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Research ObjectiveThe objective of this project is to provi@®E with improved methods to assess
risks from contaminants to wildlife populations. Thereat approach for wildlife risk assessment consists
of comparison of contaminant exposure estimates for individual animalertduite-derivedoxicity test
endpoints. These test endpoiate &sumed to estimate thresholds for population-leffekts. For
several resons, upertanties associated with this approauie onsiderable. First, because toxicity data
arenot available for most potential wildlife endpoint species, extrapolation of toxicity data from test
species to the species of interest is required. There isns@Esus on the most appropriate extrapolation
method.Second, toxicity datare represented as stical measures (e.g., NOAELs or LOAELS) that
provide no infemation on the nature or magnitudeedfiects. The level of effect is an artifact of the
replication and dosing regime employed, and does not indicateffieets night increase \ith increasing
exposure. Consequently, slightceedance of BOAEL is not distinguished fromrgatly exeeding it.

Third, the relationship of toxieffects onindividuals toeffects orpopulations is poorly estimated by
existing methods. It is assumed that if the exposure of individueteds levels associated with impaired
reproduction, then population leweffects ardikely. Uncertanty associated with this assumption is large
because depending on the reproductive strategy of a given speciearaiolepevels of reproductive
impairment may result inrdmaticdly differentpopulation-level responses. Ve woking on seeral

tasks to address these problems: 1) investigation of the validity of ttemtcallometric scaling approach
for interspecies extrapolation and development of new scaling models; 2) developmeeti@posse
models for toxicity data presented in theléture; and 3) development of matrix-based population models
that, coupled with dasresponse models, will allow faralistic estimation of population-leveffects for
individual responses.

Uncertanties associated with the rrant approach to wildlife risk assessment may harecdi
impacts on DOE EM dgfactorily fulfilling it=s mission in two ways. First, risk estimates may be too
conservative and #refore remedigon may beecommended when it it needed. Limitecemedidion
funds may be spent for insignificant or non-existent risks and possibly cause ereasénn
environmental dmage due tannecessary habitat destructid®econd, risk estimates may not be
adequately protective anddtefore remedial dions may notecommended when they are needed. The
consequences of this eertanty is environmental @amage angotential NRDA liability. Either of these
alternatives results in éfficient use of limited EMdnds. This project will provide the tools to better
estimate population-leveifffects and therefore reduce uncengassociated with wildlife risk
assessments.

Research Progress and ImplicationsThis project is beinggrformed in fourjnterrelated taks.
Progress on each taskastlined below.

1. Development of a database of avian and mammiidcity data. Lierature search andaasition of
acute toxicity data for birds amdammals is ess¢ially complete. Data soces intude the extensive




wildlife toxicity database from the Denver Wildlife Resch Center, and the fianal Institute of
OccupationaBafety and Hdth (NIOSH) Registry of Toxic Eects of Chemical Gbstances (RTECS)
database. Additional Brature search and@gsition of chronic toxicity data for applications of the dose-
response models in Task 2a (see below) is ongoing.

2a. Development of Dose-Rgonse models. We conducted arbture search to define mdidg

approaches currently being applied for human health risk assessment. Based on the resuléaudtthis s
we adopted a modeling approach that is caraple to that employed by the USEPA for human health risk
assessment. A two to four paramétayistic model (humber ofgrameters is determined by theiatites

of the dose-reponse data) is fit to &tature-derivedoxicity data. The resulting model was then used to
define the dose level (and 95% confidence limits) thelesponds with selectexffect levels. The
preliminary dose-rgponse model development for a limited number of chemicals was completed in FY
1998. This work is being expanded to includeeater number of chemicals, represémeof the range

of dose-reponse relationships.

2b. Development of improved methods for interspecies toxicity extrapolation. As reported in the 1998
Annual Report, avian amdammalian acuttoxicity data vere used to tedinear regresion models for

lethal toxicity of over 200 chemicals. In our previously reported preliminary work, body weight scaling
factors (e.g., regression slopegresbund to vary widelyacross chemicals for both birds andmmals.

