATCH 
HATCH 

HATCH 
HATCH 

MORT2 
MORT2 
M R T 2  
MORT2 
MOR12 

125.00 
0.00 
0.01 
0.07 
0.17 
0.03 
0.31 
0.31 
0.00 
0.01 
0.03 
0.07 
0.17 
0.31 
0.00 
0.01 
0.03 
0.07 
0.17 
0.31 
0.00 
0.01 
0.03 
0.07 
0.17 
0.31 
0.00 

340.00 
b30.00 
1200.00 
2700.00 

0.00 
340.00 
630.00 
1200.00 
2700.00 

0.00 
340.00 
630.00 
1200.00 
2700.00 

0.00 
2500 . 00 
3000.00 
4400.00 
5100.00 
8400.00 
9800.00 
14200.00 

0.00 
2500.00 
3oO0.00 
4400.00 
5100.00 

15 

2950 
2750 
2850 
1950 
2250 
4200 

68 
71 
71 
62 
60 
66 
80 
80 
80 
80 
80 
80 

400 
400 
400 
400 
400 
400 
4 w  
400 
400 
400 
100 
100 
100 
100 
100 
100 
100 
100 

80 
80 
Bo 
80 
80 

15 
296 
293 
212 
2>9 
31 9 
581 
581 

1062 
825 

1 C83 
566 
652 
201 6 

4 
2 
0 
0 
7 
2 
19 
30 
18 
14 
35 
27 

2496 
181 1 
2S83 
2188 
1110 

16 
22 
16 
23 
46 
68 
60 
82 
240 
341 
17 
11 
19 
21 
34 
64 
59 
94 
29 
41 
42 
32 
50 

S P E W  ET AL 1982 
BUCKLQ ET A 1  1981 
8 U C W  ET AL 1981 
B U C K L U  ET A 1  1981 
B U S K L U  E l  AL 1981 
B U C X L U  El AL 1981 
B U C K U  ET A 1  1981 
B U C K L U  ET AL 1981 
BUCKLEI E l  AL 1981 
B U C K L U  0 AL 1981 
S U C K L U  f T  AL 1981 
BUCKLEI E l  AL 1981 
BUCKLEI ET AL 1981 
W C K L U  El AL 1981 
BUCK;LEIEl  AL 1981 
BUCKLEI  E l  AL 1981 
BUCl(LLI El AI. 1981 
BUCKLEI  El A 1  1981 
W C K L U  El AL 1981 
B U C K L U  El A 1  1981 
W C K L U  El AL 1981 
B U C K L U  El A 1  1981 
B U C K L U  El AL 1981 
B U C K C O f 3  AI. 1981 
8UCKI.fR El  AI 1981 
B U C K L U  El A 1  1981 
P I C K E U I S  AND THATCHER 1970 

P l C X E U . 6  AND THATCHER 197D 
P I C K E t l l  AND THATCHER 1970 
P I C K U I . 6  AND THATCHER 1970 
P I C K E U E  AND THATCHER 1970 
O I C K L U E  AND THATCHER 1970 
P I C K E t I E  AND THATCHER 1970 
P1CKEU.S AND THATCHER 1970 
P I C K E U A  AND M A T C H E R  1970 
P I C K L U 1 6  AND THATCHER 1970 
P I C X U R  A N 0  THATCHER 1910 
P I C K E t I . 6  AUD THATCHER 1970 
P I C K E t m  1310 M A T C H E R  1970 
P1CKEt)UC AND THATCHER 19iO 

H O W  U MCU 1980 

PICKU)UC AND T n m m  19x1 

WLMU m MCU 1980 

I(OLMU m ILXU 1980 
WLMU m MCEK 1980 
HOW m MCEK ioao 

n o i w  Y MCEK 1980 

n o m  m MCU 1980 
WLMAN m l u c u  i98n 
HOLMAN m MCEK 1980 
HOLMAN m M C ~ K  1080 

HOLMU U M C L K  1980 
HOLMAN Y M C E K  1980 ’ 

HO’.MU Y M C E K  1980 
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Table 8.1 (Continued) 

om CHtMlCAL YLLlCS PARA4 DOSE NTLSTED I S W Y S C  E665 U f l b n T  SOURCE 

1189 us 11.2 
1190 us 11.2 
11Y1 us 11.2 
1192 us 11.1 
11)) US 11.1 
11Y4 US 11.1 
1195 Us 11.1 
1196 US 11.1 
11Y1 us 11.1 
1198 us 11.1 
1199 us 11.1 
lz00 us 11.1 
1201 US 11.7 
1202 us 11.1 
1203 US 11.1 
1204 us 11.1 
1205 US 11.1 
1206 US 11.1 
1201 US 11.1 
1208 US 11.1 
1209 US 11.1 
1210 us 11.1 
1211 US 11.1 
1212 US 11.1 
1213 US 11.7 
1214 US 13.3 
1215 US 13.3 
1216 US 13.3 
1217 US 13.3 
1218 US 13.3 
121Y US 13.3 
1220 US 13.3 
1221 US 13.3 
1222 US 13.3 
1223 LRS 13.3 
1224 US 13.3 
1225 US 13.3 
1226 MALATHIOY 
1221 MAULATHIOW 
1228 MALAiHIOW 
1229 MALATHlOll 
1230 MALATHION 
1231 MLATHlOW 
1232 MALATHION 
1233 MAC -*"OW 
1234 MALAlnrim 
1235 MALATHION 
1236 MALATHION 
1237 MALATHION 
1238 MALATHION 
1239 MALATHION 
1240 MALATHION 
1241 MALATHION 
1242 METHYUIERI 

m 
m 
m 
m 
m 

m 
m 
m 

m 

F I  

.R 
F I  

F I  
FI 

FI 
F I  
F I  
F I  
F I  

F I  

F I  
F I  

m 
m 

m 
m 
m 
m 
Fn 
F I  
F I  
FM 
F l  
FII 
F I  

FM 
F F  
F F  
F F  
F F  
F F  
F F  
F F  
F F  
F F  
F F  
F F  
F F  
F F  
F F  
FF 
F F  

WIC CHLOR 81 

Fa 

muiz 
m m  
muiz 
HATCH 
HATCH 
HATCH 
HATCH 
HATCH 
HATCH 
HATCH 
HATCH 
MAT1 
)(OUT1 
MORT1 
MORT1 
HORTl 
MORT1 
MOR12 

MORT2 
mrm 
muiz 
mwz 
win2 
muiz 
M U 1 2  
E 665 
E665 
E 663 
E 6 6 5  
E66s 
f 665 

MORT1 
MORT1 

muii 

mwi 
muii 
mwi 
MU12 
M R T Z  
MORT2 
MQRTZ 
MOAT2 
MORT2 
M U 1 2  
MU12 
MU74 
MOR14 
MORT4 
MRT4 
MORT4 
MORT4 
M U 1 4  
MOR14 
E665 

8)00.00 
980 .00  

142OO.00 
0.00 

200.00 
220.00 
310.00 
480.00 
090.00 
510.00 
140.00 

0.00 
60.00 

120.00 
250.00 
530.00 

1090.00 
0.00 

200.00 
:20.00 
310.00 
480.00 
490.00 
510.00 
140.00 

0.00 
20.00 
33.00 
Sb.OO 

101.00 
252.00 

0.00 
20.00 
33.03 
56.00 

lOb.00 
252.00 

0.00 
5.80 
8.W 

10.90 
15.00 
19.30 
24.10 
11.50 
0.00 
5.80 
8.bO 

10.90 
15.00 
19.30 
24.10 
31.50 
0.00 

Bo 
80 
BO 

150 
150 
150 
150 
150 
150 
150 
150 
30 
30 
30 
30 
30 
30 
80 
80 
BO 
80 
BO 
BO 
80 
80 

30 
30 
30 
30 
30 
30 
80 
BO 
80 
80 
80 
80 
80 
80 
40 
40 
40 
40 
40 
40 
40 
40 

29 
58 
80 
11 
9 
5 

11 
b 
5 
b 
5 
1 
b 

10 
10 
1b 

S 
1 
6 
0 
9 

1b 
44 
22 
42 

530 
221 
12 

34 b 
135 

1 
4 

11 
9 
9 
1 
9 

16 
8 
9 

1b 
39 

I) 
15 
4 1  
0 
0 
1 
2 
4 
5 

11 
14 

5il6 

MOLMAN kR0 MACEK 1980 
H O W  M D  M C E K  1980 
HOLMN AID KTLK 1980 
HOLMN MD M C E K  1980 
MOW M O  W E K  1980 
H O W  AID M C L K  1980 
HOLMAN AID MCLK 1980 
H O W  MD M C E K  1980 
HOUUII WD W L K  1980 
HOLMAN AID M C E K  1980 
H O W  W MCLK 1980 
HOLMN AND M C E K  1980 
H O W  Lwo M C E K  1980 
H O W  AND R U C K  1980 
H O W  MD M C E K  1980 
HOLMAN AID M C E K  1980 
HOLMAN AND WCEK 1980 
H O W  AID M C E K  1980 
M O L W  AWD M C E K  1980 
HOLMN AND M C E K  1980 
HOUW AID M C E K  1980 
HOLMAN AID M C E K  1980 
H O W  AND 111SEK 1980 
H O W  AN0 PACLK 1980 
H O W  AID MCEK 1980 
H O L M N  M M C E K  1980 
H O W  AN0 W E K  1980 
H O W  AND MCEK 1380 
HOLMAN AN0 MCLK 1980 
HOLMAN AND M C E K  1980 
HOL)UW A I D  MCLK 1980 
H O L W  AN0 MCEK 1980 
HOLMAN AID M C L K  1980 
H O W  AN0 M C E K  1980 
H O W  AN0 M C E K  1980 
H0l.MAN AND M C E K  1980 
HOLMAN AN0 M C L K  1980 
HERWUTZ 1¶18 
HERMANU12 1978 
HERMANUT2 1Y78 
HERMANUT2 1918 
HERMNUTZ 1Yl8 
HERMANUT2 1Y18 
HERMANUTZ 1Yl8 
HERMANUTZ 1Y18 
HERMANU12 lYl8 
HERMANUTZ ::18 
HLRMNUTZ 1¶78 
HERMANUT2 1918 
HERM!iUTZ I¶?@ 
MERMANU72 1Y78 
H E W U l Z  1978 
HERMANUTZ 1975 
MCKlM E l  A 1  19M 
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lab le  8.1. ( C o n t l n u r d )  . 

