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A Spatially-Dynamic Preliminary Risk Assessment of the Bald Eagle at the
Los Alamos National Laboratory

Gilbert J. Gonzales, Anthony F. Gallegos, Teralene S Foxx, thlzp R Fresquez, Mary A. Mullen,

Lawrence E: Pratt, and Penelope E: Goinez

}A‘j;str,ict

- The Endangered Specxes Act of 1973 and he Record of Decisio J:non the Dua.l L '

~ Axis Radiographic. Hydrodynamiic. ‘Test . Fx cility -at - the Los Al

Laboratory (LANL) require that the Dcpartment of Energy potect the bi d eégle o

(Haliaeetus leucocephalus), a state and fedc ally listed specxes, from stressors
such as contaminants. A" prehmfn ;isk assessment of the Bild e gle was
performed using a custom FOR cc e, ECORSKS, and the geog-aphical
information system. Estimated exposure Jores to the eagle for radio:uclide,
inorganic metal, and organic contaminznts vere derived for varying ratios of
aquatic vs. terrestrial simulated diet ai.d ccmpared against toxicity reference
values to generate hazard indices (HIs). HI iesults indicate that no appreciable
impact to the bald eagle is expected from contaminants at LANL from soil
ingestion and food consumption pathways. This includes a measure of cuaulative
effects from multiple contaminants that assumes linear ad Jitive toxicity.
Improving model realism by welghtmg simulated eagle foragmg based on distance
from potential roost sites mcreased ,the HI by 76%, but still to ‘nconsequential
levels. Information on risk by spec1ﬁc $ “ographical location was g nerated, which
can be used to manage contaminated wreas, eagle habitat, facility siting, and/or
facility operations in order to maintain r’sk from contaminants at low levels.

1.0 Introduction

The Endangered Species Act of 1973 (16
USC 1531 et seq.) mandates protection,
conservation, and perpetuation of biological
species. Consequently, the Record of
Decision on the Dual Axis Radiographic
Hydrodynamic Test Facility (DARHT)
Environmental Impact Statement (EIS)
requires that the US Department of Energy
(DOE) take special precautions to protect

threatened. and endangered species (TES).

1ncludmg the bald eagle (Haliaeetus

- component of the. HMP.
" assessments” have been conducted on- the -

leucocephalus) at the Los Alamos National
Laboratory (LANL) from stressors including
contaminants (EPA 1995, DOE 1996, DOE
1995). In order to do so, risks to the bald
eagle presented by radiological and
nonradiological contaminants must be
estimated and reported as part of a TES
Habitat Management Plan (HMP). This
report presents the results of a preliminary
risk assessment on the bald eagle as a
Previous

Mexican spotted owl (Strix occidentalis) and



*"doses to _thé’ ‘bald-

the American peregrine falcon (Falco
peregrinus anatum) with the results
summarized in Gonzales et al. (1997). The
assessments are regulated by the US Fish
and Wildlife Service as the statutory
authority of the Endangered Species Act of
1973.

. The general approach for performing the
assessment was to make a quantitative
appraisal of the potential effects that soil

contaminants. might. have on the: bald eagle: -

when introduced through soil ingestion and
food consumption pathways using a
modified Quotient Method described by the
US Environmental Protection Agency (EPA)
* (EPA 1996, EPA 1992). The method
generally involved companng calculated

t',eagle agamst 10Xicity
reference values (TRVs) either prov1ded in
or estimated from the scientific literature.
An “ecological exposure unit (EEU),”
consisting of a predetermined potential
roosting habitat and a calculated foraging
area or home range (HR), was evaluated.
Collectively the roosting habitat and the HR
comprised a bald eagle EEU (Figure 1).

2.0 Background

2.0.1 The Bald Eagle and Contaminants
The bald eagle inhabits the North
American continent from the Gulf of
Mexico to the Arctic (USFWS 1982). In the
early 1900s, human interest in the bald eagle
may have begun a slow but gradual decline
in eagle populations as bird watchers
collected eggs and bird specimens with little
regard for preservation of the species
(Colborn 1991). Many states and provinces
paid bounties on bald eagles because they
were considered to be nuisances that preyed
on livestock and ate too many salmon. The
lack of forestry management led to habitat
destruction and loss of adequate roosting
- sites (Colborn 1991). Since eagles stay close
to the waterways that they rely on, people

recreating on and around water near eagle
habitat drove them away.

Even with these early, prpsm :res on eagle
populations, the bald eagle is a robust bird
that has managed to survive for over a
million years including periods of widely
varying environmental co iditions (Colborn
1991). The b: 1d eagle is a top predator that
has «n efficient erergy-conversion system
and the- JereaLhty to. survive climate and

" food' base Chc«thS (Qol‘vom 1991). This
“adaptat ility led to the cor slusion that; with
much rore rapid declines that began in the

1940s, something entirely new had to be
introduced into the eagle’s environment to
suddenly reduce it's reproductive fitness

_after a million years (Colborn 1991). The
-“}.'Ef-i;:bald eagle S proven' ﬁ_,arghness suggested ‘that

the more recent rapid décline was probably
not the result of natural stresses, but more
likely from anthropogenic sources. Three
probable causes were identified that most
likely contributed to the rapid decline:
poaching by humans, the release of
dichlo1 >diphenyltrichloroethane (DDT) and
other »rganochlorine insecticides into the
enviror.ment, and inadvertent but
detrim ntal human interaction with the bald

eagle.
Ch:mical pesticides and  chlorinated
hydroc arbons were once used

indiscrminately in the United States to
control insects and are still used lavishly in
some parts of the world. The rapid and
severe decline in the bald eagle population,
which began in the 1940s, was. specifically
associated w'th the potential effects of the
pesticide DDT (USFWS 1982). In the
United States, heaviest use of DDT began in
the 1950s, ar.d an estimated one million
metric tons of DDT had been released
globally by 1¢69 (Colborn 1991). Synthetic
organic cheriicals such as DDT are
particularly hi.‘mful to the bald eagle
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because their predation from the top of their
food web led to the accumulation of
chemicals in their tissue through the process
known as biomagnification. DDT, its
metabolites, and other organochlorine
pesticide residues build up in the bird’s body
tissue as a result of the dangerous
concentrations within their prey (Burnett et
al. 1989). The concentrations typically found
in bald eagles were not lethal to the adults,
but dichlorodiphenylethelyne (DDE), a
break-down product of DDT, resulted in
eggshell thinning and breaking, leading to
reduced roosting success (Burnett et al.
1989). DDT also limits bald eagle
reproduction by increasing embryo mortality
(Koeman et al. 1972). By the mid 1960s, the
decline in breeding bald eagles exceeded 50

percent in some. areas and.approached 100- -
percent in extreme cases (Nebraska Wildlife

1997). In addition, roosting failures of 55
percent to 96 percent were found for the
remaining roosting pairs.

Human perspectives about eagles have
shifted from indifference and ignorance to a

protect the bald eagle. Major eagle breeding
areas have been designated and protected.
The Bald Eagle Act was passed in 1940
making it illegal to sell, transpcrt, export, or
import any live or dead bald et 3le, its parts,
roosts, or eggs. In 1966, the Uf Department
of Interior closed eagle rcosting sites on
most public lands dvring the roosting
season. In 1972, the use of joisons on public
lands was banned by Pres: lent'al Executive
Order. Then in 1978, ‘he bald eagle was
classified as endang.red in 43 states and
threatened in another five sta.ecs (USFWS
1982). All of these efforts have elevated the
bald eagle from virtual e:tinction to
threatened status. Population increases have
been recorded throughout much of the bald
eagle range. As a result, in 19¢5, the status
of the bald eagle was efiinged from

_ eudangered to threatened for all of the lower

4 states.

Since the 1972 ban of DDT, levels of
DDT, DDE and dichlorodiphenyldichlor
(DDD) in bald eagles have decreased
significantly (WWF 1990). In a study at
Padre Island, Texas, between 1978 and 1994
the geometric mean of. DDE residues
dropped from 1.43 to 0.41 pg/g wet wt
(Henny et al. 1996). DDT and DDD Ilevels
dropped to nondetectable levels in 1994
compared to 044 and 0.28 ug/g,
respectively in 1984. It is important to note,
however, that neither pesticide
contamination nor population decline for
any species in North America have been
uniform (USFWS 1982).

Locally, the bald eagle is a migrant and

- winter résident along the Rio.Grande and on -
‘lands adjacent to ‘LANL. Winier roosting

counts of bald eagles in the Cochiti Lake
area have generally increased from 1979 to
1996 (Johnson 1993). As the Cochiti Lake
delta continues to expand, the number of

« vintering eagles on DOE land in White
“great regard ‘and led fo’ extensive. action: fo." - “Rock? Caniyon should mcrease Johnson

" 1993).

2.0.2 ¥ isk Assessment at Los Alamos
Natior al Laboratory :
The development of methods for

-~ estima’'ng the effects of toxic substances on

anjr: al and plant populations at LANL, with
particu’ar interest in ecosystem dynamics, is
an ongoing program at this Laboratory.

- Recent efforts to standardize the estimation

me:hocs for LANL have been published and
were used as a guide for this study
(Ferenaugh et al. 1997). The method
emp'oys a. tiered approach whereby
conser ative risk screening is conducted
first, and then successive stages of
progressively  more . complex risk
assessinents are performed in subsequent
“tiers.” The HMP risk component for a TES
does ::ot include an initial screening of




--Uperch:tices that-offer-an- unobstnicted view
of fordjing areas (Garfett ef al. "1993)."

contaminated sites. Since it is required that
TES are given a greater level of protection
than other populations, a result of “no
further action” obtained using a screening
method would likely not be accepted by
regulators (Ferenbaugh 1997). Also, rlsk
determination for protected species re; uires
a greater level of accuracy than can
sometimes be attained wusing simple
‘screening methods. This study is considered
a “Tier 2” risk assessment, and the level of
detail and complexity of risk parameters are
commensurate with the tiered approach.

2.1 Methods

2.1.1 Development of Ecological Exposure
Units

An EEU, for purposes of this study, is a
unit defined.»y the biology of a species or
group, with'n which an ecological risk
assessment is conducted. The EEU for the
bald eagle consisted of a predetermined

suitable roostmg ‘habitat ‘and an estimated: -
HR that is based on body weight, both as

described below.

2.1.2 Nesting Habitat
The preferred roosting habitat of the bald
eagle is waterfront or shoreline with large

Visibili'y and proximity to food and water
are crit’cal in roosting habitat (Stalmaster
1976, S'vensen et al. 1986).

Loc.dly, habitat identification has been
based cn analysis of foraging and roosting
topograchy and cliff characteristics
associatzd with bald eagle breeding areas
(Johnsoa 1996a, 1992). Roosting suitability
is based on factors of cliff or tree size,
structure, position, proximity to aquatic
habitat, and temperature (Johnson 1991).
Suitahle roosting habitats are monitored for
occupancy and roosting activity (Johnson
1996a, 1983). Suitability of breeding

. wranale dnd femal_e a
~ althc 1gh some variation occiirs betweei and

territcries is ijidexed to factors of elevation,
slope ‘jrey . abundance, diversity, and
vulnerablhty Roosting is restricted to the
lower porticns of LLANL near the Rio

_Gra:de, which includes all or sections of the
_lcwer portions of, Fotrillo Canyon, Water

Canyon, Ancho’ €aiyon, and Chaquehui
Canyon (Joh:son 1996a). Bald eagles have
been sighted flying in upper Los Alamos
Canyon, however, ,txey are not known to
roost in the ugper portions of LANL
(Johason 199€a).

2.1.3 Home Range

The bald eagle will travel approximately
2.6 km in radius from their roost to forage
(Garett et al. 1993). The HR, or foraging
area, around any specific roosting site was
estinated according to Peters’ (1993)
equition for carnivorous birds as

HR =8.3 ¢« BODWT"Y, 1
CaWhArE e
HR = animal home range, km2, and

BODWT= animal body weight, kilograms
fresh weight (kgfwt).

The heavier body weight of the two
genders, 3.1 kgfwt, was assumed for both
ald-eagle (WWF 2:1996);

within sexes.

2.1.4 Ecological Exposure Units and
Home Range Mapping

The extreme boundaries of the bald
cagle EEU were established by mapping an
«rea that was 3.1 km from the extreme most
vorth, south, west, and east boundary of the
roosting habitat. The resultant EEU,
rieasuring 125 km?, is shown in Figure 1.
EEU-70 encompasses all or portions of
LANL Technical Areas 33, 36, 39, 49, 54,
(8, 70, and 71. EEU-70 was mapped by




-using a geographic information system (GIS)
and the GIS software ARC/INFO (ESRI
1996a) as previously described (Gallegos et
al. 1997a).

The GIS was used to create spatial data

“sets, combine information from different
spatial data sets, generate a spatial grid, and
produce maps. The spatial extent of the
roosting bald eagle habitat was digitized into
ARC/INFO to create a coverage (theme, or
layer). This habitat was assigned an attribute
coverage factor (map code value). The
modeling also required additional coverages,
a grid set, and a forage habitat coverage to
be developed.