Our subsequent work has detined that, for most chemicals, body weigbtounted for much variability
in acute toxicity. We found that many chemical-specific scdketprs did not dfer significantly from
conventional scalinfactors of 0.66, 0.75, and 1 and most did néfedirom a factor of 1. Welso found
that among chemicals for which adequate dagevavailable to compare models imth birds and
mammals, apmximately 2/3 showed no significantfidirence between models.

Studies which included alkaloids, inorganics, organochlorines, and dreigsused to derive our mean
avian scalindactor of 1.2. This value is similar to scalifagtors previously reported for
organophosphatesarbamates, and several miscellmmepesticides, suggesting that a scalangor of

1.2 may be appropriate for avian inter-species extrapolations for many chemicals. We found no papers
with scaling infemation specific tanammalian wdlife, however our results suggest that scafiagiors

of 0.66 or 0.75, while suitable for asdncer dugs,arenot broadly applicable to all chemical classes.

Our results indicate that onenage, a sdimg factor of 0.94 is most appropriate fmammals.

Despite preliminary results which indicate that birds sranmals have similar daag factors for a

majority of the chemicals evaluated, we found reachpattern for differencestteer on the basis of

chemical categories, taxonomic group, or mode of action. Our reseltsfate, daoot support
extrapolations between birds amdmmals. In the absence of a chemical-specifiingctactor, scaling
factors of 1.2 and 0.94 should be used for birdsmaachmals, respéigely. These scalinfactors are most
appropriate for acute toxicity data. The work on allometric scédiomrs derived from acute effects is
essentially complete and has been published in the 1999 Bulletin of Environmental Contamination and
Toxicology 62:653-663.

Acute toxicity data residuals from the allometric scaling regression magelsing evaluated further to
characterize differences inrsstivity among taxonomic groups of birds amdmmals. Inddition to
analyses involving acute toxicity data, evaluation of chronic toxicity data is continuing.

3. Development of population models for wildlife endpoint species efést. The initial model
development is complete. Previous risk-assessment methods for relatingffimotic onindividuals to
population responses have assumed that relevant toxicity test endpoints (e.g., mortality and reproduction)




are @uivalent to population-leveffects. Thesstudies have ignored habitat anféhistory strategies.
Our models estimate relative populatiffects by &plicitly including the potentia¢ffects of
contaminants ofecundity and mortality. We developed age-structured matrix models configured for
hypothetical r- and K- strategy bird species using best available estimateamipers from the
literature. Interannual stochasticity was incorporated by randomly varying age-sfeetifidity and
mortality rates. Density dependence was incorporated by making age 0 survifedwardity functions

of adult abundance. Applications of the initial moad described in Task 4 (see below). The model is
currently being prameterized for selected bird species gunitts.

4. Integration of dosresponse, interspecies extrapolation, and population models to provide estimates of
population responses associated with varying exposures experienced by wildlife speciesfokieg
100-year simul#ions with our population models developed in Task 3. These simulatemesd@igned

to evaluate potential fierences in effects ofomtaminant exposure on bird species with veffedint life-
history strategiesPercent redu®on in the long-€rm averag@opulation abundance relative to baseline

was compared between liféstory strategies and among contaminant exposure scenarios. Model results
suggest that birds with r-strategy may be more sensitive to contaraffenis in early life stages,hite
K-strategists may be more sensitive exikaseddult survival. creaing stochasticity of contaminant
exposure in our model applications resulted in larger predicted population responses. Pogpfitatien
inferred from ontaminant effects oimdividuals were often less thgmopulationeffects predicted by

model simulations. A manuscript describing thieeesh forpublication in a per reviewedook has

been completed.

Planned Actvities: Several ativities will continue in FY99:

1) An abstract based on thexdémomic sensitivity of birds anghammals to vironmental contaminants
has been submitted for the 1998TRC meeting, which we will attend in November.

2) A book chapter on wildlife population models is expected to be completed by end of FY 1999.

3) Work will continue on Task 2b, including continued development and evaluation of dealiogs
from chronic toxicity data and evaluation the potential for application of sdaatgrs based on
broad groupings (e.g., chemical classes, mode of action, and taxonomic groupings).

4) Work will continue on Task 3, including continued development of population models for additional
bird species and guilds.

Information Access: None available at this time.
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