OBf CHEMICAL SPECIES PARAM DOSE n E S T E 0  RESPONSE E665 wLI6HT SOURCE 

1243 MTHYUIERCURIC CHLOR 81 
1244 METHYLMRCURIC CHLOR 81 
1245 I T H Y u t R C i R l C  CHLOR 81 
1246 MTHYLMtECURlC CHLOR 87 
1247 M l H Y L M t R C U R I C  CHLOR 81 
1248 M W Y U I E R C U R I C  CHLOR 81 
1249 METtlTrMERCURIC CHLOR 81 
1250 ATHVVIERCURIC CHLOR 81 
1251 I l H Y L M E R C U R I C  CHLOR 81 
1252 RLTHYLMERCURIC CHLOR 81 
1253 R L l H Y W R C U R l C  CHLOR 81 
12% METHYLMERCURIC CHLOR 81 
1255 I T H Y u t R C U R I C  CHLOR B T  
1256 ATHYUICRCURIC CHLOR 81 
1251 METHYLMERCURIC CHLOR 81 
1258 M M I L M E R C U R I C  CHLOR 81 
1259 METHYLMERCURIC CHLOR B T  
1260 MTHYLMERCUR1C CHLOR 81 
1261 MTHYLMERCURIC CHLOR 81 
1262 MTHYLMCRCURIC CHLOR 81 
1263 MIREX FM 
1264 MIREX FM 
1265 MIREX FM 
1266 MIRLX FM 
1267 MIREX FM 
1268 MIREX FM 
1269 MIREX FM 
1270 MIREX FM 
1271 MlRLX FM 
1272 MIREX FM 
1273 MIREX FM 
1274 MIREX FM 
1275 MIREX FM 
127b MIREX FM 
1277 MIREX FM 
1278 MIREX FM 
1279 MIREX FM 
1280 MIREX FM 
1281 MIRCX FM 
1282 MIREX FM 
1283 MIREX FM 
1284 MIREX FM 
1285 MIREX FM 
1286 MIREX FM 
1287 NAPTHALENL FM 
1288 NAPlHALtHf FM 
1289 NAPTHALENE FM 
1290 NAPTHALENE FM 
1291 NAPTHALLNE FM 
1292 N A P l H A L t N f  FM 
1293 NAPTHALLNE FM 
1294 NAPTHALENE FM 
1295 N l  FM 
129b I1 FM 

E665 
E665 
L66S 
E6ts 
E 665 
HATCH 
HATCH 
HATCH 
HATCH 
HATCH 
MORT1 
rnRT1 
rnRT1 
MORT1 
HDRTl 
MORT2 
)(OR12 
WRTZ 
)(OR12 
MORT2 
E665 
E 66s 
E 665 
E 6 6 5  
E6ts  
E66s 
HATCH 
HATCH 
HATCH 
HATCH 
HATCH 
HATCH 
MORT1 
MRTl 
MORT 1 
MORT1 
WRTl 
MORT1 
Iy)RT2 
rnRT2 
WRTZ 
M R T Z  
M R T Z  
MORT2 
HATCH 
HATCH 
HATCH 
HATCH 
HATCH 
HATCH 
HATCH 
HATCH 
E 665 
E 66s 

0.03 
0.09 
0.29 
0.93 
2.93 
0.00 
0.03 
0.09 
0.29 
0.M 
0.00 
0.03 
0.09 
0.29 
0.w 
0.00 
0.03 
0.09 
0.29 
0.¶3 
0.00 
2.00 
3.00 
7.00 

13.00 
34.00 
0.00 
2.00 
3.00 
7.00 

13.00 
34.00 
0.00 
2.00 
3.00 
7.00 

13.00 
34.00 
0.00 

3.00 
7.00 

13.00 
3. 00 
0.00 

130.00 
210.00 
450.00 
850.00 

1840.00 
43EO.CQ 
8510.00 

0.00 
82.00 

2 -00  

200 
200 
200 
100 
200 
12 
12 
12 
6 
6 

100 
100 
100 
100 
100 

2900 
2400 
9W 

2300 
1050 
1w)o 

70 
72 
69 
72 
b3 
67 
80 
60 
Bo 
eo 
80 
80 

500 
so0 
so0 
so0 
500 
500 
500 
500 

‘ 6  
2b 
1 
2 

116 
1 
2 
2 
1 
5 
4 
6 
3 
1 

55 

1 0 ~ 5  
360 
117 
368 
284 
370 
4 

11 
7 

20 
13 
18 
9 

-9  
18 
11 
29 
18 
48 
78 
55 
68 

114 
57 

171 
31 7 

299 
430 
191 
368 

0 

395 
283 
104 
272 
128 
64 

1603 
l i O 4  

MCKIM ET AL 1976 
MCKfM LT AL 197b 
MCKlM ET AL 1976 
MCKIM ET AL 1976 
MCKIM LT AL 1976 
MCKIM ET AL 1976 
MCKIM ET AL 1976 
MCKIM ET AL 1976 
MCKlM ET AL 1976 
MCKlM ET AL 1976 
MCKlM ET AL 1976 
MCKIM ET AL 1976 
MCKlM ET AL 197b 
M K l M  ET AL 1976 
MCKIM ET AL 1976 
M K I M  ET AL 1975 
MCKIM ET AL 197b 
MCKIM ET AL 1976 
MCKIM LT AL 1Y7b 
MCKIM ET AL 1976 
BUCKLER ET M 1981 
BUCKLER ET 1 1 9 8 1  
BUCKLER ET M 1981 
BUCKLER ET M 1981 
BUCKLER ET M 1981 
BUCKLER ET M 1981 
BUCKLER ET M 1981 
BUCKLER ET M 1981 
BUCKLER ET M 1981 
8UCKLfR ET M 1981 
BUCKLER ET M 1981 
BUCKLER ET M 1981 
BilCKLLR ET M 1981 
BUCKLER ET M 1981 
BUCKLLR ET M 1981 
BUCKLER ET M 1981 
8UCKLCR ET M 1981 
BUCKLER ET M 1981 
8UCKLER ET M 1981 
BUCKLER ET M 1981 
BUCKLER ET M 1981 
BUCKLER ET M 1981 
BUCKLER ET M 1981 
BUCKLER ET M 1981 
DEGRAEVE ET M 1982 
OEGRAEVE ET M 1982 
OC6RAEVE ET M 1982 
OEGRAEVL ET K 1982 
DEGRAEVL ET M 1982 
OEGRAEVL E l  M 1982 
OEGRAEVL ET M 1982 
DE6RALVE ET M 1982 
PICKERING 1974 
PICKERING 1978 
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Tib l r  0.1. ( C o n t h u d )  

- 727s 

OU CHUlCAL SKCILS P A W  OOSE WTLSTED RESMIISE EObS YEl6HT WRCL 

ia7 HI 
1298 M I  
1299 M I  
1w W I  
1301 #I 
1 1 2  M I  
1 1 3  HI 
la04 M I  
lJO5 W l  
ltoI I 1  
1307 M I  
1308 M I  
lun W l  
1310 M I  
1311 PI 
1312 P8 
131) P8 

1315 H 
131b P I  
1317 P I  
1318 H 
1J19 P8 
1320 P I  
1321 PO 
1322 P I  
1323 P I  
1 1 4  P I  
1125 P I  
1J2b PB 
1327 H 
1J2I P I  
1129 P I  
1uo P I  
1331 P I  
1332 P I  
1333 P I  

1335 PO 
1#b PU 
1337 PO 
1338 PE . 
1339 PU 
1340 Pe 
1341 P I  
1342 PB 

1344 PB 
1345 H 
134b PB 
1347 PB 
1346 PB 
1349 P I  
1350 PB 

1314 n 

1- n 

1343 PB 

F I  
F I  
tm 
FM 
63 
A 
f I  
f M  
rs 
1s 
I N  
m 
Fa 
111 
81 
11 
I T  
I T  
81 
81 
81 
BT 
81 
I T  
I1 
I T  
81 
I T  
I T  

. I T  
I T  
I T  
I T  
I T  
I T  
I T  
I T  
I T  
I 6  
I 6  
I 6  
I 6  
86 
86 
06 
cc 
cc 
cc 
cc 
cc 
cc 
cc 
LT 
11 

io0.00 
300.00 
710.00 

1600.00 
0.00 

82.00 
180.00 
380.00 
7J0.00 

0.00 
12.00 

180.00 
380.00 
730.00 

0.85 
33.40 
57.60 

119.20 
2J5. 20 
475.40 

0.90 
34.00 
58.00 

119.00 
235.00 
474.00 

0.85 

57.90 
119.20 
235.00 
472.60 

0.90 
34.00 
50.00 

119.00 
235.00 
474.00 

0.00 
12.00 
33.00 
70.00 

120.00 
277.00 
447.00 

0.00 
17.00 
33.00 
75.00 

13b.00 
ZBO.00 
460.00 

0.00 
48.00 

33.45’ 

lo00 
1100 
1 200 
1 J00 
2100 

50 
50 
50 
50 
50 

724 
710 
250 
687 
3 2  
2b2 
10 
10 

5 
10 
10 
10 

200 
zoo 
150 
150 
100 
50 

72 
45 
50 
75 

1 J25 
7 
4 
J 
4 
3 

13 
140 
52 
99 

264 
1 E9 

3 
0 
0 
3 
2 
2 

31 
23 
9 
3 
b 

40 

1320 
1198 
498 

3b 

479 
4b7 
233 
4Bo 
5s5 
1 0  

PICKER119 1974 
FICKLRIH6 1974 
PlCKLRIW 1974 
PICKER119 1974 
PlCKERl# 1974 
PICKCRIM 1974 
PlCKERllO 1974 
PICKERl# 1974 
PlCKERlM 1974 
PlCKLRl19 1974 
PlCKfRI# 1974 
PICKERIW 1971 
P l C K L R l ~  1974 
PICKERl# 1974 
HOLCOUL ET AL 197b 
HOLCU68f ET AL 1976 
H0LCo)oC ET AL 197b 
H0LCo)Iu. ET AL 1976 
H O L C W  LT AL 197b 
HOLCWE ET AL 197b 
HOLCOMBL ET AL 197b 
MLCOML ET AL 197b 
MLCOWE ET AL 197b 
M L C W C  ET AL 197b 
HOLCUBE ET AL 197b 
HOLEOMEL ET AL 1976 
HOLCUIE ET AL 1976 
W L C W E  ET AL 197b 
HOLCMBE ET AL 1976 
HOLCO)(IL ET AL 1976 
WLCOME ET AL 1976 
HOLCWBE ET AL 1976 
HOLtMBE ET AL 1976 
VOLCOME ET AL 1976 
HOLCWE ET AL 197b 
HOLCOME ET A 1  197b 
HOLCOME ET AL 1976 
M L C W E  ET A 1  197b 