2.2 Data Csmpilation

2.2.1 Data Cource and Compilation
Procedure

Data uscd for this risk assessment were
collected for environmental surveillance and
restoration : ctivities at LANL by sampling
. and analyzing fish in the Rio Grande
(Fresquez et al. 1994) for radionuclides and
inorganic r.etals; sediment in the Rio
Grande for organics, radionuclides, and
incrganic mctals; and terrestrial soils for

in¢ rgamc _organic,. .and. . radioactive. . -
c¢ itaminast. form 1992 —1996 (e.g.,, LANL

1937). Anal; tical results from this sampling
are maintained in an Oracle database (Oracle
1€24a) by Facility for Information
Mnagement, Analysis, and Display
(FMAD). FIMAD data can be accessed

graphical interface Databrowser (Oracle
1994c). The data for the risk assessment
component of the TES project were accessed
primarily with the latter. Data were
compiled from the FIMAD database and
organized by grid cell following procedures
previously described (Gallegos et al. 1997a).
A summary of the data compilation and
management process is as follows:

o_._As part of the query language, analytical

results were screened to contain only
samples with a beginning depth equal to
zero. Although higher quantities of
contaminants have been found at
intermediate soil depths than at shallow
depths elsewhere at LANL (Gonzales
and Newell 1996), their availability to
aboveground biota is unlikely. The data
was then exported to a personal
computer and modified further using
Microsoft Access” software.

For the organics and inorganics,
measured soil concentrations reported as
below the detection limits of the
instrumentation used in the analysis were
assigned one-half the detection limit per
Gilbert (1987).

Where more. than one sampling point
existed within a 100- x 100-ft grid cell,
arithmetic meuns were calculated and
used as represertative of the grid cell.
Considerations on assigning contaminant
concentrations tc unsampled points and
on spatial weighting techniques were
previously discussed (Gallegos et al.
1997). Soph!sticated estimation

- '?':-"ftechnlques ‘were- not employed for:this .

level (“Tier 2”) of risk assessment.
Assuming tha¢ ¢n entire 100- x 100-ft
area contained an analyte concentration
that was measured in as few as one
sample is a cor:ervative assumption in

- through the-command-line Structured Query , .. -5 - :S85%8 in which ¢ ontamination is. actually

| Language’ (Oracle "1994b) or “through the = 27 Gonfined to dn‘ared less than 1000(2)&2

Sources of mean “natural” (inorganics)
or “regional” (radionuclides) soil
background concentration values were
Fresquez et al. (1996) and Longmire et
al. (1996).

The final data contained the fields: grid
cell identification, analyte name,
-analyte code, analyte average (by grid
cell), TRVs, TRV adjustment factor,




_occupancy factor, background value,
___number of analytes per. cell -

© “coordingte

biomag.ification factor (BMF). Finally,
the fields were formatted as a database
(“eeuing .dat”) for input to the model
“ECORGKS.”

2.2.2 Data Quzlity Assurance

2.2.2.1 Facility for Information.
Managemcnt, Analysis, and D’splay Data

The electronic data that wire available
for the ecological risk databa:e were the
anyl_master_ta)le maintained by FIMAD.
The basic ascuription in this stidy was that
FIMAD data were sufficiently current and
sufficiei.tly ¢ccurate such that any deviation
in acctracy 2ad currency that ‘was not
factored in would not impact the conclusion
on risk. The e is some evidence supporting
this assumy tion.

The Evironmental Restoration (ER)
Office has committed resources to quality
assurance/q.ality control issues to ensure
that the electronic data are reliable. This
process geaerally includes a comparison
between ha d copy results received from the
laboratories and the electronic version of the
data. Estimates are that anyl master table
data are accurate, i.e., generally between
95% and 98% (Manzel 1997). At the time
that. the . data . were’

stage_tables had been cdited and the data
that were yet to be edi'ed were considered
only 50% accurate. Biased on the source
distribution of the datz used in this study
(99% analytical_info tailes and 1% staging

-~ tables) and-the “estimased accuracies, <1%. - - >

(1% x 0.75 x 0:5) of thé stage table data and ™ ‘process as currently: planned. This-will take

2 to 5% of the analytical info table data were
potentially inaccurate.

Although the accuracy estimates are
sutjective, the amount of uncertainty in

_downloaded;.
approx1mately 75% of the data in the

~ FIMAD data_would have little impact on

. . risk values and no impact on risk
Y : 7.,;__“’___:.v;j::-".'s'conclusmns pmflar_ tyi_beca_,_.e:'the number of
bloaccumulatlon factor (BAF) and/or

grid cells sampled for each execufion of
ECORSKS for the bald eagle was so large —
approximately 41,964 per HR - that any
single contaminant value or small set of
values that were erroneous would impact the
entire data population by negligible
amounts.

Of greater significance is (1) the
currency of data and (2) the spatial
completeness of sampling in an EEU as
related to the status of ER’s RFI Work -
Plans. The first addresses the time lag
between the date of sampling and the date
when the analytical results are available in
FIMAD. The process of compiling data for
ecorisk databases is inextricably linked to
availability of spatial data for analytical
samples. Only those samples that have
coordinates stored electronically in FIMAD
have been included in the analysis, and
FIMAD updates its libraries weekly.
However, if samples were taken and

‘analytical results were uploaded to FIMAD,

but location information was not, the sample
was not included in the ecorisk database.
Coordinates for nearly 75% of the sample
results stored in an95_output had not been
submitted to FIMAD, consequently they
were not included in the analysis. The latter

. issue - completeness or totality,
- samipling = “addresses - the ‘underestimate - of R

risk associated with the presence of
potentially contaminated areas that are yet to
be sampled. As currently planned, both of
these sources of uncertainty could be
addressed by periodically repeating the data
download, compilation, and risk assessment

advantage of any increases in database
accuracy.




2222 Data Retrieval |

The process of downl&aéhng analytlcal |

results from FIMAD, identifying sampling
locations using ArcView, compiling them
into a location table, and performing queries
has been detailed in a prior report (Gallegos

. .et_al 1997a). .As.  a _final check on
currentness a. database ongmally compxled'i_,_

in August 1996 for a previous study
(Gallegos et al. 1997b) was updated in
January 1997 to include any new data that
may have been uploaded since the original
compilation. Most grid cell averages
remained unchanged, indicating that
inconsequential amounts of new or changed
data were downloaded in that five-mo:ith
period.

One final issue relates to the kinds of
sample values used to compile the ecorisk
database. Specifically, the FIMAD database
did not identify whether a given sample was
collected as part of the initial investigation
of a site with sample values that should be
replaced by confirmation sample values after
a site was cleaned. This error would create
bias for grid cells that contain remediated
sites, leading to a conservative or
overestimate of risk. If this became

important because an unacceptable level of -

risk was estimated, efforts would be made to
identify and eliminate precleanup values that
are no longer valid. _

~ Another source of conservatism is the
collection of samples from locations that are
suspected of having the highest contaminant
levels.

2.2.2.3 Conclusnon on Data Quallty
Assurance

The ma_]onty of the relevant avallable |

data used for this preliminary ecological risk
assessment  provide an  adequately
conservative  representation of  soil
contamination within the EEU.
Jmprovements in future studies will be the

et ciuswn of data Trom the” anﬁ‘ 3. output-;

" table; ‘which has-higher accuracy. As. the

EEUs considered in this study contain grid
cells that were also components of previous
studies (Gallegos et al. 1997a and 1997b)
and are likely to be components of future
studies, review of data quality is a

__‘,contmuous sometlmes repetmve pI'OCCSS

“will prov1de'..‘ d’j,';'assurance that the |
data are reliable and accurate.

2.3 Preliminary List of Contaminants of
Potential Ecological Concern

Contaminants of potential ecological
concern (COPECs) are those

e known to have been used or to be
present in the EEU,

e to which receptors within the EEU are
known to be sensitive,

e identified as of concern during any
human health risk assessment conducted
in the same area, and

e that warrant concern because of their

toxicity, persistence, exposure potential,
or food chain transfer (Ferenbaugh et al.
1997).

Querying LANL’s FIMAD database for
surface layer soil analytical results generated
a preliminary list of COPECs for each EEU.
Any analyte listed in the FIMAD database
for which no analytical detections were
made in the entire EEU was not included in
the list.

Contribution to risk by any glven
COPEC could be calculated, as discussed
later, only if a TRV was available for that

. COPEC.,The preliminary COPEC list for the .
“bald’ eagle should ultimately ‘be revised on

the basis of the eagle’s sensitivity, and
whether complete pathways exist from
contaminant sowces to the bald eagle
(Ferenbaugh et al. 1997).




2.4 Eagle Diet

Adjacent to LANL ba.ld eagles forage
along the Rio Grande and Cochiti Lake, and
their wintering includes the area within

LANL boundaries. While they forage most
often in the vicinity of Cochiti Lake, they -

use all of White Rock Canyon regularly, and
the entire Pajarito Plateau occasionally
(Johnson 1996a). The bald eagle’s use of
White Rock Canyon within the LANL
boundary is expected to increase as the

-Cochiti. Lake delta.expands upstream and. as .

numbers -of. wintering-bald eagles increase’” " ‘Quétient ~ Methd

(Johnson 1996a).

Bald eagles are second-order carnivores.
They are predators and opportunistic
scavengers. In 14 breeding areas of Arizona,
the average composition of bald eagle diet
was 76% fish, 18% mammal, 4% bird, and
2% reptile/amphibian (Grubb 1995). Fish
consumption comprised 76% of the eagle’s
diet on average and ranged from 49% to
94%. Locally, the bald eagle consumes
primarily fish, and also eats waterfowl, small
mammals, especially rabbits, and carrion at

~about the same ratio of aquatic to terrestrial
foraging as documented in the Arizona study
(Johnson 1996b), although, they can
consume significant amounts of carrion,
especially deer and elk.

2.5 Pathways of Exposure

Based on a general conceptual model of
pathways of contaminant exposure at LANL
(Ferenbaugh et al. 1997), pathways for the
bald eagle are generally established as

e Primary - Source of Contamination:
Burial and outfalls;

e Primary Release Mechanisms: Erosion,
runoff, direct contact of soil, rodent
burrowing, outfall release, plant uptake,
volatilization, and  soil  particle

.---_3._-_,contanunants to. th

e Primary Direct Exposure Pathways:
Ingestion of contaminated soil and
sediment that is on or in prey species and
food consumption.

2 6 Rxsk Calculatlon R

Defined simplistically, ecologlcal I'lSk
assessment is the appraisal of actual or
potential effects of contaminants on flora
and fauna. The measure used in this study to
quantitatively appraise risk from
-eagle-is.a.modified- .
EPA 1996, -1992)
whereby the Hazard Quotient (HQ) serves as
the measure of potential risk. Modification
of the method primarily entailed the
inclusion of “noncontaminated” areas (grid
cells) in the simulated foraging process.

Section 2.4 established the range in fish
consumption by the bald eagle as 49% to
94%. On this basis, the proportion of fish
assumed in the diet of the eagle for this
study ranged from 50% to 90%.
Specifically, three different dietary ratios of
aquatic (fish) to terrestrial foraging were
considered—90:10, 75:25, and 50:50.

2.6.1 Nonradionuclide Contaminants

The general form of the HQ used for the
inorganic metal and organic contaminants is
defined as

HQ =Dc/TRY, | @)
where

HQ = Hazard Quotient,

Dc = estimated chronically consumed dose,
mg COPEC/kg body weight per day,
and

TRV = consumed dose, mg COPE /kg body

weight per day, below wtich adverse
effects are not expected to cccur.

- Whiet: HQs for. all - contamL ants..are
summed it becomes a cumulative IQ and is

termed Hazard Index (HI). The risk.




_evaluation_criteria used for interpreting HI Food = amount of Jood consumed by a

results are shown in Table 1. With a g1ven animal, kg/day,
threshold evaluative criteria of 1.0, HIs or Fs = fraction of food ingestion consumed
HQs >1.0 are considered indicative of ~ ag soil,
potential for impact and, more conclusively, IMF:: !.jomagnj ication factor (for 15
indicate the need to further assess risk to the P COPECs),
species by (a) examining the conservative l . Qccup;= occupancy factor on the jth
assumptions and model input parameters for ‘ contamination site,
excessive  conservatism, and/or (b) Dc;; = concentration of COPEC in soil
conducting a more complex: (“Tler ) risk. - (mg COPEC/kg soil) for the _]th
assessment. A’ more detailed version of the -~ . " ¢ % cotamination site of the.lth -
formula above for computing the HI from CCPEC,"
multiple contaminants and  multiple Dr; = con:umed dose above which
contaminated areas is observable adverse effects may
) ) occur, mg-COPEC/kg-body
Nonradionuclides: weight-day of the 1th COPEC, and
e RS S neoe. . wo.Dan . = adjustment factor.for. Dr;abave_for o
HI = FoodszlBodwth cupZBMF, Dc;,.I(anDan) (3);-1;_-;, SRS the 1th COPECG Sl
== Bodwt body weight, kgfwt, of the
where receptor species,
. ncs = # contaminated sites, and -
ncoc = # contaminants.

HlI = Hazard Index (cumulative HQ for
all COPECs),

Table 1. Risk evaluation c:"teria used to interpret results of applying the EPA Hazard Quotient
method (Menzie et al. 1993; EPA 1986).