0.38 W T E R  ET AL 1976 
0.42 W T E R  ET AL 197s 
0.41 W T E R  ET AL 197b 
0.49 W T E R  ET AL l97b 
0.25 W T L R  ET AL 197b 
0.00 SAUTLR ET AL 1976 
0.00 W T E R  ET AL 1976 
0.24 W T E R  ET AL 1976 
0.23 W T E R  ET AL 197b 
0.24 W T E R  ET AL 1976 
0.23 SAUTER ET A 1  197b 
0.15 W T E R  ET AL 197b 
0.00 W T C R  €1 AL 197b 
0.00 W T E R  ET A 1  1976 
0.18 W T E R  ET AL 1976 
0.19 W T E R  ET AL 197b 
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Table 8.1 (Cont!nutd) 

ORNL-6251 

~~ - 

00s CHEMICAL SPECIES PARAM DOSE NTESTEO RESPONSE E6SS WEIGHT SMCE 

1351 P0 
1352 P0 

1354 PO 
1353 n 
135s n 
1356 n 

1359 n 
1361 n 
1362 n 
1363 n 
i w  n 
1366 rn 
1367 n 

1370 n 

1357 PO 
1356 W 

1360 PO 

1365 fl 

1368 W 
1369 PB 

1371 W 
1372 P8 
1373 P8 
1374 fl 
1375 )B 
1376 pa 
1377 m 
13711 PB 
1371 PB 
1380 P8 
1381 PB 
1382 n 
1383 PENTACHLOROETHANE 

i ~ a 6  PENTACHLOROETHANE 

i38a PEUTACHLOUOETHANE 

1384 PENTACHLOR0ETHANE 
1385 PEKTACHLOROETHANE 

1387 PENTACHLOROETHANE 

1389 PENTACHLOROETHANE 
1390 PENTACHLMMTHANL 
1391 PENTACHLOROETHANE 
1392 PENTAC!iLOROETHANE 
1393 PENTACHLMOETHAIIE 
1394 PENTACHLOROEIHANE 
1395 PENTACHLOROPHENOL 
1396 PENTACHLOROPHENOL 
1397 PENTACHLOROPHENOL 
1398 PENTACHLOPOPIIEHDL 

1401 PCNTACHLOROPHElOL 
1402 PENTACHLOROPHENOL 
1403 PENTACHLOROPHENOL 
1404 PENTACHLOROPHEWOL 

11 
17 
17 
11 
LT 
RT 
I T  
RT 
UT 
UT 
UT 
RT 
I T  
R7 
I T  
RT 
I1 
R7 
I T  
UT 
RT 
UT 
UT 
RT 
UT 
UT 
ys 
ys 
ys 
ys 
ys 
ys 
FM 
FM 
FM 
FM 
FM 
FM 
FR 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 

yE16nT 83.00 
YEIWT 120.00 
Y I W T  198.00 
Y I W T  404.00 
Y l W T  403.00 
wren 0.00 
HATCH 49.00 
HATCN 71 .OO 
HATCH 146.00 
HATCH 250.00 
HA7CH 443.00 
HATCU 672.00 
MORT? 0.00 
MORT2 49.00 
MORT2 71 .OO 
MORT2 146.00 
noun 250.00 
MORT2 443.00 
noun 677.00 
UElwT 0.00 
yL16nl 49.00 
U I W l  11 .00 
Y l W T  146.00 
yEIWT 250.00 
M l W l  443.00 
yE16nT 672.00 
MIIT  0.00 
MIWT 33.00 
W E I I T  67.00 
Y I W T  119.00 
Y E I I T  2S3.00 

MORT2 10.00 
llORT? 900.00 
MORT2 1400.00 
MORT? 2900.00 
)(OUT2 4100.00 
MU12 13900.00 
Y I W T  10.00 
YI6nT 900.00 
YEIbwT 1400.00 
MlIT 2900.04 
Y1I7 4100.00 
WEIGHT 13900.00 
HATCH 0.00 
HATCH 27.20 
HATCH 44.90 
HATCH 73.00 
HATCH 128.00 
HATCH 223.W 
MORT2 0.00 
MORT2 27.20 
MORT2 44.90 
MORT2 73.00 

Y1W 4a3.00 

400 
400 
400 
400 
400 
400 
400 
200 
200 
200 
200 
200 
200 
200 

120 
120 
120 
120 
120 
120 

200 
200 
200 
200 
200 
200 
100 
100 
100 
100 

62 
26 
46 
w 
50 
34 

206 
20 
24 
24 

109 
199 
200 
200 

18 
21 
27 
9 
66 

120 

73 
73 
65 
61 
74 
m 
6 
8 

13 
a 

0.16 W E R  LT A 1  1976 
0.1s U U I E R  ET AI. 197b 
0.13 W E R  ET A 1  1916 
0.00 W L R  ET M 1976 
0.00 S M E R  E l  AL 1976 

U U T E R  E l  M 1976 
S M L R  ET M 197s 
S W I E R  ET AL 1976 
W E B  L7 M 1976 
Y m L R  ET M 1976 
U U I L R  ET M 1976 
S M E R  ET M 1916 
U U I E R  ET M 1976 
U U I E R  ET M 1976 
S M C R  E l  M 1976 
SWTER ET M 1976 
SMIlER E l  M 197b 
S W R  ET M 1976 
S M E R  ET M 1976 

0.71 S11RIR E l  M 197b 
0.67 U l R L R  E l  M 1976 
0.73 U U n R  ET M 1976 
0.70 SAUlER ET M 1976 
0.70 U l R L R  ET M 1976 
0.00 U I R L R  ET M 1976 
0.00 W E R  ET M 1976 
0.19 SAUlER ET M 197b 
0.21 S M E R  ET AL 1916 
0.19 S11RIR ET AL 1976 
0.18 S W R  ET M 1976 
0.07 %ITER ET M 1976 
0.00 SAuTLR ET AL 1976 

A W E 0  ET AL 1984 
AWE0 ET AL 1984 
A W E 0  ET AL 1984 
AMD ET AL 1984 
AHlEI ET AL 1984 
A)IIIL; ET AL 1984 

0.22 AWltD ET AL 1984 
0.23 A W U  ET AL 1984 
0.15 A H X O  ET AL 1984 
0.09 A m  ET A 1  1984 
0.05 A M  ET AL 1984 
0.00 AH)IEI ET AL 1984 

HOLCMBE ET A 1  1982 
HOLtOUlE ET AL 1982 
HOLCU18E ET A 1  1982 
HOLQllsE ET M 1982 
HOLQllsE ET A 1  1982 
HOLCaEE ET A 1  1982 
HOI.CO(BE ET A 1  1982 

HOLCaEE ET A 1  1982 
HOL-E ET AI. I982 

IIOLQIDBE ET AL ieaz 
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l r b l r  8.1. (Cmttnurd) 

I S  C m I c A L  SPECIES PARAM OOSL I I E S T E O  R t S P a s E  Em YLlW SOURCE 

1405 )(nACHLOROPHLIOL 
1406 M~ACHLOROPHflOL 
1407 PUTACHLOROPHL#L 
1400 P€~ACHLOkOPHfDL 
1409 )(nACHLOROPHfY# 
1410 ?WTACHLOROPHfloL 
1411 PUTACHLOROPHEwOL 
1412 ~ACHLOROPHflOL 
1413 PWlETHRIN 
1414 H R M T H R I M  
1415 W T H R I N  
1416 P W l f l H R I N  
1417 PUMTHRlN 
1418 PUETHRIN 
1419 W T H R l N  
1420 P€mTHRlN 
1421 PfcII(WIM 
1422 P€l)lLTHRlN 
1423 m T H R l N  
1424 - T I I N  
1425 )(llQTHRlN 
1426 M I L T H R I N  
1427 ~ T H R 1 N  
1428 Ml)(ilHRIN 
1429 PEUETHRIM 
1430 W T H R l N  
1431 R U O L  
1432 PllUoL 
1433 PWlOL 
1434 PntlOL 
1435 P(ILI0L 
1436 R l u o L  
1437 pM#IL 
1438 PWOL 
1439 W l O L  
1440 p)(woL 
1441 PntlOL 
1442 PWOL 
1443 R l w L  
1444 p#IoL 
1445 p#IoL 
1446 p#IoL 
1447 R l w L  
1448 PI(u0L 
1449 PllUoL 
1450 PnUoL 
1451 PHENOL 
1452 P(Iu0L 
1453 p#IoL 
1454 PWOL 
1455 PHUOL 
1456 PWOL 
1457 PHUOL 
1458 PHUOL 

FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FN 
FM 
FM 
FM 
FM 
FM 
FN 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FN 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
I T  
RT 
R l  
RT 

MORT2 
MORT2 
Y L I I T  
M 16nT 
M l W T  
YL16nl 
YElWT 
M16nT 
HATCH 
HATCH 
nATCn 
HATCH 
HATCH 
HATCH 
MORT2 
MORT2 
man 
man 
MRT2 
Mol2 
YEIWT 
MflWT 
YElWT 
yE16nT 
YE 16nT 
YE16nT 
HATCH 
WTCH 
HATCH 
HATCH 
HATCH 
HATCH 
HATCH 
HATCH 
MRT2 

M R T Z  
RmT2 
M R T 2  
MRlZ 
MOR12 

yEI6nT 
M16Hl 
YE 16HT 
yE16nT 
M16HT 
YLI6nl 
yE16HT 
yEI6nl 
MRT2 

MRTZ 
MORT2 

mniz 

man 

mRiz 

128.00 
223.00 

0.00 
27.20 
44.90 
73.00 

223.00 
0.00 
0.11 
0.10 
0.33 
0.6b 
1.40 
0.00 
0.11 
0.18 
0.33 
0.66 
1.40 
0.00 
0.11 
0.18 
0.33 
0.66 
1.40 
0.00 

230.00 
750.00 

2500.00 
b100.00 

14500.00 
33200.00 
b500.00 

0.00 
230.00 
750.00 

2500.00 
6100.00 

14500.00 
332OO.00 
u500.00 

0.00 
230.00 
750.00 

2500.00 
6190.00 

14500.00 
33200.00 
68500.00 

0.00 
340.00 
540.00 

1100.00 

1121.00 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
60 
60 
60 
60 
60 
60 

500 
500 
500 
500 
500  
500 
500 
500 
30 
30 
30 
30 
30 
30 
30 
30 

200 
200 
200 
200 

79 
100 

10 
3 
8 

10 
14 
10 

5 
2 
2 
2 
4 

59 

91 
a7 
93 

109 
114 
139 
111 
274 
14 
21 
17 
15 
1b 
n 
30 
10 

19 
23 
14 
0 

HOLCOn8L El u 1982 
HOLCWL E l  U 1982 

0.13 HOLCOMC ET U 1982 
0.14 HOLCOW8L ET U 1982 
0.13 HOLCrOC E l  U 1982 
0.11 H0LCO)OE E l  u 1982 
0.11 HOLCML. ET U 1962 
0.00 HOLCOnBE ET U 1982 

SPEHAR ET U 1983 
SPLHAR ET U 1983 
SPfHAR ET U 1983 
SPfHAR ET AL 1983 
SPLHAR ET U 1983 
S P E W  ET U 1983 
SPfHAR ET U 1983 
SPEHAR ET U 1983 
SPLHAR ET U 1903 
S P E W  ET AL 1903 
SPEHAR ET U 1983 
SPEHAR ET u 1983 

0.10 SPEHAR ET U 1983 
0.0) SPLHAR ET u 1983 
0.10 SPEHAR E l  U 1W3 
0.0) SPEHAR ET M 1983 

0.11 SPEHAR ET M 1983 
0.0) s P w R  t i  AL im 

OEBRALVE ET U 1980 
OESRALVE E l  U 1980 
OEBRALVE ET U 1980 
OEBRAEVE E l  U 1980 
OEGRAEVE ET U 1980 
OEBRAEVE ET U 1980 
OLBRAEVE E l  U 1980 
OEBRAEVE ET U 1980 
OESRAEVL ET U 1980 
OEBRAEVE ET U 1980 
OCGRAEVE E l  U 1980 
OL6RAfVE ET U 1980 
OEBRAEVE ET U 1980 
OEBRAEVE E l  U 1980 
OEGRAEVE E l  U 1980 
OE6RACVE E l  U 1980 

0.27 OEGRAEVE E T  U 1980 
0.18 OEGRAEVE ET U 1980 
0.25 OEBRALVE E l  U 1980 
0.19 OESRAEVE E T  AL 1980 
0.15 OESRALVL E l  U 1980 
0.10 OEBRALVE E T  U 1980 

OL6RAEVE ET U 1980 
OEBRALVE ET U 1980 
OESRALVL E T  AL 1980 
O E I A E V L  ET U 1980 
OEBRACVE E T U 1980 
OEBRAEVE El U 1980 



200 

Tabla 1.1. (Continurd) 

ORWL-6251 

OU CHtMlCAL 5PLCILS PARAM DOSE NTLSlEO R L S P W  L86S MIWT W R C L  

1419 PHENOL 
14bO PHENOL 
14b1 PHENOL 
14b2 PHENOL 
1 4 0  PHENOL 
1464 WCNOL 
11b5 PHENOL 
14bb WLNOL 
14b7 PHENOL 
1 4 0  PHENOL 
14b9 PHENOL 
1470 PHENOL 
1471 PHENOL 
1472 PHENOL 
147) PHENOL 
1474 PHENOL 
1475 PHENOL 
147b PHENOL 
1477 PHENOL 
1471 PHENOL 
1479 PHENOL 
1480 PHENOL 
1481 PHENOL 
1482 PHENOL 
1403 PHENOL 
1404 PHENOL 
1405 PHENOL 
1406 PHENOL 
1407 PHENOLS 
1 4 1  PHENOLS 
1409 PHENOLS 
1490 PHENOLS 
1491 PHfNOLS 
1492 PHENOLS 
1493 PHENOLS 
1494 PHENOLS 
1495 PHENOLS 
1496 PHENOLS 
1497 PHENOLS 
1490 PHEWOLS 
1499 PICLORAW . 
1500 PICLORAW 
1501 PICLORAM 
1502 PICLORAM 
1503 PICLORAM 
1504 PICLORAM 
1505 PROPANIL 
1506 PROPANIL 
1507 PROPANIL 
1508 PROPANIL 
1509 PROPANIL 
1510 PROPANIL 
1511 PROPANIL 
1512 PROPANIL 

I1 
I1 
I1 
RT 
R 1  
RT 
RT 
I1 
I1 
RT 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
f 4  
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
LT 
LT 
LT 
LT 
LT 
L1 
FH 
FM 
FM 
FM 
FM 
FM 
FM 
FM 

m12 
w12 
m 1 2  
UfIW 
Mloln 
UflW 
MIWT 
MlWl 
MIW 
YEIoln 
HAlW 
HATCH 
HATCH 
HATCH 
HATCH 
HATCH 
m 1 2  
mnl2 
m 1 2  
m12 
m 1 2  
mnl2 
M 1 W l  
MIUT 
MIUT 
yE1Wl 
MlYn 
YEIW 
E M  
E665 
E665 
E665 
E 66f 
E665 
MIWT 
MIWT 
YE l W l  
M1W 
Yt1WT 
MlWT 
MIIT 
M l W T  
MIWl 
MIWT 
YEIWl 
MlWl  
HATCH 
HAlCH 
HATCH 
HATCH 
HATCH 
HATCH 
MOR12 
MORT2 

2000.00 
5900.00 

13100.00 
0.00 

J40.00 
540.00 

1100.00 
' 2000.00 

5900.00 
13100.00 

0.00 
240.00 
450.00 
110.00 

1130.00 
3570.00 

0.00 
240.00 
450.00 
110.00 

1810.00 
3570.00 

0.00 
240.00 
450.00 
910.00 

3570.00 
0.00 

60.00 
130.00 
250.00 
560.00 

1210.00 
0.00 

60.00 
130.00 
250.00 
560.00 

1210.w 
0.00 

35.00 
75.00 

248.00 
500.00 

1oO0.00 
0.00 
0.40 
0.60 
1.20 
2.40 
3.00 
0.00 
0.40 

10!0.00 

200 
200 
200 

200 
200 
200 
200 
200 
200 
100 
100 
100 
100 
100 
100 
100 
100 

100 
100 
100 

200 
200 
200 
200 
200 

60 
60 

134 
94 

200 

23 
17 
15 
23 
19 
14 
21 
25 
2b 
27 
26 
13 

53 
48 
74 

89 
161 

4 
16 

e5 

DE I 
DE 1 
DE I 

1.57 DEI 
1.31 Dff 
1.11 D(1 
0.96 811 
0.91 oL1 
0.46 DE1 

O f  1 
YOI 
mi 
mi 
mi 

mi 

mi 
mi 
mi 

0.10 mi 

noi 

ml 
wu 
Mol 

0.10 not 
0.10 not 
0.10 ml 
0.10 Mol 
0.08 Mol 

270 w 
182 w 
91 w 

202 MI 

IALVL El AL 1 
IAEYL El A 1  1 
IALVL E 1  A 1  1 
IAEVE E l  A 1  1 
UEVL ET AL 1 
IAEVL E l  AL 1 
IAEVE E l  A 1  1 
ULVE E l  AL 1 
IALVL E l  AL 1 
IAEVE E l  AL 1 
:WOE E l  A 1  1 
:WOE El AL 1 
:OWE ET A 1  1 
:WOE ET A 1  1 
:0)(1c E l  AL 1 
:W8L El A 1  1 
:WOE ET A 1  1 
:WOE E l  15 1 
:WOE El A 1  1 
:WOE E l  A 1  1 
:WOE E7 AL 1 
:OMBE ET AL 1 
:WOE ET AL 1 
:WOE ET AL 1 
:OMBE E l  A 1  1 
:W8L ET AL 1 
:M8E E l  AL 1 
:OM8E El AL 1 
ILC LT AL 194 
ILL E l  AL 191 

ILC ET A 1  l9I 
ILL ET AL lea 

.E 

.E 

.f 

.E 

.E 

.E 

.E 

.E 
)II 
u 
I 
I 
u 
u 
E 
E 
f 
E 
E 
E 
t 
E 

i f  
il 
I 
il 
il 
u 
)I u 
u 
ir 
.I 
.t 
.t 
.C 
.C 
.t 
.t 
.t 
.t 
.t 
.C 
.C 
.C 
.C 
.C 
.C 
.t 
.t 
I 
1 
18 
10 

50 wet 
0 ~ 1 ~ 9 8 1  

20.40 W 8 t  
16.80 WOt 
23.10 ON81 
11.50 MU81 
13.60 W 8 1  
6.80 Wet 

373.00 Wooh 
233.00 -oh 
154.00 Wow 
117.00 Wow 

WoL 
mom 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 

11 
i9 
11 
11 
9 
1 
9 
II 
'I 
19 
11 
II 

9 
1 
9 
9 
9 
9 
9 
1 
9 
1 
1 
1 
9 
9 
9 

13 
13 
13 
13 

; ET AL 1903 
; ET AL 1903 
; ET AL 1903 

: LT AL 1903 
, LT A 1  1903 
; ET AL 1983 
; ET AL 1903 
rR0 1976 
,110 1976 
rRO 1976 
IRO 1976 
rR0 1976 
IRO 1976 
.T AL 1983 
.l AL 1983 
:l AL 1983 
:T AL 1903 
:T A 1  1983 
:T AL 1983 

:l AL 1983 

; ET AL ige3 

;T AL 1983 

10 
IO 
IO 
IO 
IO 
IO 
10 
IO 
IO 
IO 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 

12 
12 . 
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Table 8.1. (Conttnucd) 

08s CHEMIW SPECIES PARM 00SE NlESTEI RESPONSE E66S YElWT SOURCE 

1513 PROPANIL FM 
1514 PROPANIL FM 
1515 PROPANIL FM 
1516 PROPANIL FM 
1517 PROPANIL FM 
1518 PROPANIL FM 
1519 PROPWIL FM 
1520 PROPWIL FM 
1521 PROPANIL FM 
1522 PROPANIL FM 
1523 PYDRlN FN 
1524 PYORIW FM 
1525 PYDRlN FM 
1526 PYDRIY FM 
1521 PYORlN FM 
1528 PYDRIN FM 

1530 TETRACHLOIIOETHYLEML FM 
1531 TLTRACHUIROfTIYLCME FM 
IS32 TETRACHIBROETHYLEWE FM 
1533 TETRACHLOIIOETHYLEWE FM 
1534 TETWHLOROLTHYLENE FM 
1535 TETRACHLOIIOLTHYLEWE FM 

1531 TETRACHLOROETHYLEWE FM 
'1538 TETRACMOROLTHYLENE FM 
1539 TElRACHLOROETHYLENE FM 
1540 TOXAFHENE 81 
1541 TOXAPHENE 87 
1542 TOXAPHENE 8 I  
1543 TOXAPHENE I T  
1544 TOXAPHENE I T  
1545 TOXAPHENE 81 
1546 TOXAPHENE 81 
1547 TOXAPHENE 81 
1548 TOXAPHEWE 81 
lS49 TOXAPHENE 87 
1550 TOXAPHENE 81 
1551 TOX4PHENE 81 
1552 TOXAPHENE 87 
1553 TOXAPHENE 81 
1554 TOXAPHEWE 81 
1555 TOXAPHENE 81 
155b TOXAPHE NE 81 
1551 TOXAPHENE 81 
1558 TOXAPHENE 81 
1559 TOXAPHENE 81 
15bO TOXAPHEWE 81 
15b1 TOXAPHENE 81 
1562 TOXAPHENE 81 
15b3 TOXAPHENE 81 
1 5 M  TOXAPHENE cc 
15b5 TOXAPHENE CC 
1566 TOxAPnENE CC 