Hazard Index Range Conclusion

<1.0 No appreciable impact

1.0-10.0 : Small potential for impacts

10- 100 Substantial potential for impacts

>100 Ecological impacts very probable
2.6.2 Food Intake (Food) ' Food = 0.0135 X (BODWT-1000)*"” reptiles

Daily food consumpticn of -a given and amphibians, (4c)
animal is estimated in ECOR.' K5 using the
following relationship: (EPA 1993a): where
0.856 Food = food consumption rate, kg/day, of dry

Food = 0.0687 X BODWT m:mmals, (4a) matter, and
Food = 582 X BODWT®S! bixds, (4b) BODWT = body weight of animal, kgfwt.

The heavier body weight of the two
genders, 3.1 kgfwt, was. assumed for both




-.ovactivities: dependi
food ini the EEU;t

~male and female bald eagle (WWFC 1996).
The equations above represent relationships
that can be applied to the general types of
animals specified above, however, more
specific relationships for special subtypes
are also available if greater accuracy is
required.

2.6.3 Qccupeicy Factor (Occup)
Occupancy factors are defined in this
study as the {raction of the time in a given
day that an ar.imal spends feeding in a given
area. Occupency is assumed to be time
averagcd over a long period to obtain a

probabshstm elat onshlp ThlS "actor can bei. SR

that any given area thhm an animal’s

habitat is equally 'ikely to serve as a feeding
location for a given animal c¢ver the long
term. However, many fectors ould restrict
or enhince a given area to sunport feeding

feeding areas, and fe :ding paft “rns/habits of
the predator.

4

OCcupj =g (5)
]EI A; Ef;

where

Occupj = occupancy factor of the j® grid,

A; = area, km?, of the j grid within
the HR of a given animal,

Et:i = enhancement factor of the j® grid
within the HR of a given animal,
and '

ng = number of grid cell sites within
the HR of a given animal.

wcn-the dstribution: ef .
el tive-a cessibility of
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. Two cases of . Occupj ‘were  considered

for ‘the terrestrial portion of the simulated

diet:

1. Unweighted foraging: the buld eagle
feeds within its calculated HR with no
regard to distance of any feedlng area

. {;rid cell) from a potential rods site, and

2. Veighted foraging: Occup; = €™

(Johnson 1996b), which estinates the

relative probability of foraging as a

function of radial distance in meters

fom the roost. This results in

a; proximately 50% of the foraging

within two km of the roost s’ ‘te for the

_-;.--'l:m'esmal portion’ of the diet (Johnson o
1oeby. .

Since the occupancy factor is part of the
ECO:.SK5 input, the user is able to modify
this relationship to reflect increased or

_decreased feeding in a specific grid area.
'I‘he location' of " the: potentlal roostmg site
~ within an EEU

determinés ~ “which
contaminated and noncontaminated grid
cells are included in the summation portion
of Eq. 5. The selection process is discussed
in the following subsection.

2.6.4 Ridionuclides

Animal toxicity data such as “no
observed adverse effects levels” (NOAELs)
for radionuclides are largely unavailable,
therefore an alternative method was
employed. Levels of radionuclides in soil
called screening action levels (SALs) have
been estimated for use as standards
protective of humans. The SALs for
radionuclides are estimated using the
RESRAD code for radionuclide exposure to
humans from elements of the food chain and
non-food chain deposition processes (LANL
1993). The application of human standards
to animals is conservative. This has been
quantified and previously discussed in a




'L

RN i
repbrt on the Al'llCl'ijl peregrine falcon
(Gallegos etal. 1997a

The HQ method apjilying human SALs
to animals is similar jo the HQ method
involving ingested doses:

Radio uclides:

nes ncoc
Hl= ¥ Occup, X SC,/(SAL xSALa), (6)
j=1 1=1
where,

HI = Hazard Index (cumulative HQ for all

COPECs),

SC,, = soil concentration of COPEC, pCi-
COPEC/kg-soil for the jth
contamination site of the 1th
COPEC,

' SAL = screening. action level pC1

COPEC/kg soil of the 1th COPEC

SALa, = adjustment factor for SAL, above
for the 1th COPEC,

Occup, = occupancy factor on the jth

contamination site,

_number of contamination sites, and ._

=) "mbar of ‘contaminant in the. Jﬁl :

contamination site.

ncs.

This study used the above relationship
for estimating radionuclide HQs. They were
then added to HQs for nonradionuclides, but
can be  easily separated from
nonradionuclides and presented in that
format. As with the nonradionuclides, two
cases of hypothetical foraging were
considered for the radionuclides -
unweighted foraging and weighted foraging.

2.6.5 Fraction of Food Intake as Soil, F,
The fraction of food intake as soil, F;, is
currently an issue under consideration at
LANL and has been previously discussed by
Gallegos et al. (1997a). Studies on cattle,
sheep, and swine have shown that soil was
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. the .

“Where -

main source of exposure to
environmental contaminants that included
lead, polychlorinated biphenyls (PCBs),
polybrominated biphenyls,
hexachlorobenzene, and DDT (Fries 1982,
Russel et al. 1985, Fries and Jacobs 1986,
Fries and Marrow 1982, Fries et al. 1982).
Because soil ingestion rates of some wildlife
species are estimated to be at least as great
as those for domestic species, soil ingestion
is an important route of exposure to
environmental contaminants for wildlife
(Beyer et al. 1994). Wiiclife may ingest
amounts of soil wh1.§e. fceding that are
substantial enough to constitute the main
source of exposure to environmental
contaminants.

The F, used for the bald eagle in this
study was. conservanvely esnmated from‘

¢)

F; = fraction of diet comprised of soil,
Les = sediment ingestion rate (g4y d™), and

Ctoos= food consumption rate (gay d'') based
on gut content;

S

I sed = —

SC.4 (8)
where
Snad = radionuclide sediment intake rate

(pCid") and




. SCrg4 = concentration of radionuclide in

sediment (pCi g™);
and |
Srad = Crood X Trad 9)
where
Twda = radionviclide concentration in fish

viscera, muscle, and associated
skeletoa (pCi'gary) ).

Data on radiotuclide concentration in fish
were taken from Fresquez et al. (1994) and
data on radiénuclide concentrations in
sediment were taken from LANL annual
environmental surveillance reports for the
years 1992 — 1996 (e.g., LANL 1997). The
estimated F; was 1.16%. A conservative F;
of 2.0% was used. A previous study
(Gallegos et al. 1997b) estimated 2.8-3.0%
as an accurate F; value for a species
(Mexican spotted owl) that consumes

than herbivores. However, biomagnification
is more apparent in aquatic systems than
terrestrial, and recent studies question the
validity of biomagnification in terrestrial
systems  (Laskowski  1991). While
biomagnification of the chlorinated
hydrocarbons (organochlorines) is fairly well
proven (Walker 1990), the concentration of
heavy metals in animals is not necessarily a
property of food chains (Laskowski 1991).
Heavy metal biomagnification has been
implicated mostly in mammals (Shore and
Douben 1994, Hegstrom and West 1989, Ma
1987). Conclusions to the contrary are that

e heavy metal biomagnification is not a
rule in terrestrial food chains (Laskowski
1991, Beyer et al. 1985, Grodzinska et
al. 1987, Willamo and Nuorteva 1987,
Nuorteva 1988),

e . “biomagnification alone cannot lead to
very high concentrations of most heavy
metals in top carnivores” (Laskowski
1991), and

- predominantly- rodents (including pelts) that: " - "i:':_i‘.j,:;fi"‘blomagnlﬁcéuon canniot be. respons1ble

"have direct contact with soil on a daily basis. -

Bald eagle prey does not have as much
direct contact of soil as that of Mexican
spotted owl prey. Bald eagles consume
primarily fish, waterfowl, small mammals,
and carrion (Johnson 1991). Since they don’t

T if—’*consume pelts or feathers like the owl, the:F;:

for the’ eagle ‘would be smailer for the
terrestrial component of their diet. Thus, an
F; of 2.0% for the bald eagle is adequately
conservative.

2.6.C Bioaccumulation and
Bior: agnification

Several historical cases have implied that
the 1 igher the trophic level of an organism
on a food ckain, the greater its susceptibility
to blomagiification (Leidy 1980). In this
scen:rio, carnivores such as the bald eagle
could be more subject to biomagnification
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for toxic effects of heavy metals in
terrestrial carnivores” (Laskowski 1991).

Nevertheless,

e Dbiomagnification of heavy metals to

e even if a chemical or its metabolites
have high NOAELs in long-term
ecotoxicity or toxicity tests, incomplete
metabolic elimination of contaminants,
also known as bound residues, can result
in potential risk from bioaccumulation or
biomagnification (Franke et al. 1994).

Therefore, scenarios
bicaccumulation  and
phenomena were assessed.

including
biomagnification




2.6.6.1 Aquatic BAFs/BMFs =

BAFs and BMFs for the aqpauc (ﬁsh)
portion of the foraging rcheme were
inherently included in the calculauon of F,.
As previously mentioned, contam;:iant data
in fish was available only for radionuclides
and metals. Since sampling restlts have
consistently shown no detection of organics
in sediment (LANL 1996) anc}; organics in
fish have not been analyzed for-organics,
bioaccumulation and blomagmﬁeatlon of
organic COPECs was included in the
estimates of risk for the terresirial diet
component only.

2.6.6.2 Terrestrial BAFs/BMFs

BAFs for aldrin, dieldrin, endrin, DDT,
and DDE were 5.35, 5.35, 7.9, 2.62, and
2.62, respectively, taken from Calabrese and
Baldwin (1993) for the bald eagle in a
terrestrial food web. For the same respective
COPECs in a terrestrial food web, BMFs
were 9.42, 9.52, 2.04, 89.2, and 28.2,
respectively. On average, these terrestrial-
based BMFs were 0.111% of the BMFs for
aquatic systems published as human health
value criteria under the Clean Water Act
(EPA 1993b), and the terrestrial-based BAFs
listed above were 31.35% of aquatic-based

*BAFs These fractlons were used to: ad_]ust?
‘mean aquatic BMFs and BAFs for 10

additional COPECs for use on terrestrial
systems in this study. The source of the
aquatic BMFs for the 10 additional COPECs
was Smith et al. (1988). The terrestrial-
adjusted BMFs by COPEC, used in this

*study” weére, anthracene 102 all ‘aroclors, -

34.63; benzo(a)pyrene 1.68; chlordane,
15.65; 1,4-dichlorobenzene, 0.06; lindane,
0.30; mercury, 6.11; phenanthrene, 13.39;
pyrene, 21.64; and thallium, 0.13, BMFs for
radioacti' ‘e isotopes of Am, Cs, Pu, and Sr,
were 4.47, 3.55, 2.23 and 0.44, respectively.
BAFs and BMFs for additional COPECs

will continue to be incorporated into the risk
estimate as they are identified.

2.6.7 Nest Site Selection and Simw ated
Bald Fagle Foraging

Dotails of this process hzve been
previously described (Gallegos et 1. 1997a).
Upon randomly selecting a potent’al roost
site within the defined roosting habi: at of the
125-km* EEU, ECORSK5 (descrited later
in this report) develops an HR of
approximately 39 km? for the bald eagle and
calculates an HQ for each COPEC within
each 100- x 100-ft grid cell of the foraging
area. The model repeats this process the
number of times specified, which in this
case was a total of 100 simulations. Three
cases of the ratio of simulated foraging on
aquatic prey (fish) vs. terrestrial organisms
(carrion) were modeled - 50:50, 75:25, and
90:10. Contaminated grid cells “selected”
during one simulation are “replaced” for
possible selection during a subsequent
simulation, therefore the soil contaminant
population is not independent from one
simulation to another.

By assuming that the bald eagle forages
in noncontaminated as well as contaminated
grid cells, our risk estimate lessens a source

"+ of. error: that. Tiebout and Brugger (1995)-'_.;
“conclude leads to overestimation-of risk; i.e., ©

the error associated with the implicit
assumption normally made in the Quotient
Method that birds remain in a contaminated
zone. This assumption also satisfies EPA
guidance that “for many terrestrial animals,

- adjustments’ of exposure. estimates ‘may be: .
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* ‘needed to accouiit for the -possibility that all

food obtained by a given animal may not be
from the affected area” (EPA 1989). This is
especially true for wide ranging animals
such as the bald eagle.




- :L(IOWered) by a factorof 10 to account for: the.