1529 T ~ m c n ~ r n ~ i w L E n E  FM 

1536 T E i w n L o u o E i n v L w  FM 

maiz 
MRT2 
M R T Z  
NOR12 
M I W 7  
YE 1WT 
YE IWT 
yE16nT 
yT16nl 
yE16nl 
Ma12 

MRT2 
MORT2 
M R T Z  
Ma12 

M R l t  
NOR12 

M R T Z  
yElWT 
M 1 W l  
YEIWl 
YIWIT 
YEIQT 
YEIGHT 
t66s 
E 6GS 
E665 
E6GS 
E665 
E665 * 
NOR11 
MORT1 
)(OR1 1 
MRTl  
NOR11 
m1 1 

MORT2 
MORT2 
M R T 2  
MORT2 
MORT2 
YE16HT 
YE IWT 
YE 1QT 
YE 16HT 
MIGHT 
YE I Q T  
HATCH 
HATCH 
HATCH 

man 

ma12 

NORl2, 

0.bO 
1.20 
2.40 
3.80 
0.00 
0.40 
0.bO 
1.20 
2.40 
3.80 
0.00 
3.14 
0.17 
0.19 
0.33 
0.43 
0.00 

1400.00 
2800.00 
4100.00 
8boo.00 

0.00 
500.00 

1400.00 
2800.00 
4100.00 
8M)o.oo 

0.00 
0.04 
0.07 
0.13 
0.27 
0.50 
0.00 
0.04 
0.07 
0.13 
0.27 
0.50 
0.00 
0.04 
0.01 
0.13 
0.27 
0.50 
0.00 
0.04 
0.07 
0.13 
0.27 
0.50 
0.00 
0.05 
0.07 

bo 
bo 

bo 
m 

30 
30 
30 
30 
30 
30 

120 
120 
120 
120 
120 

24 
24 
24 
24 
24 
24 

200 
200 
200 
200 
200 
200 

1 800 
1500 
1200 

30 
50 
60 
60 

3 
8 
3 
2 
7 

22 
b 

20 
74 

120 
120 

855 

51 b 
542 
4b2 
b11 

w i  

0 
2 
2 
2 

12 
24 

128 
1 bb 
15b 
1M 
200 
Mo 

12b 
75 
84 

CALL E l  AL 1983 
CALL ET AL 1983 
CALL E 1  AL 1983 
CALL ET AL 1983 

0.59 CALL E l  AL 1983 
0.5b CALL ET AL 1983 
0.49 CALL ET AL 1983 
0.45 CALL E l  A 1  1983 

CALL ET AL 1983 
CALL ET AL 1983 
SPEW ET AL 1982 
5PEHAR ET AL 1982 
SPEHAR ET AL 1982 
SPLHAR ET AL 1982 
SPEHAR ET AL 1982 
SPEW ET A 1  1982 
AHME0 ET AL 1981 
AHMED ET AL 1984 
AIMED ET AL 1984 
AHHE0 ET A 1  1984 
AHMED ET AL 1984 

0.2b A M 0  ET AL 1984 
0.25 AIMED E l  A 1  1984 
0.18 AWED ET A 1  1984 
0.12 AHNED ET AL 1984 
0.00 AH)(LD E l  A 1  1984 
0.00 AHMEO ET AL 1984 

MYER ET AL 1975 
M Y E R  E l  AL 1975 
MYER ET AL 1975 
M Y E R  E l  A 1  1975 
MYER ET AL 1975 
M Y E R  E l  AL 1975 
I U Y E R  ET AL 1975 
I U Y E R  ET AL 1975 
MYER E 1  AL 1975 
M Y E R  ET AL 1975 
M Y E R  ET AL 1975 
M Y E R  ET A 1  1973 
I U Y E R  ET A 1  1975 
M Y E R  ET AL 1915 
M Y E R  ET AL 1975 
M Y E R  ET AL 1975 
M Y E R  ET AL 1975 
M Y E R  E7 AL 1975 

0.70 MAYER E l  AL 1975 
0.37 MYER ET A t  1975 
0.51 M Y E R  ET AL 1915 
0.40 IUYER E l  AL 1975 
0.00 MAYER E l  AL 1915 
0.00 MAYER ET AL 1975 

M Y E R  ET AL 1917 
MAYER E l  AL 1977 
M Y E R  E l  AL 1911 
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Table 8.1. (Continued) 

~ ~~~~ 

085 CHEMICAL SPECIES PARM DOSE NTESTEO RESPWSE E665 NEIGH1 SOURCE 

15b7 TOXAPHENE 

1569 TOXAPHE NE 
1570 TOXAPHENE 
1571 TOXAPHENE 
1572 TOXAPHENE 
1573 TOXAPHENE 
1574 TOXAPHENE 
1575 TOXAPHENE 
1576 TOFAPHENC 
1577 TOXAPHENE 
1578 TOXAPHENE 
1579 TOXAPHENE 

i56e TOXAPHENE 

i5eo TOXAPHENE 
i s e i  TOXAPHENE 
1582 lOXAPHLNE 
1583 TOXAPHENE 
1584 TOXAPHENE 
1585 TOXAPHENE 
1586 TOXAPHE NE 
1587 TOXAPHE NE 

1569 TOXAPHENE 
1590 TOXAPHE NE 
1591 TOXAPHENE 
1592 TOXAPHENE 
1593 TOXAPHENE 
1594 TOXAPHE NE 
1595 TOXAPHFHE 
159b TOXAPHLX 
1597 TOXAPHENE 
1598 TOXAPHE NE 
1599 TOXAPHENE 
1bw TOXAPHENE 
1601 TOXAPHENE 
1b02 TOXAPHENE 
1b03 TOXAPHENE 
lbO4 TOXAPHENE 
lbO5 TOXAPHENE 
1 U 6  TRIFLURALIN 
1b07 TRIFLURALIN 
1bO8 TRIFLURALIN 
1bO9 TRIFLURALIN 
1b10 TRlFLURAllN 
1611 TRIFLURALIN 
1b12 TRIFLURALIN 
1b13 TRIFLURALIN 
161 4 TRIFLURALIN 
1615 TRIFLURALIN 
161b TRIFLURALIN 
1617 TRIFLURALIN 
1618 VMAOlUn 
1b19 VAIUOIW 
1620 V W O l U n  

1588 TouPnt iE 

cc 
cc 
cc 
cc 
cc 
cc 
cc 
cc 
cc 
cc 
cc 
cc 
cc 
cc 
CC 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FV 

kh 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FF 
FF 
F F  

r y  

HATCH 
HATCH 
HATCH 
MI11 
MORT1 
M R T I  
WRTl 
M R T l  
M R T 1  
yEI6nT 
yEI6nT 
YE16nT 
YE IQT 
YE16HT 
YE IGHT 
(66s 
E665 
E 665 
E665 
€665 , 
E665 
HATCH 

HATCH 
HATCH 
HATCH 
HATCH 
MORT1 
MORT1 
MORT1 
MORT1 
MORT1 
MORT1 
Y(16nT 
YElQT 
YEI6nT 
yEI6nT 
ycI6nT 
yE16nT 
HATCH. 
HATCH 
HATCH 
MORT! 
MORT1 
WRTl 
MORTl 
MORTl 
MOR11 
MOR12 
MORT2 
MORT2 
YE IGHT 
YEIQT 
u f16nT 

urcn  

0.13 
0.30 
0.b3 
0.00 
0.05 
0.07 
0.13 
0.30 
0.b3 
0.00 
0.05 
0.07 
0.13 
0.30 
0.b3 
0.00 
0.01 
0.02 
0.05 
0.10 
0.17 
0.00 
0.01 
0.02 
0.05 
0.iO 
0.17 
0.00 
P.01 
0.02 
0.05 
0.10 
0.17 
0.00 
0.01 
0.02 
0.05 
0.10 
0.17 
0.00 
1.90 
5.10 
0.00 
1 S O  
1.90 
5.10 
8.20 

1b.50 
0.00 
1-90 
5.10 
0.00 

41.00 
170.00 

1 eo0 

e 

e 

1200 
1200 

8 

8 
8 
8 

50 
50 
50 
50 
50 
50 
20 
20 
20 
20 
20 
20 

100 
100 
100 
30 
30 
30 
30 
30 
30 

120 
160 

eo 

180 

300 
0 
1 
1 
1 
0 
2 

1 oe 

23b 
125 
1 b5 
bo4 
301 
258 

1 

1 
1 

9 
1 
3 
1 
5 
2 
1 

9 
15 
19 

5 
8 
8 

21 
30 
30 
13 
53 
4b 

M Y E R  ET AL 1Y77 
M Y E R  ET A 1  1Y77 
M Y E R  ET AL 1Y77 
M Y E R  ET A 1  1Y77 
M Y E R  ET AL 1Y77 
M Y E R  ET A 1  1177 
M Y E R  ET AL 1Y77 
MYER ET AL 1Y77 
M Y E R  ET AL 1Y77 

0.13 M Y E R  ET A 1  1Y77 
0.11 M Y E R  ET A 1  1Y77 
0.13 M Y E R  ET AL 1Y77 
0.11 M Y E R  ET A 1  1Y77 
0.09 M Y E R  ET AL 1Y77 
0.10 M Y E R  ET A 1  1Y77 

M Y E R  ET AL 1Y77 
M Y E R  ET A 1  1¶77 
M Y E R  ET A 1  1Y77 
M Y E R  ET AL 1Y71 
M Y E R  ET AL 1Y77 
M Y E R  ET A 1  1Y77 
M Y E R  ET A 1  1177 
MYER ET AL 1977 
M Y E R  ET AL 1Y77 
M Y E R  ET A 1  1977 
M Y E R  ET A 1  1Y77 
M Y E R  ET AL lY77 
M l E R  ET AL 1977 
M Y E R  ET AL 1177 
a Y E R  ET AL 1Y17 
M Y E R  ET AL 1Y77 
M Y E R  ET A 1  1977 
M Y E R  ET A1 1Y77 

0.17 M Y E R  ET AL lY77 
0.16 M Y E R  ET A 1  1977 
0.17 M Y E R  ET A 1  1Y77 
0.16 M Y E R  ET A 1  1977 
0.15 M Y E R  ET AL 1Y17 
0.15 M Y E R  ET A 1  1Y77 

M C E K  ET A 1  197bC 
MCEK ET AL 197% 
M C f K  E T  AL 197bC 
MCEK ET AL 1976C 
M C E K  ET AL 197bC 
W E K  ET AL 191bC 
W E K  ET A 1  197K 
M C E K  ET AL 197K 
W E K  ET AL 197K 
W E K  ET A 1  197bC 
MCEK ET A 1  197bC 
M C E K  ET AL 197bC 

0.00.1rCDwY AM0 S W E  1979 
0.01 H)LWAY AN0 S W E  1979 
0.00 IOCWAY AN0 S P P I Q E  1979 
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Table 8.1. (Continued) 

OBS CHLMICAL SPECKS PAUM OOSt ITLSTED UESPO)SE L 6 h f  MlWT SOURCL 

1621 V U A D I U I  
1622 V41AOIUl 
1623 2 1  
1624 2 1  
1625 ZN 
1626 ZN 
1 1 1  21 
1628 2 1  
1629 ZW 
1630 2 1  
1631 2 1  
1632 2 1  
1633 U 
1634 2 1  
1635 U 
1636 2 1  
1631 Z I  
1638 2 1  
1639 U 
1640 2 1  
1641 2 1  
1642 ZN 
1643 U 
1644 2 1  
1645 2 1  
1646 2 1  
1641 2 1  
1648 2 1  
1649 2 1  
1650 21 
1651 2 1  
1652 W 
1653 2 1  
1654 W 
1655 21 
1656 W 
1657 1W 
1658 2 1  
1659 2 1  
1660 2 1  
1661 2 1  
1662 2 1  
1663 2 1  
1664 21 
1665 2 1  
1666 W 
1661 2 1  
1668 2 1  
1669 2 1  
1670 2 1  
161J 31 
1612 2 1  
1613 W 
1614 2 1  

f F  
f F  
F 1  
FM 
FM 
FM 
FM 
f M  
FM 
FM 
FM 
FM 
FM 
FM 
FM 
fM 
FM 
f M  
FM 
f M  
FM 
FM 
fII 
f M  
F I  
FM 
FM 
81 
81 
81 
81 
81 
81  
6 
6 
6 
6 
UT 
UT 
UT 
UT 
UT 
UT 
UT 
UT 
UT 
UT 
ut 
UT 
UT 
UT 
FF 
FF 
fF  

YE IWT 
Y(I0IT 
HATCH 
HATCH 
HATCH 
HArcn 
HATCH 
mu12 
mu12 
)#UT2 
mu12 
WUT2 
E665 
E W S  
Em 
t66f 
E665 
EWS 
HATCH 
HATCH 
HATCH 
HATCH 

mu12 
MRT2 

nmn 

mu12 
WATZ 
mRT2 
ROUT2 
ROUT2 

mu12 

MIGHT 
MIWT 
MIWT 
M l Q T  
HATCH 
HATCH 
HATCH 
HATCH 
HATCH 
HATCH 
HATCH 

WUT2 
mu12 
ROUT2 
#)UT2 
mu12 
MORT2 
E 6 6 s  
E665 
E665 

mu12 

mu12 

mu12 

480.00 
1500.00 

2.00 
44.00 
78.00 

145.00 
295.00 

2.00 
44.00 
78.00 

145.00 
295.00 
30.00 

1110.00 
350.00 
670.00 

1300.00 
2800.00 

30.00 
180.00 
660.00 

1300.00 
2800.00 

30.00 
180.00 
660.00 

1300.00 
2.60 

39.00 
69.00 

144.00 
266.00 
534.00 

0.00 
113.00 
328.00 
601.00 

2.00 
11 -00 
36.00 
11.00 

140.00 
260.00 
541.00 

2.00 
11.00 
36.00 
71.00 

140.00 
260.00 
541.00 
10.00 
28.00 
41.00 

16863 
14341 
12913 
21 58 

694 
100 
100 
100 
100 
100 

442 
345 
425 
408 
47s 
366 
318 
392 
381 
100 
100 
100 
100 
100 
100 

50 
48 

. 48 
48 
48 
48 
48 
48 
47 
46 
46 
46 
46 
46 

981 
620 
921 
455 
51 2 

2 
2 
2 

18 
82 

1532 
261 
34 
9 

12 
0 

16 
21 
33 
27 
0 

42 
11 
28 

232 
4 

10 
3 

11 
5 
2 

2 
1 
2 
1 
1 
2 
2 
6 
4 
6 
5 
5 
9 

25 
484 
280 
422 

7273 

0.00 HOLOYIY U D  SPUAWE 1979 
0.00 HOLDYIY MUD SPYAWE 1979 

B f l O l T  UO HOLCORBE 1978 
8ENGlT M H0LCO)lBL 1978 
BElOlT M HOLCan8E 1978 
BENOIT M HOLCoI8f 1978 
BEMOIT M HOLCrnE 1978 
8CNOST AID HOLCO(BE 1918 
BENOIT AID HOLCrnE 1918 
8ENOIT M H0LEO)lBE 1918 
BLWOlT M HOLCOlsE 1978 
BENOIT AID HOLCO((BE 1978 
8RW65 1969 
OUu116S 1969 
BUW65 1969 
BRIM65 1969 
BUW(6S 1969 
BUWbf 1969 
8UUW6S 1969 
8UW65 1969 
8UW6S 1969 
BUUW6S 1969 
BRU165 1969 
BRU165 1969 
BUW6S 1969 
8UUN65 19m 
8RU16S 1969 
HOLCWE ET AL 1919 
HOLCOME CT AL 1919 
HOLCO)(BE E l  AL 1979 
HOLCOI(BE ET AL 1919 
HOLCWC E l  AL 1919 
HOLCOME ET AL 1919 

0.03 PILRSW 1981 
0.02 PIEUSOW 1¶81 
0.02 PIEUSON 1911 
0.01 PltUSOn 1981 

SINLEY ET M 1974 
SIWLLY ET AL 1914 
SINLEY ET AL 1974 
SIMLLY LT AI. 1914 
SIILEY ET AL 1914 
SINLEY LT M 1974 
SINLEY ET AL 1914 
SIWLEY LT M 1974 
SINLEY ET M 1974 
SIILLY ET M 1914 
SIILLV LT M 1974 
SINLEY ET AL 1914 
SfNLEY C l  AL 1914 
SIWLEY f l  AL 1914 
SPEHAR 1976 
SPLHAR 1916 
SPEHAR 1916 
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Table 8.1. (Continued) 

I 

08s CHEMICAL SPECIES PARAW DOSE NTESTLO RESPONSE E665 YLIGHT SOURCE 

1675 ZN FF 
1676 ZN FF 
1677 2 1  F F  
1678 ZN FF 
1679 ZN F F  
1680 ZN FF 
1681 ZN . FF 
1682 ZN FF 
1683 211 FF 
1684 2 1  FF 
1685 ZN FF 
1686 ZN FF 
1687 2 1  FF 
1688 1.1.2-TRlCHLOROETHAN FM 
1689 1.1.2-TRICHLOROLTHAN FM 
1690 l,l,2-TRlCHLOROElHAN FM 
1691 1.1.2-TRICHLOROETHAN FM 
1692 1.1.2-TRICHLOROETHAN FM 
1693 1 ,1.2-TRICHLOROETHAN FM 
1694 1.1 .Z-TRICHLOROEl)IAII FM 
1695 1.1 ,2-TRlCHLOROElHAN FM 
1696 l,l,2-TRlCHLOROElHAN FM 
1697 1.1.2-TRICHLOROEIHAN FM 
1698 l,l,2-TRlCHLOROElHAN FM 
1699 1.1.2-TRICHLOROE’”AN FM 
1700 1.1.2.2-TLTRACHLOROE FM 
1701 1.1.2.2-TETRACHLORO: FM 
1702 1.1.2.2-TETRACHLOROL FM 
1703 1.1.2.2-TETRACHLOROE FM 
1704 1 .l.Z.Z-TETRACHLOROL FM 
1705 1.1.2.2-TETRACHLOROL FM 
1706. 1 ,1,2.2-TfTRACHLOROE FM 
1707 1,1.2.2-TETRACHLOROE FM 
1708 1.1.2.2-TETRACHLOROL FM 
1709 1.1 .Z.Z-TCTRACHLOROC FM 
1710 1.1.2.2-TETRAiHLOROL FM 
1711 1.1.2.2-TETRACHLOROC FM 
1712 1.2-OICHLOROLTHANE FM 
1113 1.2-OICHLOROETHANE FM 
1714 1.2-OICHLOROETHANE 
1715 1.2-OICHLOROElHANE 

1718 1 ;2-OlCHLORO~THANE 
1719 1.2-OICHLOROETHANE 
1720 1.2-OICHLOROETHANE 
1721 1.2-OICHLOROEIHANE 
1722 1.2-OICHLOROLTHANE 
1723 1.2-OICHLOROETHANE 
1724 1.2-OICHLOROLTHANE 
1725 1.2-OICHLOROETHANE 
1726 1.2-OICHLOROE IHANC 
1727 1.2-OICHLOROETHANL 
1728 1.2-OICHLOROLIHANE 

FM 
FM 
.FM 
FM 
FM 
FM ’ 

FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 
FM 

E 665 
E 6 6 5  
HATCH 
HATCH 
HATCH 
WTCH 
HAICH 
)(OUT1 
MOR11 

MOR11 
MORT1 
MOR11 
MORT2 
MORT2 
MORT2 
MOR12 
MORT2 
MOR12 
YE IGHT 
WElWT 
Y(16Hl 
WElWT 
WEIWT 
YE 1WT 
MORT2 
MOR12 
MORT2 
NOR12 
MORT2 

YE IWT 
YE 16HT 
YE 16Hl 
t f f l6HT 
YE IWT 
YE 16HT 
HATCH 
HATCH 
HATCH 
HAICH 
HATCH 
HATCH 
MOR12 
MORT2 
MOR12 
MORT2 
MOR12 
MOR12 
YLIWT 
YLIWT 
YClGHT 
WEIGHT 
YE IWT 

mmi 

75.00 
139.00 
10.00 
28.00 
47.00 
75.00 
139.00 
10.00 
28.00 
47.00 
75.00 
139.00 
267.00 
50.00 

2000.00 
6000.00 
14800.00 
48000.00 
147ooo.00 

50.00 
2000.00 
6000.00 
14840.00 
48000.00 
147000.00 

12.00 
1400.00 
4000.00 
6800.00 
13700.00 
28400.00 

12.00 
1400.00 
4000.00 
6800.00 
13700.00 
28400.00 
300.00 
4000.00 
7000.00 
14000.00 
29000.00 
59000.00 
300.00 
4000.00 
7000.00 
14 000.00 
29000.00 
59000.00 
300.00 
4000.00 
7000.00 