2.6.8 Toxicity Reference Values.....

2 6 8.1 Nonradionuclides
w2+~ The TRVs:chasento. use in: quantifying
nsk from’ orgatic and inetal COPECS: were
the chronic NOAEL: in units of mg COPEC
per kg body wt of the bald eagle per day. A
previous report (Gallegos et al. 1997a) can
be consulted for information on (1) the
NOAELs used in this assessment, (2)
references from which the NOAELs were
taken or derived, (3) test species on which
they are based, (4) the chemical form on
which the NOAEL is based, (5) the
toxicological test endpoint in the labora:ory
studies in which the NOAELs wvere
determined, and (6) comparison of
alternative NOAELs or TRVs which cculd
have been used. The NOAELSs for the metal
COPECs are based on avian test species.
Lacking avian-based NOAELSs, the NOAELs
for the organic COPECs are based on
laboratory rats. NOAELs can have a
substantial impact on risk estimates,
therefore it is important to use NOAELSs that
are based on toxicity testing of species that
are as close phylogenetically to the assessed
species as possible. EPA databases largely
contain NOAELs that are based on testing
laboratory rats. Examples of the influence
that NOAELSs can have on risk estimates, or
model sensitivity, have been previously
reported (Gallegos et al. 1997a). The
replacement of rat-based NOAELs with
- NOAELS: based.on _birds- is. a -continuous: .~
process in this study, and this report will be
updated periodically as substantially
different NOAELs and othér information
become available.
In human risk assessments, reference
doses (RfDs) are typically adjusted

uncertairfy of extrapolatifig RfDs withir and’
between species. Because of a broader range
of uncertainty in ecological . risk, an
uncertainty factor (UF) of 10 may be
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___:._.dfactors Lre, mdep

_.inadequate in ecological risk assessment

(Calabrese and Baldwin 1993). Attempts to

~ calculate extrapolatlons of TRVs have been
vf.'.:'-“:;made by Some:’
bases vary from one researcher to ‘another.

her

For example, Sample et al. (1995) assumed
that “smaller animals have higher metabolic
rates and are usually more resistant to toxic
chemicals because of more rapid rates of
metabolic elimination and metabolism is
proportional to body weight.” Conversely, in
a study of risk to vertebrates from pesticides,
Tiebout and Brugger (1995) predicted that
small-bodied insectivores faced the highest
risk.

Other possible sources of uncertainty
that are not necessarily exclusive of each
other include

e extrapolation of acute dose-derived
NOAETLSs to chronic responses,

e lowest observed adverse effect level to
NOAEL conversions,

e cxtrapolation of sensitive-test-species
data to nonsensitive or “normal” life
stages,

e extrapolation of less-than-life-span
toxicological data to life span,

e time to achievement of contaminant
steady-state in laboratory tests on which
NOAELSs are based, and

e laboritory to field extrapolatlon

"-_;-:'j..(Calabrese and Baldwm 1993).-.

Some of the above-listed factors have
the potertial to increase or decrease (under
or overertimate) toxicological values. Also,
several instances of in’erdependence of UFs
exist, thcrefore, the essumption that these

“UFs - w ikely- - lead .
overconscrvausAJv (Ca’abrese and Baldwm
1993). For these -easons and others

’“'*lhOWevcr ‘the -

in. their apphcatxon,; -



- -previously.rxplained (Gallegos et al. 1997a) .

2 UFs were not apphed in this study.

2.6.8.2 Radionuclides

Because TRVs for radionuclides in avian
species were unavailable, human risk SALs,
in mg of radionuclide per kg of soil were
used in place of TRVs. As reported

;,..prevmusly (Gallégos*-et - al.-1997a.-and,. - -
1997b), “the “application of “values for

protecting humans to non-human biota may
lead to an overestimate of risk by a factor
between 185 and 3,650 when compared to
the standard of 0.1 rad/day recommended by
the International Atomic Energy Agency
(IAEA 1992).

2.7 Risk Sources and Hazard Value Types
The option exists in ECORSKS to

generate indices for three “Hazard Value

Types” and three “Risk Sources” as follows:

Hazard Value Type

e HI (Hazard Index) - A sum of the HQs
for all COPECs and all grid cells in a
foraging area (or HR) averaged across
the number of “simulations.”

e Mean Partial HQ X Location (Grid Cell)
- A sum of the HQs for all COPECs
separated by location.

e Mean Partial HQ x Location (Grid Cell)

x COPEC - A sum of the HQs separated

by location (grid cell) and COPEC.

Risk Sources

e Unadjusted Risk - Quantified impact
associated with sampling within LANL
boundaries. Sources of HQ values
include (i) HQs associated with sampled

" grid cells, ‘making no. adjustment for

background soil concentrations; and (ii)
for grid cells where sampled COPEC
soil concentrations are less than
background values, then the soil

_.background value is entered for the

V‘-:m»calculatxon of HQs Lo
. Background Risk - Quantlﬁed 1mpact
“associated with “patural”
(nonradionuclides) and  “regional”

(radionuclides) mean concentrations of
COPECs. The mean natural or regional

into the HQ formula for grid eellswithin
a HR for which COPECs existed in the
Unadjusted Risk data set. Since for
Unadjusted Risk, soil background values
may be included only for grid cells that
were sampled, the same practice for
determining Background Risk makes it
comparable to Unadjusted Risk. Clifford
et al. (1995) have shown that assignment
of background levels in Quotient Method
risk estimation can be inconsequential in
terms of final results.

e Contaminated Nest Site - Represents the
unadjusted  risk  resulting  from
“situating” potential roost sites on
contaminated grid cells within the
“roosting” zone. Although this was
intended to be a worst case of sorts, but
not the absolute worst case, a previous
study on the Mexican spotted owl
(Gallegos et al. 1997b) showed no
appreciable difference between
Unadjusted Risk and Contaminated Nest
Site risk.

The most useful Hazard Value Type for
conveying total risk is the HI. For each of
100 randomly selected potential roost sites
of the bald eagle and, thus, 100 simulations,
an HQ was calculated for a 39.1-km® HR, or

' foragmg area, for each COPEC at. each gnd -

‘HQs for all COPECs and all grid cells in a

HR and is an average of the 100 sets of data
(simulations). Because the HI is the sum of
the HQs for all COPECs, it serves as an
index of cumulative effects from multiple

-background soil.conc( ntration. is-entered.



contaminants._and is the most. conservative
(bias, if any, toward overestimation of risk)
of the three Hazard Value Types. Since the
100 simulations may have some contaminant
data in common, the distribution of HIs for

the 100 roost 51tes cannot, be consrdered

o mdependent,

2.8 Model

The process by which ECORSKS5
develops the basic building blocks of the
risk assessment has been previously reported
(Gallegos et al 1997a) Some of the features
anzed below

2.8.1 Computer Code Software
Development for Ecorisk Determination

A set of computer codes with graphics
capabilities, written in FORTRAN 77
(Salford Software Limited 1994), was
developed specifically to perform risk
assessments of federal and state protected
TES for the HMP. The executable code,
ECORSKS, integrates spatial data (EEU,
roosting habitat, HR, grid cell location,
contaminant data) with basic toxicological
information and physiological data to
estimate risk to a specific animal. Figue 2
illustrates how the codes that accomplish
these functions integrate.

The ECORSKS code estimates partial
and total HQs and Hls, respectively, from
GIS-located contaminants. Potential roosting
sites are also located by GIS mapping, and it
is from these focal points that HQs and HlIs
are estimated using the files shown in Figure
2. These files have been previously defined
(Gallegos et al. 1997a).

Code operation follows an ordered
procedure that has been summarized
previously (Gallegos et al. 1997a).
ECORSKS has the option of selecting

potential roost sites W1t11m the roostmg

~ habitat on the basrs of

. -e__randomness,. . . .

¢ automated placement on “contaminated”
grid cells (that are within the roosting
habitat),

e user-specrﬁed locatlons or

- iif:{.;flfany combmatlon of the above threz.’
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The executable versions of the codes are

MS-DOS PC versions, which are
transportable to other PCs (for PC users
without Salford/Interacter software) by

_v::‘_appropnate Run. DBOS software that 1s_ _
."provided by . Salfor | thi rpose.
Satisfactory transport and use of these codes

have been demonstrated at LANL’s Ecology
Group.

2.8.2 HR Dimension Scaling and Slope

To account for variation in the shape of a
bald eagle HR that may result from hunting
pattern influencing factors such as prey
location, an option was programmed into
ECORSKS3 that enables the user to select a
square HR or a rectangular HR with a
specified width to height (X/Y) ratio. For
example, the ratio of width to height of the
estimated roosting habitat for the eagle was
2.6:1. With the input of an X/Y ratio of 2.6,
ECORSKS would scale the HR dimensions
so that its width was 2.6 times greater than
high. The user also has the option of sloping
the HR.

2.9 Hypothesis Testing

In comparison to issues regarding model
sensitivity, statistical analyses of differences
in risk source (background vs. LANL-
related) is  relatively = unimportant.
Contaminants can exert their effect on a
threshold basis even in small amounts,
regardless of source. For, these reasons,
testing hypotheses of risk séiurce parameter
or distribution differences is .10t presented

S ThlS does not d1spe1 the follow mng .







. possibility . —.if . total (unadjusted) risk is
estimated; to be relatively high to a species
that is pesent or prevalent in the area
assessed, 1 nd background risk dominates the
total risk, the risk model may be overly
conservative.

For ttose interested in separating risk
associated with different sources, statistical
analyses could be performed. The key
question in doing so would be whether to
apply  parametric or  nonparametric
statistics. Assumptions of independence and
randomness have been made in studies

sumlar to thls one (Chfford et al. 1995)

3.0 Results

The results of this study are also |

summarized in Gonzales et al. (1997).

3.1 Unadjusted Mean Hazard Index
Table 2 reports the mean HI for 100

.. -potential roost. sites for scenarios including
(1) unscaled HR(2) scaled HR: and (@)

unweighted and (b) weighted foraging. The
highest HI mean was 0.015 (+5.0E-03) (for
the scaled, weighted, 50% fish scenario)
with a maximum of 2.33E-02. These values
represent relative risk from radionuclides,
inorganic metals, and organics combined,
which implies the same assessment
endpoints for all three contaminant types.
This is a conservative assumption that can
be eliminated by " separating HIs by
contaminant type or by assessment endpoint.

As stated previously, the weighted
foraging scenario is most realistic. . The
unweighted occupancy case is presented for
comparison purposes in order to gain an
understanding of how risk distributions and
their variance are affected by improvements
in model realism.

The HI is a sum of the HQs for all
COPECs, thus serving as an index of
cumulative  effects from  multiple
contaminants and multiple sites. HIs less
than 1.0 indicate that, under the assumptions

- . foraging:  scenario."
“considered “risk smks” “for purposes of
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and conditions applied, it is expected that no
appreciable impact to the bald eagle is
anticipated. The HI measures additive or
linear effects, making no measure of
synergistic nor amelioristic effects of
multiple COPECs. Mean HIs for the bald
eagle were well below 1.0 for all diet
scenarios.

As the proportion of diet made up by
terrestrial foraging increased, the mean HI
increased (Table 2).

Table A-1 in the appendix lists the HIs
for each of the 100 randomly selected roost
sites for each of six combinations of diet and
“Nest: sites. .can be .

considering risk at different roost sites
across a relatively large roosting habitat. -
Table A-2 is an example of “risk sources”
generated as an output file by ECORSKS.
The example is for Roost Site Number One

»forthe-scenario:d we1ghted foraging: in an
“ unscaled, or square; HR"4Ad a hypothetical

diet of 50% fish, 50% terrestrial prey. The
entire output has similar data for all 100
roosting sites. Note that the sum of the HQs
in Table A-2 is the value shown for Roost
Site Number One, under column F in Table
A-1. Each execution of ECORSKS typically
would contain 100 times the amount of raw
data in Table A-2, plus HI distributions such
as one of the columns in Table A-1, and
HQs by COPEC such as shown in Table A-
3.

Table A-3 is a list of HQs x COPEC for
the scenario of 50:50 fish: terrestrial
consumption and weighted foraging in a
square HR for the terrestrial component.
Note that the sum of the HQs is the same
value as in Table 1 for this scenario.
Aluminum, pentachlorophenol, and "'Cs
consistently dominated the risk contribution
for all scenarios albeit that total risk is very
small. These contaminants differ from those
dominating the risk for the peregrine falcon,




< §Unadjusted Risk

Table 2. Mean hazard indices (HI) for various combinations of forage wexﬂntm;, home ran ze shape,

and ratio of aquatic (fish) to terrestrial food in diet. Mean HI vali

s are foﬂ wed Hy the mean

standard error. All values include bioaccumulation for the 5011 ingestion pathway and
biomagnification for the food consumption pathway.

Mean Hazard Index 'Cumulative Harard Quo“é,zct)

Scenario Diet*
90% fish 5% fish 4 | |50 fish

1. Home Range Unscaled**
a. Foraging Unweighted***

Unadjusted Risk} 3.2E-03 (+3.4E-4) - 5.8E-03 (+7.5E-4) 1.2E-2 (1.9E-03)

Background Risk} 2.5 E-03 (£3.0E4)
b. Foraging Weighted****

Unadjusted Risk 3.7E-3 (+6.5E-04) 6.9E-3 (+1.8E-03) 1.5E-2 (+4.4E-03)

2. Home Range Scaled****%2.6:1

a. Foraging Unweighted

Unadjusted Risk - ; 32E-03 (£32E-04). | 5 9E 3 (+7 6E-04) . _l 3E-02 (+1 9E-03) 1
b Foraging Weighted ~ U _"f‘ ‘o e
Unadjusted Risk - 3.6E-03 (£8.2E-04) 6. 9E 03 (+2 2E-03) ' l 5E 02 (+5 0E-03)

*Includes a biomagnification component.

**Unscaled - Refers to a home range with equal border dlmeusmns i.e., a circle or square.
***Unweighted — Refers to a foraging scheme in which foraging occurs equally throughout a HR.
**+*Weighted — Refers to a foraging scheme in which foraging is proportional to distance from a nest site; i.e., foraging

decreases with distance from the nest site.