14000.00 
29000. 00 

40 
40 
40 
40 
40 
60 
60 
60 
60 
60 
60 
120 
120 
120 
120 
120 
120 

120 
120 
120 
120 
120 
120 

120 
120 
120 
120 
120 
120 
60 
60 
60 
60 
60 
60 

296 
36 

12 
10 
1 1  
16 
1 1  
6 
8 
3 
1 
15 
57 
0 
0 
6 
0 
27 
120 

6 
0 
6 
6 

105 
120 

23 
23 
27 
33 
25 
25 
5 
3 
5 
5 
2 
6 

SPEHAR 1976 
SPEHAR 1976 
SPEHAR 1976 
SPEHAR 1976 
SPEHAR 1976 
SPEHAR 1976 
SPEHAR 1976 
SPEHAR 1976 
SPEHAR 1976 
SPEHAR 1976 
SPLHAR 1976 
SPEHAR 1976 
SPEHAR 1976 
AWE0 ET A 1  1Y84 
AHMLO ET A 1  1984 
W E 0  ET A 1  1Y84 
AHMEO ET A 1  1Y84 
AHMLO ET A 1  1984 
AHMEO ET A 1  1984 

0.14 AMLO ET A 1  1984 
0.15 M E 0  ET A 1  1984 
0.14 W E 0  ET A 1  1984 
0.12 W E 0  ET A 1  1984 
0.04 AHMEO ET A 1  1984 
0.00 AHMEO ET A 1  1984 

AWLO ET A!. 1984 
A M E O  ET A 1  1984 
AHMLO ET A 1  1984 
AHMEO ET A 1  1984 
AHME0 ET A 1  1Y84 
W E D  ET A 1  1984 

0.19 AWED El A 1  1984 
0.19 AHMLO ET A 1  1984 
0.15 AHMLO ET A 1  1984 
0.14 A M L O  ET A 1  1984 
0.02 AHME0 El A 1  1Y84 
0.00 AWED ET A 1  1Y84 

BENOIT ET A 1  1982 
BEN017 ET A 1  1982 
8ENOlT ET A 1  1982 
BEN017 ET A 1  1982 
BENOIT ET A 1  1982 
BENOIT ET A 1  1982 
8ENOIT ET AL 1982 
8ENOlT ET A 1  1982 
8LNOIT El A 1  1982 
8LNOIT ET A 1  1982 
BENOIT ET A 1  1982 
BENOIT ET A 1  1982 

0.13 BENOIT ET AL 1982 
0.13 BENOIT ET A 1  1982 

0.13 BENOIT ET A 1  1982 
0.12 BENOIT ET A 1  1982 

0.13 aENoiT ET AL 19az 
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Tabla 8.1. (Contlnucd) 

OOS CHEMICAL SPECIES PARM DOSE NTESTfO RESPONSE E6GS WEIGHT SOURCE 

1729 1.2-OlCHLQOfTWL FM 
1730 1.2-OICHLDROPROPANL FM 
1731 1.2-DICHLOROPROPANL FM 
1732 1.2-DICHLOROPROPANE FM 
1733 1.2-DICHLOROPROPANE FM 
1734 1.2-01CHLOROPROPANL FM 
173s 1.2-D1CHLQOPROPANL FM 
1736 1.2-OICHLOROPROPANE FM 
1737 1.2-DICHLOROPROPANE FM 
1738 1.2-DlCHLDROPROPANL FM 
1739 1.2-OICHLOROPROPANE FM 
1740 1.2-D1CHLDRDPROPANE FM 
174: 1.2-DICHLOROPROPANC FM 
1742 1.2-DICHLQOPROPANE FM 
1743 1.2-DICHLDROPROPANE F I I  
1744 1.2-DICHLDROPROPWE FM 
1745 1.2-OICHLOROPROPANE FM 
1746 1.2-OICNLOIIOPROPANE FM 
1741 1.2-DICHL~OPRDPANL FM 
1748 1.2.3.4-TfTRACiLORO8 FM 
1749 1.2.3.4-TETIUCHLQOB FM 
1750 1.2.3.4-TETRACHLQOB FM 
1751 1.2.3.4-1ETRACHL0(108 FM 
1752 1.2.3.4-TETRACHLOROB FM 
1753 1.2.3.4-TETRACHLQOB FM 
1754 1.2.3.4-TETRACHLOROB FM 
1755 1.2.3.4-TLTRACHLORD8 FM 
1756 1.2.3.4-TflRACHLORO8 FM 
1757 1.2.3.4-TETRACHLOR08 FM 
1758 1.2.3.4-TETRACHLQOB FM 
1759 1.2.3.4-TETRACHLQD8 FM 
1760 1.2.4-TRICHLDROBLNZE FM 
1761 1.2.4-TRICHLORO8LNZf FM 
1762 1.2.4-TRlCHLORO8ENZf FM 
1763 1.2.4-TRICHLOROBENZE FM 
1764 1.2.4-TRICHLORO8CNZE FM 
1765 1.2.4-TRICHLOROBCNZL FM 
1766 1.2.4-TRICHLOROBEYZL FM 
1767 1.2.4-TRICHLORO8ENZE FM 
1768 1.2.4-TRICHLORO8ENZL F I I  
1769 1.2.4-TRICHLOROBENZL FM 
1770 1.2.4-TRlCHLOROBtNZf FM 
1771 1.2.4-TRlCHLORO8ENZL FH 
1772 1.3-OICHLORO8fNZENE FM 
1713 1.3-DICHLORO8fNZLNL FM 
1774 1.3-DICHLORO8fNZE~E FM 
1775 1.3-OICHLORWENZENE FM 
1776 1.3-DICHLOROBENZENE FM 
1777 1.3-DICHLOROBENZENE FM 
1778 1.3-01CHLDR08fNZfNE FM 
1779 1.3-OICHLOROBLNZLNf FM 
1780 1.3-DlCHLORO8ENZfNL FM 
1781 1.3-DICHLORD8tNZLNE FM 
1782 1.3-01CHLOR08EH2LNf. FM 

M1Ql 
HATCH 
HATCH 
HATCH 
HATCH 
HATCH 
HATCH 
WRTZ 
WRl2 
NOR12 
WRl2 
WRT2 
WRTZ 
MI6HT 
MIGHT 
MIGHT 
MIGHT 
Y l Q T  
MI6HT 
WRTZ 
WRTZ 
WRT2 
WRTZ 
NOR12 
M R T Z  
Y I 6 H T  
YIGHT 
YElGHT 
MIGHT 
LIEIQT 
Yl6HT 
WRT2 
WRT2 
WRTZ 
WRTZ 
mRT2 
MI12 
M l Q T  
MIGHT 
Ml6HT 
MIGHT 
MIGHT 
MIGHT 
MORT2 
WRTZ 
WRlZ 
m12 
MORT2 
WRTZ 
MIQT 
MIGHT 
M16nT 
YI6HT 
M16HT 

59o00.00 
100.00 
6OOO.00 
11o00.00 
25oO0.00 
51o00.00 
llm.OO 

100.00 
m.OO 
11o00.00 
25OOO. 00 
51o00.00 
11oooo.00 

100.00 
m. 00 
11o00.00 
25o00.00 
51000.00 
llm.OO 

0.35 
19.00 
39.00 
110.00 
245.00 
412.00 

0.35 
19.00 
39.00 
110.00 
245.00 
412.00 
15.00 
75.00 
134.00 
304.00 
499.00 
1001 .OO 
15.00 
75.00 
134.00 
304.00 
499.00 
1001.00 
31.00 

304.00 
555.00 
1o00.00 
2267 .OO 
3913.00 
31 .OO 

304.00 
s55.00 
1o00.00 
2267.00 

120 
1 20 
120 
120 
120 
120 
60 
60 
60 
60 
60 
120 

120 
120 
120 
120 
120 
120 

120 
120 
120 
120 
120 
120 

1 20 
120 
120 
120 
120 
120 

4 
5 
3 
3 

43 
120 

3 
5 
3 

25 
44 
120 

10 
20 
12 
8 

22 
48 

10 
20 
10 
10 
14 
46 

4 
2 
4 
6 
8 

112 

0.05 BEN011 ET AL 1982 
BENOIT ET M 1982 
8ENOIT ET M 1982 
8fNOlT E l  M 1982 
8ENOll ET M 1982 
BENOIT ET AL 1982 
8fNOlT ET AL 1982 
8ENOlT ET AL 1982 
ELNOIT ET A 1  1982 
BENOIT El M 1982 
8LNOIT ET M 1982 
8LNOIT ET M 1982 
BENOIT ET M 1982 

0.14 BENOIT ET M 1982 
0.14 8ENOlT ET M 1982 
0.13 8ENOlT ET M 1982 
0.08 8ENOIT ET M 1982 
0.02 BENOIT ET M 1982 
0.00 8LNDIl ET M 1982 

M E 0  ET AL 1984 
A1uIfD ET AL 1964 
AWED ET AL 1984 
M E 0  ET AL 1984 
M E 0  ET AL 1984 
AWED ET AL 1984 

0.11 M E 0  ET AL 1984 
0.11 AWED ET AL 1984 
0.11 M E 0  ET AL 1984 
0.10 AWED ET AL 1984 

0.06 AWED ET AL 1984 
M E 0  ET AL 1984 
AHMED ET AL 1984 
AWEO fT AL 1984 
AHHLO ET AL 1984 
AWED El AL 1984 
M E 0  ET AL 1984 

0.09 AWED ET AL 1984 
0.10 M E 0  ET AL 1984 
0.09 AHHEO ET AL 1984 
0.08 AWED ET AL 1984 
0.09 M E 0  ET AL 1984 
0.07 AWED El AL 1984 

AHMLO ET AL 1984 
AHHCO ET AL 1984 
AHMEO ET AL 1984 
AWEO ET AL 1984 
AHMLD ET AL 1984 
AHHED ET A 1  1984 

0.10 AHMED ET AL 1984 
0.10 AWED ET AL 1984 
0.10 AWLO ET AL 1984 
0.10 M E 0  ET AI. I984 
0.07 AWED ET AL 1984 

0.10 AWED ET AL 1984' 

! 
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Table 8.1. (Continued; 

ORNL-6251 

08s CHEIlUL SP€CIES PARAM DOSE NTLSTEO RESPONSE f a  WLlWT SOURQ 

1783 1.3-OIUILOROBCNZLNE 
1784 1.3-DIUILOROPROPANE 
1785 1.3-OICHLOROPROPANE 
1786 1.3-OIUILOROPROPANL 
1787 1,3-OIUILOROPROPANE 
1788 1.3-OICHLOROPROPANL 