**xx%Scaled — Refers to rectangular shaped home range (HR) with a width to height ratio of 2.6:1

‘Quantified iitipact associatéd with sampling within’ LANL boundafies, A

1 Background ﬁ:sk'i'Quannﬁed risk associated wxfh “natural (nonradmnuchdes) and “regional™ Gradionuclides) mean
concentrations of COPECs exterior to LANL.

where Aroclor-1254, DDT,
dominated the risk contribution.

Analyses of organic contaminants in
sediment of the Rio Grande have
consistently resulted in no detection above
the limit of quantitation (LANL 1996). This
is reflected in the aquatic portion of the
eagle diet and is one reason for the low HIs.

and DDE

4.0 Discussion

4.1 Management Use ¢f Re: ults

The spatial represer tation of risk results
can be used to identify the particular source
locations of contar 'nation, which if
managed, would most 'effectively maintain
the risk to the bald eagle from contamination
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at Jow levels. The geographical distribution
of risk by roost location, such as shown in
Figure 3, can be used to identify how to
maintain risk to the eagle at acceptably low
levels; this could include the management of
bald eagle habitat, contaminant sources,
facility operations, and/or siting of new
facilities.

4.2 Foraging Strq‘ sgy and Scaling the HR
Dimension

In the unweighted case, occupancy and
foraging on grid cells is equal throughout the
HRs regardless of distance from potential
roost sites. Improving model realism by
weighting simulated foraging such that







foraging _is__greater close to roost_sites

increased risk in all cases (Table 2). Altering
the shape of HRs had no appreciable effect
on HiIs.

4.3 Limitations and Uncertainty

The particular TRVs (NOAELs) utilized for
estimating risk using the Quotient Method
can have a substantial impact on risk
estimates (Gallegos et al. 1997a). Of the
~approximately 90 NOAELs for the
nonradiological metals and organics found
in EPA databases and other literature and
used in this study, approximately 41 were
based on the toxicological testing of species
within the same taxonomical class (Aves) as
the eagle, but none of the TRVs are based on
testing of species that are within the same
taxonomical order, family, or genus as the
bald eagle. Most of the additional 49
NOAELs were based on toxicological
testing of the laboratory rat or various
species of mice. The replacement of
NOAELs that are based on rats with
NOAEL:s that are b: :ed on the toxicological
testing of birds is a cc atinual process in this
study.

The terrestrial pathway. included ‘BMEs -

for 15 COPECs and BMFs for all COPECs

were inherent in the d: ta used for the aquatic

pathway to the trophic level of fish. The
addition of BMFs for ‘he terrestrial pathway
increased the mean HI by 76%, but the
relative nsk index (HD) prior to factoring in

* BMFs: “Was. so ]ow that the nsk conclusmna-:%_:._‘%._; =
remained the same. The use of BMFs in -

studies on other species (Gallegos et al.
1997a and 1997b) have had more impact on
the risk conclusion than was the case for the
bald eagle.

Many of the uncertainties associated
with this type of assessment have been
discussed in previous documents (Gallegos
et al. 1997a) and previous sections of this
document. Concerning the potential for

impact to the eagle from radionuclides, since
risk indices were so low and we have
estimated that risk from radionuclides has
been overestimated in this study by a factor

' ranging between 185 and 3,650, no further

study of the bald eagle is planned at this
time.

Table 3 summarizes the assumptions
made in this study, categorized according to
whether we consider them “conservative,”
“realistic,” or “nonconservative.”  The
proper interpretation of any risk assessment -
requires  perspective  that  includes
acknowledgement of assumptions used in
performing the assessment. As previously
stated, an adjustment of TRVs using
uncertainty factors was not made. This
deciiion was based on two factors: (1) some
of the assumptions made could cause an

vepcstimate of risk and others could cause

an uiaderestimate; to use UFs that effectively
eliminate only those assumptions with the
potential to cause an underestimate of risk,
thus artificially raising the HI, would result
in a model that is overly conservative,
producing results that may be unusable; (2) .
the collective amount of uncertainty

- originating: from” different: sources' is. great
‘encugh and/or variable enough so that

application of UFs would make the results
less usable because of large total margins of
introduced error.

5.0 Conclusions
~The- -integration; of - the. - custom .

“'FORTRAN computer code- ECORSKS with

the GIS and a contaminant database was
successfully demonstrated for estimating
risk to the bald eagle from contaminants.
Considering soil ingestion and food
consumption contaminant pathways that
included a biomagnification component,
estimated risk to the bald eagle was well
below levels of concern. The assumptions in
Table 3 were made in calculating risk from




0

ting risk: rom contammants

Conservatnve
(overestimate risk)

Reahstlc

Nonconservatlve
(underestimate risk)

all COPECs assumed to have same
biological effect

FIMAD Jatabase is current and
accurate

risk not estimated for contaminants
for which TRVs not available

radioactive decay of radionuclides not
calculated

TRVs/N,DAELSs for metals based
on avian test species and are
chronic

environmental restoration (clean-
up) not factored

antagonism (ameliorism) not assessed

quotient method not probabilistic

FIMAD database is current and
accurate

mean natural background COPEC
values, not UTLs, used for
inorganics

FIMAD database is current and
accurate

average, not maximum, COPEC
s0il concentrations used

synergism not assessed

TRYVs (SALs) for radionuclides based
on humans, which are between 185

uncertainty factor not applied to
across-animal-class NOAELSs

and 3650 times more protective of
animals than IAEA standard for
protection of animals

contamination level measured at
sampling points assumed for 100 by
100 ft area

assumed bioavailability of COPECs
for which bioaccumulation and
biomagnification not factored = 100%

% of dietary food intake as soil = 3

contaminants to. the bald eagle. An °
assumption of importance is that the use of
human-based TRVs for radionuclides most
likely leads to an overestimate of risk to the

potential impact to TES from
hypothetical accidental contaminant
releases identified in the DARHT EIS.
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Table A-1. Hazard indices (cumulative HQ) for each of 100 randomly selected potential roosting sites of the
bald eagle in EEU-70. Data is for an unscaled, square home range. The distributions are for (A)
. unwelghted foraging with.a 90% aquatnc diet, (B) welghted foraging with a 90% aquatlc diet, (C)
A ghted: f agmg with & 75% aquatlc dlet (D) weighted foragmg wﬂh a: 75% aquatic diet, (E)
) mwgghted ‘foragl_niw;th a 50% aquatic diet, (F) wieghted fo M Wwith'a'50% aduatic diet:
Roosting
Site No. Column Row A B C D E F
1 220 207 3.72E-03 4.36E-03 6.47E-03 8.29E-03 1.38E-02 1.85E-02
2 161 222 2.87E-03 4.16E-03 5.78E-03 9.06E-03 1.28E-02 1.92E-02
3 183 200 3.21E-03 4.26E-03 6.02E-03 8.86E-03 1.33E-02 1.97E-02
4 197 217 3.20E-03 4.02E-03 6.02E-03 8.26E-03 1.33E-02 1.85E-02
5 151 136 3.20E-03 2.87E-03 6.02E-03 5.07E-03 1.33E-02 1.09E-02
6 257 231 2.88E-03 283E-03 4.31E-03 4.19E-03 8.42E-03 8.08E-03
7 166 155 3.23E-03 3.31E-03 6.05E-03 6.25E-03 1.33E-02 1.37E-02
8 263 214 2.76E-03 267E-03 4.19E-03 3.93E-03 8.30E-03 7.57E-03
9 133 195 2.87E-03 4.09E-03 5.78E-03 8.80E-03 1.28E-02 1.84E-02
10 236 211 3.74E-03 3.91E-03 6.44E-03 6.94E-03 1.37E-02 1.51E-02
1 205 172 3.66E-03 4.31E-03 6.42E-03 8.25E-03 1.38E-02 1.84E-02
12 155 186 3.08E-03 4.20E-03 5.92E-03 8.84E-03 1.31E-02 1.91E-02
13 250 223 2.96E-03 299E-03 454E-03 4.65E-03 9.04E-03 9.37E-03
14 - 245 197 3.14E-03 3.10E-03 5.37E-03 5.26E-03 1.14E-02 1.12E-02
15 236 223 3.65E-03 3.72E-03 6.36E-03 6.56E-03 1.36E-02 1.42E-02
16 206 198 3.57E-03 4.59E-03 6.34E-03 9.20E-03 1.37E-02 2.07E-02
17 259 232 2.87E-03 2.79E-03 4.30E-03 4.09E-03 8.41E-03  7.83E-03
18 142 147 3.07E-03 2.90E-03 5.92E-03 5.44E-03 1.31E-02 1.19E-02
19 198 235 3.01E-03 3.58E-03 5.87E-03 7.42E-03 1.30E-02 1.66E-02
20 268 235 2.70E-03 2.60E-03 3.88E-03 3.56E-03 7.29E-03 6.37E-03
21 248 239 2.89E-03 2.80E-03 4.63E-03 4.39E-03 9.52E-03 8.89E-03
22 217 168 3.69E-03 4.06E-03 6.44E-03 7.52E-03 1.38E-02 1.66E-02
23 187 182 3.37E-03 4.19E-03 6.16E-03 B8.43E-03 1.34E-02 1.89E-02
24 153 140 3.20E-03 2.95E-03 6.02E-03 5.30E-03 1.33E-02 1.14E-02
25 139 185 2.95E-03 4.07E-03 5.83E-03 8.65E-03 1.29E-02 1.83E-02
26 241 186 3.33E-03 3.30E-03 5.84E-03 5.78E-03 125E-02 1.25E-02
27 175 207 3.11E-03 4.27E-03 5.94E-03 9.04E-03 1.31E-02 1.98E-02
28 237 225 3.63E-03 3.66E-03 6.33E-03 6.43E-03 1.36E-02  1.39E-02
29 258 232 2.87E-03 281E-03 4.30E-03 4.13E-03 8.41E-03  7.92E-03
30 127 185 2.88E-03 3.77E-03 5.79E-03 8.02E-03 1.20E-02 1.70E-02
31 254 205 2.65E-03 265E-03 4.08E-03 4.11E-03 8.18E-03  8.25E-03
32 216 213 3.62E-03 4.28E-03 6.38E-03 8.24E-03 1.37E-02 1.84E-02
33 269 - 238 2.71E-03 2.58E-03 3. 89E 03 3.51E-03 7.30E-03 6.23E-03
. 34 ... 218 .. 221" 3.57E-03  4.07E-03...683E-03, . 7.75E-03. :137E-02. 1.73E-02
235 269 - 243 . 2.70E-03 :2.56E-03: "ﬁ3 88E 03 - 346E:03 . 7:29E-03. . "6.10E-03.
36 209 171 3.70E-03 4.30E-03 6.46E-03 8.13E-03 ~ 1.38E-02 1.81E-02
37 170 168 3.23E-03 3.66E-03 6.05E-03 7.21E-03 1.33E-02 1.60E-02
38 225 199 3.72E-03 4.23E-03 6.47E-03  7.93E-03 1.38E-02 1.76E-02
39 189 186 3.38E-03 4.30E-03 6.17E-03 8.71E-03 1.35E-02 1.95E-02
40 240 223 3.56E-03 3.58E-03 6.07E-03 6.14E-03 1.28E-02 1.31E-02
41 155 137 3.22E-03 2.91E-03 6.04E-03 5.17E-03 1.33E-02 1.11E-02
.42 . 2.78E-03 3.91E-03 573E-03  B8.48E-03 1.27E-02 = 1.75E-02
"43. ' -3.29E- 03 "3; 62E-03‘-';-:5--- 6. 09E 03" »6-99E ' '.34E-02"_" 1--;55E-02’
44" "B 14E.03" "4.09E-03 5.97E-03 903E:D | 32E-02° 1.
45 3.61E-03 4.38E-03 6.37E-03 8.54E-03 1.37E-02 1».92E-02
46 3.30E-03 3.70E-03 6.10E-03  7.22E-03 1.34E-02 1.60E-02
47 3.62E-03 4.41E-03 6.38E-03 8.60E-03 1.37E-02. 1.93E-02
48 3.64E-03 3.82E-03 6.35E-03 6.88E-03 1.36E-02 1.51E-02

31




Tabie At (Cont)

Roosting .

Site No. Column Row A B c D E F
49 139 144  3.05E-03 2.80E-03 591E-03 5.20E-03 1.31E-02 1.13E-02
50 175 175  3.28E-03 3.91E-03 6.08E-03 7.82E-03  1.33E-02 1.74E-02
51 3.32E-03 3.71E-03 6.12E-03 7.21E-03  1.34E-02 1.61E-02
52 3.65E-03 3.85E-03 6.36E-03 6.94E-03 1.52E-02

B8 . 281 -2.45E-03 : .2.23E-03.. 3.64E-03.. 2.99E-03 5,195 -03.
54, ..« g -3.65E-03" " 3:84E-03 - " 6.35E:03° .6.91E-03.
55 3.15E-03 3.51E-03 5.98E-03 6.93E-03 1.53E-02
56 3.43E-03 3.47E-03 596E-03 6.08E-03 1.31E-02
57 3.03E-03 2.82E-03 5.12E-03 4.53E-03 9.30E-03
58 3.23E-03 2.95E-03 6.05E-03 5.25E-03 1.13E-02
59 3.70E-03 4.77E-03 6.45E-03  9.46E-03 2.14E-02
60 3.63E-03 4.62E-03 6.39E-03 9.15E-03 2.06E-02
61 3.74E-03 4.65E-03 6.49E-03 9.06E-03 2.04E-02
62 3.12E-03 4.10E-03 5.96E-03 8.54E-03 1.86E-02
63 2.92E-03 3.77E-03 581E-03  7.96E-03 1.70E-02
64 3.27E-03 292E-03 6.22E-03 5.24E-03 ~ 1.15E-02
65 0O5E-03 3.39E-03 583E-03 7.04E-03 120E02 157E-02
66 3.16E-03 3.98E-03 5.99E-03 8.22E-03  1.32E-02  1.84E-02
67 243E-03 221E-03 3.62E-03 2.96E-03 7.02E-03 5.14E-03
68 2.87E-03 3.77E-03 5.78E-03 8.02E-03  1.28E-02  1.70E-02
69 3.18E-03 3.05E-03 6.00E-03 5.63E-03 1.32E-02 1.23E-02
70 3.69E-03 4.12E-03 6.44E-03 7.66E-03  1.38E-02  1.70E-02
71 3.36E-03 3.68E-03 6.15E-03 7.04E-03 1.34E-02 1.56E-02
72 3.40E-03 4.32E-03 6.19E-03 8.74E-03  1.35E-02  1.96E-02
73 3.01E-03 4.23E-03 5.87E-03 9.05E-03 1.30E-02 1.96E-02
74 2.83E-03 2.75E-03 4.26E-03 4.03E-03 8.37E-083 7.71E-03
75 2.89E-03 3.98E-03 5.79E-03 8.51E-03 1.29E-02 1.79E-02
76 3.00E-03 4.08E-03 586E-03 8.71E-03 1.30E-02 1.90E-02
77 3.44E-03 4.10E-03 6.22E-03 8.07E-03  1.35E-02  1.B1E-02
78 3.67E-03 4.20E-03 6.43E-03 7.92E-03 1.38E-02 1.76E-02
79 251E-03 2.18E-03 4.29E-03 3.33E-03 9.20E-03  6.60E-03

- 80 3.32E-03 3.50E-03 6.12E-03 6.63E-03  1.34E-02  1.47E-02

81 3.40E-03 4.19E-03 6.19E-03 8.36E-03  1.35E-02 1.87E-02
82 351E-03 3.57E-03 587E-03 6.06E-03 1.23E-02 1.29E-02
83 3.68E-03 4.10E-03 6.43E-03 7.63E-03 - 1.38E-02 1.69E-02
84 2.90E-03 4.06E-03 5.79E-03 8.71E-03  1.29E-02  1.83E-02
85 261E-03 2.33E-03 4.25E-03 3.45E-03  8.87E-03 6.66E-03
86 3.64E-03 4.29E-03 6.40E-03 8.22E-03 1.37E-02  1.84E-02
87 3.23E-03 4.26E-03 6.04E-03 8.84E-03  1.33E-02  1.97E-02
88 3.35E-03 3.61E-03 6.14E-03 6.88E-03  1.34E-02  1.53E-02
89 3.20E-03 2.93E-03 5.61E-03 4.86E-03 1.21E-02 1.02E-02
90 3.70E-03 3.85E-03 6.40E-03 6.85E-03  1.37E-02  1.49E-02

81, . 208 . 193- 365E:03 4.72E-03. 6.40E-03 9.42E-03 = 1.38E-02.  2.12E-02

92w 2400 2200 3.45E:03 ' - 4.11E-03° 6.23E-03° B06E:03 . 1.35E-02 " 1.81E-02.
93 210 209  356E-03 4.37E-03 6.32E-03 8.61E-03  1.37E-02  1.93E-02
94 240 190  3.39E-03 3.40E-03 592E-03 5.97E-03 1.27E-02 1.29E-02
95 143 178  3.00E-03 3.89E-03 587E-03 8.16E-03  1.30E-02 1.76E-02
96 223 176  3.62E-03 3.96E-03 6.38E-03 7.36E-03  1.37E-02  1.63E-02 -
97 230 264  327E-03 2.99E-03 6.16E-03 5.39E-03  1.36E-02  1.18E-02
98 197 206  3.31E-03 4.26E-03 6.11E-03 8.72E-03  1.34E-02  1.96E-02

.99 145 129 315E-08 264E-03 597E-03 4.55-03  1.32E-02 = 9.66E-03
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Table A-1. (Cont.)

Roosting
Site No. Column Row A B C D E F

TOTAL 3.24E-03 3.66E-03 5.80E-03 6.92E-03 1.25E-02 1.50E-02
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_ Table A-2. Example of "risk sources.” Hazard quotient values are for grid cells within the home range of
roosting site number one and represent the values contributing to the hazard index for roosting

site No. 1. Note that sum of the HQ column is the same as the value in column F of Table A-1 for

roosting site No. 1.

Source Location Roosting Location
Column Row HQ Roost No. Column Row

139 184 1.27E-04 1 220 207
135 228 1.48E-04 1 220 207
136 228 2.08E-04 1 220 207
207 188 1.06E-03 1 220 207
207 189 3.47E-04 1 220 207
207 187 3.33E-04 1 220 207
209.:- 0 188 2.61E-04 R 220 . 207,
205 188 3.30E-04 1 220 207
208 189 3.31E-04 1 220 207
205 189 2.69E-04 1 220 207
210 188 2.59E-04 1 220 207
210 187 3.65E-04 1 220 207
206 189 3.34E-04 1 220 207
204 1.50E-03 1 220 207
207 3.44E-04 ~ 1

208 3.41E-04 1

209 3.87E-04 1 220 207
210 3.59E-04 1 220 207
205 187 3.31E-04 1 220 207
208 187 3.31E-04 1 220 207
145 190 7.35E-05 1 220 207
209 187 3.34E-04 1 220 207
209 189 3.84E-04 1 220 207
143 190 7.01E-05 1 220 207
144 190 1.20E-04 1. 220 207
146 190 7.18E-05 1 220 207
143 191 7.79E-05 1 220 207
146 191 7.31E-05 1 220 207
165 198 4.42E-04 1 220 207
1389 183 8.37E-05 1 220 207
204 188 7.71E-05 1 220 207
206 188 7.47E-05 1 220 207
204 189 4.32E-04 1 220 207
210 189 1.58E-04 1 220 207
136 224 1.20E-04 1 220 207
136 223 1.05E-04 1 220 207
128 219 6.73E-05 1 220 207
134 224 2.82E-05 1 220 207
144 183 2.60E-04 1 220 207
141 186 4.95E-05 1 220 207
140 184 4.80E-05 1 220 207
146 184 1.06E-04 1 220 207
149 185 6.33E-05 1 220 207
147 186 5.93E-05 1 220 207
139 188 5.57E-05 1 220 207
146 192 5.92E-05 1 220 207
144 182 5.28E-05 1 220 207
144 184 5.02E-05 1 220 207

_".-3,4.-: Sy




Table A-2. (Cont.)

Source Location Roosting Location
Column Row HQ Roost No. Column Row
145 184 7.11E-05 - 220 207
146 180 9.25E-05 1 220 207
150 180 6.93E-05 1 220 207
141 181 7.32E-05 1 220 - 207
143 181 5.49E-05 1 220 207
149 181 5.39E-05 1 220 207
151 181 5.53E-05 1 220 207
141 182 6.26E-05 1 220 207
143 182 4.97E-05 1 220 207
147 182 5.80E-05 1 220 - 207
141 184 5.28E-05 1 220 207
143 184 5.34E-05 1 220 207
150 184 7.28E-05 1 220 207
139 185 4.93E-05 1 207
140 . 185, . 4.93E-05. A 207
i44 185 " 5.31E-05 T4 207
145 185 8.36E-05 1 207
151 185 7.21E-05 1 220 207
142 186 5.02E-05 1 220 207
143 186 5.20E-05 1 220 207
144 186 5.07E-05 1 220 207
145 186 7.26E-05 1 220 207
' . 6.33E-05 1.
| 9.94E05, 1+

5.05E-05 1

5.10E-05 1

5.25E-05 1
5.49E-05 1 220 207
4,98E-05 1 220 207
4.98E-05 1 220 207
6.55E-05 1 220 207
1.22E-04 1 220 . 207
1.53E-04 1 220 207
144 191 5.28E-05 1 220 207
204 S| ~ 1.26E-04 1 220 - 207
206 191 3.45E-04 1 220 207
142 T2 1.15E-04 1 220 207
144 192 5.26E-05 1 220 207
144 194 6.10E-05 1 220 207
145 196 7.07E-05 1 220 207
138 185 3.83E-05 1 220 207
138 186 3.94E-05 1 220 207
161 " 199 9.49E-05 1 220 207
32 370 0.00E+01 1 220 207
143 183 2.11E-05 1 220 207
203 184 2.76E-04 1 220 207
125 228 5.94E-05 1 220 207
161 198 9.92E-05 1 220 207
162 198 6.95E-05 1 220 207
162 199 7.21E-05 1 220 207
163 199 1.28E-04 1 220 207
161 200 1.34E-04 1 220 207
162 200 8.75E-05 1 220 ' 207
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Table A-2. (Cont.)

Source Location Roosting Location
Column Row HQ Roost No. Column Row
163 200 8.30E-05 1 220 207
162 201 1.20E-04 1 220 207
31 369 0.00E+01 1 220 207
208 190 4,75E-05 1 220 207
209 191 5.56E-05 1 220 207
135 224 2.44E-08 1 220 207
124 104 8.65E-07 1 220 207
125 104 8.74E-07 1 220 207
126 104 8.83E-07 1 220 207
127 104 8.92E-07 1 220 207
128 104 9.01E-07 1 220 207
126 105 8.93E-07 1 220 207
127 105 9.02E-07 1 220 207
128 105 9.11E-07 1 220 207
129 : 105 9.21E-07 1 220 207
130 105 9.30E-07 1 220 207
127 106 9.12E-07 1 220 207
128 106 9.22E-07 9 207
130 106 9.41E-07 1 207
131 106 9.50E-07 1 207
128 107 9.32E-07 1 207
129 ) So.07, . 9.42E07 1 207
82 1 7 07 9.71E-07 1 207
129 108 ' 9.63E-07 1 207
130 108 9.62E-07 1 207
131 108 9.72E-07 1 207
132 108 9.82E-07 1 207
133 108 9.92E-07 1 207
134 108 1.00E-06 1 207
9.83E-07 1.
1.01E-06 1
1.02E-06 1
1.00E-06 1
1.02E-06 1
1.03E-06 1
1.04E-06 1
1.05E-06 1
1.04E-06 1
1.05E-06 1
1.06E-06 1
1.07E-06 1
1.08E-06 1
1.07E-06 1 220 207
1.08E-06 1 220 207
1.09E-06 1 220 207
1.10E-06 1 220 207
"1.09E-06 1 220 207
1.10E-06 1 220 207
1.12E-06 1 220 207
1.13E-06 1 220 207
1.12E-06 1 220 207
1.13E-06 1 220 207
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Table A-2. (Cont.)

Source Location Roosting Location

Column , Row HQ Roost No. Column Row
140 114 : 1.14E-06 . 1 220 - 207
141 114 1.15E-06 1 220 207
139 T 115 1.14E-06 1 220 207
140 115 1.15E-06 1 220 207
141 115 1.17E-06 1 220 207
140 116 1.17E-06 1 220 207
141 116 1.18E-06 1 220 207
140 117 1,18E-06 1 220 207
141 117 1.19E-06 1 220 207
142 117 1.20E-06 1 220 207
140 118 1.19E-06 1 220 207
141 118 1.21E-06 1 220 207
142 118 1.22E-06 1 220 207
140 119 1.21E-06 1 220 207
141 119 1.22E-06 1 220 207
142 119 1.23E-06 1 220 207
140 120 1.22E-06 1 220 207
141 120 1.23E-06 1 220 207
142 120 1.25E-06 1 220 207
143 120 1.26E-06 1 220 207
141 121 1.25E-06 1 220 207
143 121 1.27E-06 1 220 207
141 122 1.26E-06 1 220 207
143 122 1.29E-06 1 220 207
144 122 1.30E-06 1 220 207
141 123 1.28E-06 1 220 207
142 123 1.29E-06 1 220 207
144 A 123 ~ 1.32E-06 1 220 , 207
445 eage L s e 1B3E08 1 220 v Lo 2070
1425 - T o4 St 1.30E08 : E Y-t D EVRRT AR 207
145 124 1.34E-06 1 220 207
146 124 1.36E-06 1 220 207
147 124 1.37E-06 1 220 207
142 125 1.32E-06 1 220 207

. 143 125 1.33E-06 1 220 207
144 125 1.35E-06 1
47 o1

1.39E-06
E-06 "

: 42E206 ° 1

150 125 1.43E-06 1

151 125 1.44E-06 1

152 125 1.46E-06 1

153 125 1.47E-06 1
154 125 1.49E-06 1 220 207
155 125 1.50E-06 1 220 207
156 125 1.52E-06 1 220 207
157 125 1.53E-06 1 220 207
144 126 1.36E-06 1 220 207
" 145 . 126 . 1.38E-06 1 220 207
146 126 1.39E-06 1 220 207
157 . 126 1,55E-06 1 220 207
158 126 1.56E-06 1 220 207
159 126 1.58E-06 1 220 207
1 220 207