1790 1.3-OIUUOROPROPANL 
1191 1.3-OICHLOROPROPANE 
1792 1.3-OICHLOROPROPANE 
1793 1.3-OICHLOROPROPANE 
1794 1.3-OICELOROPROPANE 
1795 1.3-OICHLOPOPRJPANE 

1789 1 .J-OIUILOROPROPANE 

. - - . . -- - . . -. - 
1796 1.3-01CHLOROPROPANE 
1797 1 ;3-OIUILOROPROPANf 
1798 1 .3-OICHLOROPROPANE 
1799 1.3-OICHLOROPPOPANE 
1800 1.3-OICHLOROPROPANE 
1801 1.3-01UILOROPROPANf 
1802 1.4-oIUILOR08EnZfWE 
1803 1.4-OIUILOROBENZENE 
1804 1.4-OICHLOROBfNZENE 
leos 1 .~-OICMOROBEIIZENE 
1806 1.4-OIUILOROBENZEWL 
1807 1,4-0ICHLOROBENZENE 
1808 1.4-OICHLOROBENZENC 
1809 1.4-OICHLOR06ENZCWE 
1810 1.4-0ICl!L0ROBLNZLNE 
1811 1.4-0ICHLORO8ENZENC 
1812 1.4-DICHLOROBENZENE 
1813 1.4-OICHLOROBLNZENE 
1814 2.4-OICHLOROPHE NO1 
1815 2.4-OIUILOROPHENOL 
1816 2.4-OICHLOROPHENOL 
1817 2.4-OICHLOROPHENOL 
181 8 2.4-DICHLDROPHE NO1 
1819 2.4-OICHLOROPHENOL 
1820 2.4-OICHLOROPHE NOL 
1821 2,4-oIuILoRoPHcNoL 
1822 2.4-OICnLOROPHE MOL 
1823 2.4-tlICHLOPOPHIYOL 

1825 2;4-01CHLOROPHfHO~ 
1826 2.4-OICHLOROPHENOL 
1827 2.4-OICIILOROPHENOL 
1 E28 2.4 -0lCHLOROPHEYOL 

1830 2;4-OlCHLOROPHENOl 
1831 2.4-OICHLOROPHENOL 
1832 2.4-01)(tTHYLPHENOL 
1833 2.4-OIMfMVLPHENOL 
1834 2.4-OIM~YLPHfWOL 
1835 2.4-OIIIEIHYLPHfNOL 
1836 2.4 -0IIIEMYLPHC NO1 

F I  
FN 
F I  
F I  
FI 
F I  
F I  
F I  
F I  
FI 
F I  
F I  
F I  
F I  
F I  
FM 
F I  
F I  
F I  
F I  
F I  
F I  
FM 
F I  
F I  
F I  
FM 
F I  
F I  
F I  
FM 
F I  
FI 
F I  
FM 
F I  
F I  
F I  
FM 
F I  
F I  
FN 
ill 
F I  
F I  
F I  
F l  
F I  
F I  
F I  
F I  
F I  
F I  
F I  

M IGHT 
HATCH 
HATCH 
HATCH 
HATCH 
HATCH 
HATCH 
mRT2 
MORT2 
M O R X  

MORT2 
W T Z  
YtlWT 
N I G H T  
MIWT 
YEIWT 
YtlWT 
MIGHT 
m12 
mar2 
M a l 2  
m a l 2  
m a l 2  
W T Z  
MIWT 
MIWT 
N I W T  
WfIWT 
N I W T  
yE16HT 
HATCH 
HATCH 
HATCH 
HATCH 
HATCH 
HATCH 
M a l 2  
MORT2 
IORTZ 
NOR12 
M R T Z  
MORT2 
YE IWT 
YE lWT 
YE 1WT 
YEIWT 
YElGnT 
YE 1WT 
HATCH 
HATCH 
HATCH 
HATCH 
HATCH 

3913.00 
?OO.OO 
4000.00 
8O00.00 
16000.00 
32000.00 
65ouO.00 
200.00 

4000.00 
8O00.00 
16000.00 
32000.00 
65OOO. 00 

200.00 
4000.00 

16000.00 
32000.00 
65000 .OO 

19.00 
565.00 
1040.00 
2000.00 
4090.00 
8720.00 
19.00 
565.00 
1040.00 
2000.00 
4090.00 

0.00 
150.00 
290.00 
460.00 
770.00 
1240.00 

0.00 
150.00 
290.00 
460.00 
770.00 
1240.00 

0.00 
150.00 
290.00 
460.00 
710.00 
1240.00 

0.00 
900.00 
1360.00 
1970.00 
3100.00 

eooo.00 

e7z0.00 

120 20 
120 29 
120 21 
120 26 
120 22 
120 79 
60 4 
60 1 
60 
60 
60 
60 

120 
120 
120 
120 
120 
120 

200 
2w 
200 
200 
200 
200 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
200 
200 
200 
200 
200 

4 
2 
1 
31 

6 
8 

26 
120 
120 
120 

31 
28 
36 
48 
41 
40 
25 
31 
30 
58 
78 
94 

35 
23 
25 
25 
25 

0.01 AWED ET A 1  14 
BENOIT ET A 1  1 
BENOIT ET AL 1 
BENOIT ET AL 1 
8EWOll ET A 1  1 
BENOIT ET A 1  1 
BENOIT ET AL 1 
BEN011 ET AL 1 
8ENOlT ET AL 1 

ie 
9 
9 
9 
9 
9 
9 
9 
9 

U 
182 
182 
182 
182 
182 
182 

182 
182 

811011 ET A 1  1982 
BEHOIT ET A 1  1982 
8fNOlT ET A 1  1982 
BENOIT ET A 1  1982 

0.13 8LNOIT ET A 1  1982 

0.11 BENOIT ET A 1  1982 
0.10 BENOIT ET A 1  1982 
0.08 BENOIT ET A 1  1982 
0.02 BENOIT ET A 1  1982 

0.11 emon ET AL 1982 

AWED ET AL 1984 
AWED ET AL 1984 
AHME0 ET AL 1984 
AWED ET AL 1984 
AWL0 ET AL 1984 
AHHfD ET AL 1984 

0.10 AWEO ET A 1  1984 
0.10 AWED ET AL 1984 
0.09 AWED ET A 1  1984 

AWED ET A 1  1984 
AWED ET AL 1984 
AHRED ET AL 1984 
HOL- ET A t  1982 
H0LCOI)L ET AL 1982 
HOLCOAE ET A 1  1982 
H O L C W  ET A 1  1982 
H O L C W  ET A 1  1982 
H O L C W  ET AL 1982 
H O L C W  ET AL 1982 
H O L C W  ET AL 1982 
H O L C W  ET AL 1982 
H O L C W  ET A 1  1982 
HOLCOAE ET A 1  1982 
H O L C W  ET AL 1982 

0.09 H O L C W  ET A 1  1982 
0.09 H O L C W  ET AL 1982 
0.11 H O L C W  ET A 1  1982 
0.08 H O L C W  ET A 1  1982 
0.02 H O L C W  ET A 1  1982 

HOLCDlsL ET AL 1982 
H O L C M  ET A 1  1982 
HOLC- ET AL 1982 
H O L C W  ET A 1  1982 
H O L C W  ET A 1  1982 

0.09 HOLCW ET AL 1982 
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Table 8.1. (Continued) 

08S CHEMICAL 

1837 2.4-DIMETHYLPHENOL 
1838 2.4-DIMETHYLPHENOL 
1839 2.4-OIMETHYLPHENOL 
1840 2.4-OIMETHY LPHENOL 
le41 2.4-OIMETHYLPHEm)L 
1842 2.4-DIMIHYLPHENOL 
1843 2.4-OIMETHYLPHENOL 
1844 2.4 -0 iMTHY LPHENOL 
1845 2.4-DIMIHYLPHENOL 
184b 2.4-DlMTtlYLPHENOL 
1847 2.4-DIMETHYLPHENOL 
1848 2.4 -DIMETHYLPHENOL 
1849 2.4-DIMETHYLPHENOL 

SPECIES PARM 

FM HATCH 
FM MIA72 
FM MU12 
FM MORT2 
FM MRT2 

FM M R T 2  
FM I I I T  
FM Y I I T  
FM Y E I I T  
FM Y L I I T  
FM Y E I I T  
FM YE16HT 

FM maiz 

DOSE N 

5130.00 
0.00 

900.00 
13b0.00 
1970.00 
3110.00 
5130.00 

0.04 
900.00 

13b0.00 
1970.00 
3110.00 
5130.00 

ITESTED RESWWSE 

200 43 
100 10 
100 22 
100 22 
100 25 
100 27 
100 44 

E665 MIWT SOURCE 

HOLCOn8E ET A 1  1982 
HOLCWBE ET AL 1982 

HOLEOWBE ET AL 1982 
HOLCOWBE ET AL 1982 
HOLCmE ET AL 1982 
HOLCOM8E ET A 1  1982 

0.07 HOLCW8E ET AL 1982 
0.08 HOLCWBE ET AL 1982 
0.08 IIOLCOIUE ET AL 1982 
0.07 HOLCWBE ET A 1  1982 
0.Ob HOLCDn8E ET AL 1902 
0.05 HOLCOW8E ET AL 1982 

m L c m E  ET AL ieez 

SPECIES - Species o f  t e s t  organism: AS - a t l a n t i c  salmon. 86 = b lueg i l l .  M - bluntnose minnow. B I T  - brarn 
t rout ,  81 - brook t rou t .  CC - channel ca t f i sh .  CHS - chinook salmon. COS = coho salmon. FF - f l ag f i sh .  
FM - fathead minnou. 6 = guppy, JM - Japanese medaka. LT - lake t rout ,  I P  - nor thern pike. I T  = r a l n b w  
trout. 58 - r u l l a w t h  bass. YE - walleye. and US - u h t t e  sucker. 

PARM = Response parameter: MORT1 - m o r t a l i t y  o f  p r r e r t a l  f i s h .  E665 = n u b e r  o f  eggs per  female, 
HATCH - propor t i on  o f  eggs f a i l i n g  t o  produce n o m 1  larvae. MIRTZ - m o r t a l i t y  o f  l a r v a l  f ish.  and 
Y I W T  - a a n  wight o f  l n d l v l d u a l  f i s h  a t  t he  end o f  l a r v a l  exposure. 

DOSE - Exposure concentration. 
NTESTED - N u b e r  of t e s t  o rgan ism per  concentration. 
RCSPONSE - N u b e r  o f  organisms pe r  concentration. 
E665 - N m r  o f  eggs per  feaale. 
YEIWT - Mean weight o f  i n d i v i d u a l  f i s h  a t  the end of l a r v a l  exposure In  gram. 
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