160 126 1.59E-06
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Table A-2. (Cont)

Source Location Roosting Location

Column Row HQ Roost No. Column Row
161 126 1.61E-06 - 1 220 207
146 127 1.41E-06 1 220 207
147 127 1.42E-06 1 220 207
148 127 1.43E-06 1 220 207
153 127 1.51E-06 1 220 207
154 127 1.52E-06 1 220 207
155 . 127 . 1.54E-06 1 220 207
156 127 1.55E-06 1 220 207
157 -o127 1.57E-06 1 220 207
158 127 1.58E-06 1 220 207
161 127 1.63E-06 1 220 207
162 127 1.64E-06 1 220 207
148 128 “1.45E-06 1 220 207
149 128 " 1.47E-06 1 220 207
150 128 1.48E-06 1 220 207
151 128 1.50E-06 1 220 207
152 128 1.51E-06 1 220 : 207
153 128 1.53E-06 1 220 207
158 128 1.60E-06 1 220 207
159 128 1.62E-06 1 220 207
160 128 1.63E-06 1 220 207
161 128 1.65E-06 1 220 207
162 128 1.66E-06 1 220 207
163 128 1.68E-06 1 220 207
164 128 1.69E-06 1 220 207
161 129 1.67E-06 1 220 207
162 129 1.68E-06 1 220 - 207
163 129 1.70E-06 1 220 207
164 129 1,71E-06 1 220 207
165 129 1.73E-06 1 220 207
163 130 1.72E-06 1 220 207
164 130 1.73E-06 1 220 207
165 130 1.75E-06 1 207
166 130 1.76E-06 1 207

SMBA e AR i U LTBE08 X RPN - L CE

166 ' 131 1.79E-06 1 207
167 131 1.80E-06 1 207
165 132 1.79E-06 1 220 207
166 132 1.81E-06 1 220 207
167 132 1.82E-06 1 220 207
166 133 1.83E-06 1
167 1

1874 -1
168 1
167 135 1.89E-06 1
168 135 ‘ 1.91E-06 1
169 135 1.93E-06 1
168 136 1.93E-06 1
169 136 1.95E-06 1 220 207
168 137 1.96E-06 1 220 207
169 137 1.98E-06 1 220 207

1 220 207

170 137 1.99E-06
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Table A-2. (Cont.)

Source Location Roosting Location
Column Row HQ Roost No. Column Row
168 1.98E-06 1 220 207
T 470Y ” 1 i.207
169 1 207
170 1 207
169 2.05E-06 1 207
170 2.07E-06 1 207
171 2.09E-06 1 207
170 141 2.09E-06 1 207
171 141 2.11E-06 1 207
170 142 2.12E-06 1 207
17 142 2.14E-06 1 220 207
170 ' 143 _ 2.15E-06 1 220 o207
171 143 2.17E-06 1 220 207
172 . 143 2.19E-06 1 220 207
170 144 2.17E-06 1 220 207
T 172 144 2.21E-06 1 220 207
170 145 2.20E-06 1 220 207
171 145 .2.22E-06 1 220 207
172 145 2.24E-06 1 220 207
173 145 2.26E-06 1 220 207
171 146 2.25E-06 1 220 207
173 146 2.29E-06 1 220 207
171 147 2.27E-06 1 220 207
172 147 2.29E-06 1 220 207
173 147 2.32E-06 1 220 207
174 147 2.34E-06 1 220 207
172 148 2.32E-06 1 220 207
173 148 2.34E-06 1 220 207
174 148 2.37E-06 1 220 207
173 149 2.37E-06 1 220 207
174 149 2.39E-06 1 220 207
175 149 2.42E-06 1 220 207
173 150 2.40E-06 1 220 207
174 150 2.42E-06 1 220 207
175 150 2.45E-06 1 220 207
174 151 2.45E-06 9 220 207
175 151 2.48E-06 1 220 207
" 176 151 2.50E-06 1 220 207
175 152 2.51E-06 1 207
176, g T B3B8 e Ty 220 T 207
176 153 2.56E-06 1 220 B 207
177 153 2.58E-06 1 220 207
176 154 2.59E-06 1 220 207
177 154 2.61E-06 1 220 207
178 154 2.64E-06 1 220 207
176 155 2.62E-06 1 220 207
177 155 2.65E-06 1 220 207
. o . 2.67E-06 1. . .
178 156 2.70E-06 1
179 156 2.73E-06 1
1

177 157 2.71E-06

220 207
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Table A-2. (Cont.)

. Source - . . location .. - . .. - . .. .. Roosting . Locatlon
Column. - U Row o CHQ. U -RoostNo. vt - Column-c- . Row
178 157 ' 2.74E-06 1 220 207
179 157 2.76E-06 1 220 207
180 157 2.79E-06 1 220 207
178 158 2.77E-06 1 220 207
179 158 2.79E-06 1 220 207
180 158 2.82E-06 1 220 207
181 158 2.85E-06 1 220 207
183 - - SRS :90E-06" e 20 207
184 158 2.93E-06 1 207
185 158 2.96E-06 1 207
186 158 2.98E-06 1 220 207
187 158 3.01E-06 1 220 207
179 159 2.83E-06 1 220 207
180 159 2.86E-06 1 220 207
181 159 2.88E-06 1 220 207
182 159 2.91E-06 1 220 207
183 159 2.94E-06 1 220 207
184 159 2.97E-06 1 220 207
185 - 159 ' 2.99E-06 1 220 207
186 159 3.02E-06 1 220 207
187 159 3.05E-06 1 220 207
188 159 3.07E-06 1 220 207
189 159 3.10E-06 1 220 207
190 159 3.12E-06 1 220 207
191 159 3.15E-06 1 220 207
192 159 3.17E-06 1 220 207
186 160 3.06E-06 1 220 207
187 160 3.08E-06 1 220 207
188 160 3.11E-06 1 220 207
189 160 3.14E-06 1 220 207
180 160 3.16E-06 1 220 207
191 160 3.19E-06 1 220 207
192 160 3.21E-06 1 220 207
103 , 160 3.24E-06 1 220 207
194 160 3.26E-06 1 220 207
191 161 3.23E-06 1 220 207
192 161 3.26E-06 1 220 207
193 161 3.28E-06 1 220 207
194 161 3.31E-06 1 220 207
195 161 3.33E-06 1 220 207
196 161 3.36E-06 1 220 207
197 161 3.38E-06 1 220 207
198 161 3.40E-06 1 220 207
199 161 3.42E-06 1 207
195 162 3.38E-06 1 207
1% . . 162 . 3.40E-06 . 1 207
AQ7 L aniaeR s s 3.43E08 g - 2070
98"~ 162 ' 3.45E-06 1 C207
199 162 3.47E-06 1 220 207
200 162 3.49E-06 1 220 : 207
201 162 3.52E-06 1 220 207
202 162 3.54E-06 1 220 207
203 162 3.56E-06 1 220 207




Table A-2. (Cont.)

Source Location Roosting Locatlon
Column Row HQ Roost No. Column Row
200 163 3.54E-06 1 220 207
201 163 3.56E-06 1 220 207
202 163 3.59E-06 1 220 207
203 163 3.61E-06 1 220 207
. 204 . 163, .. 3B3E06. 1. 220 _ 207
206 ' 163 : 3.66E-06 1 20 T 207
204 164 3.68E-06 1 220 207
205 164 3.70E-06 1 220 207
206 164 3.72E-06 1 220 207
207 164 3.73E-06 1 220 207
208 164 3.75E-06 1 220 207
209 164 3.76E-06 1 220 207
. 207 : . . 3.79E-06. A, .
208, “3.80E-06 R
3.82E-06 1
210 3.83E-06 1
211 3.85E-06 1
212 3.86E-06 1 220 . 207
213 3.87E-06 1 220 207
210 3.89E-06 1 220 207
211 3.90E-06 1 220 207
212 3.92E-06 1 220 207
213 3.93E-06 1 220 207
214 3.94E-06 1 220 207
215 3.94E-06 1 220 207
216 3.95E-06 1 220 207
217 3.96E-06 1 220 207
218 3.96E-06 1 220 207
219 3.96E-06 1 220 207
220 3.96E-06 1 220 207
213 '3.99E-06 1 220 207
214 4.00E-06 1 220 207
215 4.00E-06 1 220 207
216 4.01E-06 1 220 - 207
217 4.02E-06 1 220 207
218 4,02E-06 1 220 207
220 4,02E-06 1 220 207
221 4.02E-06 1 220 207
222 4.02E-06 1 220 207
223 4.02E-06 1 220 207
224 4,01E-06 1 220 207
225 " 4.00E-06 1 220 207
218 4.08E-06 1 220 207
219 4,08E-06 1 220 207
220 4,08E-06 1 220 207
221 4,08E-06 1 220 207
222 4,08E-06 1 220 207
223 4,08E-06 1 220 207
225 4,07E-06 1 220 207
226 4.06E-06 1 220 207
227 4.05E-06 1 220 207
. 228 L . 4.03E-06 1 220 _ 207
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Table A-2. (Cont.)

Source Location ' Roosting Location
Column Row HQ Roost No. Column Row
224 169 4,13E-06 1 220 207
225 169 4,13E-06 1 220 207
226 169 4,12E-06 1 220 207
227 168 4,11E-06 1 220 207
228 " 169 4,10E-06 1 220 ' 207
229 169 4.08E-06 1 220 207
227 170 4,17E-06 1 220 207
228 170 4,16E-06 1 220 207
229 170 4,14E-06 1 220 207
230 170 4.13E-06 1 220 207
228 _ R 14 DU 4.22E-06 1 207
230° -0 7 Ty T 49E0e I 2207 - Tt w207
229 172 4.27E-06 1 220 207
230 172 4.25E-06 1 220 207
231 172 4.23E-06 1 220 207
230 173 4.31E-06 1 220 207
231 173 4,29E-06 1 220 207
232 173 4.27E-06 1 220 207
174 1

. 3.36E-06

220

4,42E:06 1

232 175 4.40E-06 1 220

233 175 4,37E-06 1 220

232 176 : 4,46E-06 1 220

233 176 4.43E-06 1 220 207
234 176 4.41E-06 1 220 207
233 177 4,50E-06 1 220 207
234 177 4,47E-06 1 220 207
236 177 4,44E-06 1 220 207
236 177 4.41E-06 1 220 ' 207
237 ST A 4,38E-06 ‘1 220 . 207
238 177 4.34E-06 1 220 207
239 AT 4.31E-06 1 220 207
240 : 177 4.27E-06 1 220 207
234 178 4,53E-06 1 220 207
235 178 4.50E-06 1 220 207
236 178 4,47E-06 1 220 207
237 178 4,43E-06 1 220 207
238 178 4.40E-06 1 220 207
239 178 4,36E-06 1 220 207
240 178 4.33E-06 1 220 207
241 178 4,29E-06 1 220 207
242 178 4,25E-06 1 220 207
235 179 4.56E-06 1 220 207
236 179 4,53E-06 1 220 207
240 179 4,38E-06 1 220 207
241 179 4.34E-06 1 220 207
242 179 4,30E-06 1 220 207
243 179 4,26E-06 1 220 207
242 180 4,35E-06 1 220 207
243 _ 180 4.31E-06 1 220 207
244 180 4,27E-06 1 220 207
245 180 4.22E-06 1 220 207

42




Table A-2. (Cont.)

Source Location Roosting Location

Column Row HQ Roost No. Column Row
243 181 4.36E-06 1 220 207
244 181 4.32E-06 1 220 207
245 181 4.27E-06 1 220 207
244 182 4.36E-06 1 220 207
245 182 4.32E-06 1 220 207
246 182 4.27E-06 1 220 207
245 183 4.36E-06 1 220 207
246 ) 183 4.32E-06 1 220 207
247 183 4,27E-06 1 220 207
245 184 4.41E-06 1 220 207
246 184 4.36E-06 1 220 207
247 184 4.31E-06 1 220 207
246 185 4.40E-06 1 220 207
247 185 4.35E-06 1 220 207
248 185 4.30E-06 1 220 207
249 185 4.25E-06 1 220 207
247 : 186 ~ 4.39E-06 1 220 207
249: 0 .7 igg - 4.99E-06 .k - .207-
250 186 4.24E-06 1 207
248 187 4.38E-06 1 207
249 187 4,33E-06 1 207
250 187 4.27E-06 1 207
251 187 4.22E-06 1 207
249 188 4,36E-06 1 207
1 207

250 188 DAl
o 4256:06

ROT

“4.20E°06 1 <207

4.29E-06 1 207

4.23E-06 1 207

4.32E-06 1 207

4.26E-06 1 220 207
251 191 4.35E-06 1 220 207
252 191 4.20E-06 1 220 207
251 192 4.38E-06 1 220 207
252 192 4,32E-06 1 220 207
251 193 4,41E-06 1 220 207
252 . 193 . 4.35E-06 1 . 220 o207
251 194 4,43E-06 1 220 207
252 . 194 4.37E-06 1 220 207
251 195 4,46E-06 1 220 207
252 195 4.40E-06 1 220 207
251 196 4,48E-06 1 220 207
252 196 4.42E-06 1 220 207
253 196 4.36E-06 1 220 207
252 197 4.44E-06 1 220 207
253 197 4,38E-06 1 220 207
252 198 " 4.46E-06 1 220 207
253 198 4,39E-06 1 220 207
254 198 . 4.33E-06 1 220 207
253 199 4.41E-06 1 220 207
254 199 " 4,35E-06 1 220 207
253 200 4.43E-06 1 220 207
254 200 4,36E-06 1 220 207
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Table A-2. (Cont.)

Source Location Roosting Locatlon
Column Row HQ Roost No. Column Row
254 201 4.37E-06 1 220 207
255 201 -4,31E-06 1 220 207
254 202 4.38E-06 1 220 207
255 202 4.32E-06 1 220 207
256 202 _ 4.25E-06 1 220 207
257 202 4,19E-06 1 220 207
255 203 4,33E-06 1 220 207
256 203 4,26E-06 1 220 207
257 203 4.20E-06 1 220 207
258 203 4,13E-06 1 220 207
259 . 203 4.07E-06 1 220 207
260 203 4,01E-06 1 220 207
261 203 , 3.95E-06 1 220 207
262 203 3.89E-06 1 220 207
263 203 3.83E-06 1 220 207
257 204 4,20E-06 1 220 207
258 204 4.14E-06 1 220 207
259 204 4,08E-06 1 220 207
260 204 4,02E-06 1 220 207
261 204 3.96E-06 1 220 207
263 204 3.84E-06 1 220 207
264 204 3.78E-06 1 220 207
265 204 3.72E-06 1 207
267 04 U 361E06 E 220 T 20T,
268 ' 204 3.56E-06 1 220 207
261 205 3.96E-06 1 220 207
262 205 3.90E-06 1 220 207
263 205 3.84E-06 1 220 207
264 205 3.78E-06 1 220 207
265 205 3.73E-06 1 207
266 205 3.67E-06 1 207
5 . o I . 1, Wt
1 220 207
270 205 3.45E-06 1 220 207
271 205 _ 3.40E-06 1 220 207
267 206 3.62E-06 1 220 C 207
268 206 3.56E-06 1 220 207
269 2 3.51E-06 1 220 207
270 206 3.45E-06 1 220 207
271 206 3.40E-06 1 220 207
272 206 3.35E-06 1 220 207
273 _ - 208 ' 3.30E-06 1 220 207
270 207 3.45E-06 1 220 207
271 . 207 . 3.40E-06 1 220 207
272 207 3.35E-06 1 220 207
273 207 3.30E-06 1 220 207
274 207 3.25E-06 1 220 207
272 208 .3.35E-06 1 220 207
273 208 3.30E-06 1 220 207
274 208 3.25E-06 1 220 207
275 208 3.20E-06 1 220 207
273 209 3.30E-06 1 220 207
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Table A-2. (Cont.)

Source Location Roosting Locatlon
Column Row HQ Roost No. Column Row
274 209 3.25E-06 1 220 207
- 275 209 3.20E-06 1 220 207
274 210 3.25E-06 1 220 207
275 210 3.20E-06 1 220 207
274 211 3.24E-06 1 220 207
275 211 3.19E-06 1 220 207
276 211 3.15E-06 1 220 207
274 212 _3.24E-06 1 220 207
276 212 *3.14E-06 1 220 207
274 213 3.23E-06 1 220 207
275 213 3.18E-06 1 220 207
276 213 3.14E-06 1 220 207
275 214 3.18E-06 1 220 207
276 214 3.13E-06 1 220 207
275 215 3.17E-06 1 220 207
276 215 3.12E-06 1 220 207
275 216 3.16E-06 1 220 207
276 216 3.12E-06 1 220 207
277 216 3.07E-06 1 220 207
275 217 3.16E-06 1 220 207
277 217 3.06E-06 1 220 207
275 218 3.15E-06 1 220 207
276 218 3.10E-06 1 220 207
277 218 3.05E-06 1 220 207
278 218 3.01E-06 1 220 207
279 218 2.96E-06 1 220 207
276 219 3.09E-06 1 220 207
277 219 3.05E-06 1 220 207
278 219 3.00E-06 1 220 207
278 220 2.99E-06 1
279 220 2.95E-06 1
280 220 2.90E-06 1
281 220 2.86E-06 1
282 220 2.82E-06 1 220 207
283 220 2.78E-06 1 220 207
284 220 2.73E-06 1 220 207
- 280, . 221 - - . ..2.89E-06. A 207 .
281 Le8 £ 2,85E:06 T 207
282 221 2.81E-06 1 220 207
284 221 2.73E-06 1 220 207
285 221 2.69E-06 1 220 207
286 221 2.65E-06 1 220 207
287 221 2.61E-06 1 220 207
288 221 2.57E-06 1 220 207
289 221 2.53E-06 1 220 207
282 222 2.80E-06 1 220 207
283 222 2.76E-06 1 220 207
. 289 222 2,52E-06 1 220 207
290 222 2.49E-06 1 220 207
291 222 2.45E-06 1 220 207
283 223 2.75E-06 1 220 207
284 223 2.71E-06 1 220 207

45



able LCon :).

Source Location Roo’stl'ng' “Location

Column Row HQ Roost No. Column Row
291 223 2.44E-06 1 220 207
292 223 2.40E-06 1 220 - 207
284 224 2.70E-06 1 220 207
285 224 2.66E-06 1 220 207
286 224 2.62E-06 1 220 207
292 224 2.40E-06 1 220 207
286 225 2.61E-06 1 220 207

. 287 225 2.57E-06 1 220 207
292 T 228 ' 2.39E-06 1 220 207
287 226 2.56E-06 1 220 207
288 - 228 2.52E-06 1 220 : 207
292 226 2.38E-06 1 220 207
288 227 2.51E-06 1 220 207
289 227 2.48E-06 1 220 207
292 227 . 2.37E-06 1 220 207
289 228 2.46E-06 1 220 207
290 228 2.43E-06 1 220 207
291 228 2.39E-06 1 220 207
292 228 2.36E-06 1 220 207
290 229 2.42E-06 1 220 207
291 229 2.38E-06 1 220 207
290 230 - 2.41E-06 1 220 207
201 230 2.37E-06 1 220 207
290 231 2.40E-06 1 220 207
201 231 2,36E-06 1 220 207
290 232 2.38E-06 1 220 207
291 232 2.35E-06 1 220 207
280 233 2.37E-06 1 220 207
291 233 2.34E-06 1 220 207
290 234 2.36E-06 1 220 207
291 234 2.32E-06 1 220 207
291 235 2.31E-06 1 220 207
292 235 2.28E-06 1 220 207
201 236 2.30E-06 1 220 207
292 236 2.27E-06 1 220 207

e 28 . 2.20E-06 . 1 20 207

RIS R L 2 0BE06 L O T e POF T T e
203 © . - 287 - 7 0 22%E06 1 207
291 238 2.27E-06 1 207
282 238 2.24E-06 1 207
293 238 2.21E-06 1 207
294 238 2.18E-06 1 220 207
292 239 2.23E-06 1 220 207
293 239 2,20E-06 1 220 207

- 2,17E-06 . 1.
i F214E08 A
2.18E:06 1
2.15E-06 1
2.12E-06 1
2.09E-06 1 _
2.06E-06 1 220 207
294 241 2.14E-06 1 220 207
295 241 2.11E-06 1 220 207
296 241 2.08E-06 1 220 207
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Table A-2. (Cont.)

Source Location Roosting v Location

Column Row HQ Roost No. Column Row
207 241 2.05E-06 1 220 207
298 241 2.02E-06 1 220 207

. - N oA .- 1.89E-06 A L 207 .
TB00.°L el e LT S 197E06 REs 307
301 241 S 1.94E-06 1
302 241 1.91E-06 1
303 241 1.89E-06 1
304 241 1.86E-06 1
296 242 2.07E-06 1
297 242 2.04E-06 1
208 242 2.01E-06 1
301 242 1.93E-06 1
302 242 1.90E-06 1
303 242 1.87E-06 1
304 - 242 : 1.85E-06 1
305 242 1.82E-06 1 220 207
298 © 243 2.00E-06 1 207
299 243 1.97E-06 1 207
300 243 1.94E-06 1 207
301 243 1.92E-06 1 207
303 243 . 1.86E-06 1 207
304 243 1.84E-06 1 207
305 243 1.81E-06 1 207
306 243 1.79E-06 1 207
307 243 1.76E-06 1 207
304 244 1.83E-06 1 207
305 244 1.80E-06 1 207
307 244 1.75E-06 1 207
305 245 1.79E-06 1 207
307 245 1.74E-06 9 207
308 245 1.72E-06 1 207
305 246 1.78E-06 1 207
306 - 246 1.75E-06 1 207
308 246 1.71E-06 1 207
306 247 1.74E-06 1 207
308 247 1,70E-06 1 207
306 248 1.73E-06 1 207
308 248 1,68E-06 1 207
306 249 1.72E-06 1 207
307 249 1,70E-06 1 207
308 249 1.67E-06 1 207
309 , , 249 1.65E-06 1 207
39 - 7 g56 7 1.p4E06 = - 207
310 250 1.62E-06 1 207
307 251 1.67E-06 1 220 207
310 251 1,61E-06 1 220 207
307 252 1.66E-06 1 220 207
308 252 1.64E-06 1 220 207
310 252 1.60E-06 1 207
1
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Table A-2. (Cont.)

Source Location ' Roosting Location
~ Column . Row _ HQ Roost No. Column Row
08 o L TRBA L L o w i 1B0E08 - 1 2200 . ... 207
311" - - ‘284 ' '455E06 i 220 S 207
309 255 1.58E-06 1 220 207
311 255 1.54E-06 1 220 207
309 256 1.57E-06 1 220 207
31 256 1.53E-06 1 220 207
309 257 1.56E-06 1 220 207
311 257 1.52E-06 1
1

311 259 1.50E-06 1
309 260 1.53E-06 1.
310 260 1.51E-06 1
311 260 1.49E-06 1
309 261 1.51E-06 1
310 261 1.49E-06 1 220 207
309 262 1.50E-06 1 220 207
310 262 1.48E-06 1 220 207
309 263 1.49E-06 1 220 207
310 v . 263 : 1.47E-06 1 220 . 207
309 264 1.48E-06 1 220 207
© 310 - 264 1.46E-06 1 220 207
308 265 1.48E-06 1 220 207
309 265 1.47E-06 1 220 207
308 266 1.47E-06 1 220 207
309 266 "1.45E-06 1 220 207
308 267 1.46E-06 1 220 207
309 267 1.44E-06 1 220 207
308 268 1.45E-06 1 220 207
309 268 1.43E-06 1 220 207
307 269 1.45E-06 1 220 207
308 269 1.43E-06 1 220 207
309 269 1.42E-06 1 220 207
307 270 1.44E-06 1 220 207
308 270 1.42E-06 1 220 207
306 271 1.44E-06 1 220 207
307 271 1.43E-06 1 220 207
308 271 " 1.41E-06 1 220 207
306 272 1.43E-06 1 2 207
307 272 1.41E-06 1 220 207
308 272 1.40E-06 1 220 207
307 273 1.40E-06 1 220 207
308 273 1.38E-06 1 220 207
309 273 1.37E-06 1 220 : 207
307 274 1.39E-06 1 220 207
308 274 1.37E-06 1 220 207
309 274 1.35E-06 1 220 207
B0 L SRTAT i e 1,34E08 L S 2200 . . 20T
308: 0 0 ppy 1.36E-06 - R 29 20T
310 275 1.33E-06 1 220 207
308 276 1.35E-06 1 220 207
309 276 1.33E-06 1 220 207
310 276 1.31E-06 1 220 207




Table A-2. (Cont.)

Source ~ Locatlon Roosting .Location
Column Row HQ Roost No. Column Row
311 276 1.30E-06 1 220 207
309 277 1.32E-06 1 220 207
310 277 1.30E-06 1 220 207
311 277 1.29€-06 1 220 207
312 277 1.27E-06 1 207
311 278 _ 1.27E-06 1 207
gt o gre T ADBEDB ] ..207.
312 279 1.25E-06 i 207
313 279 1.23E-06 1 207
312 280 1.23E-06 1 207
313 280 1.22E-06 1 207
312 281 1.22E-06 1 207
1.21E-06 1 207
1.21E-06 1
1.20E:06 1 e
4 20E:08 1
1.19E-06 1
1.19E-06 1
1.17E-06 1
1.16E-06 1
1.16E-06 1
1.15E-06 1
1.14E-06 1
1.15E-06 1
1.13E-06 1
. _ 1.11E-06 A 1
313 287 " 1.14E-06 1
314 . 287 1.13E-06 1
316 287 1.10E-06 1
314 288 1.12E-06 1
315 288 1.10E-06 1
316 288 1.09E-06 1
317 288 1.08E-06 1
315 289 1.09E-06 1
316 289 1.08E-06 1
317 289 1.07E-06 1
316 290 1.07E-06 1
317 290 1.06E-06 1
316 291 1.06E-06 1
317 201 1.05E-06 1
318 201 1.03E-06 1
317 292 1.04E€-06 1
318 202 1.02E-06 1
317 293 1.03E-06 1
318 293 1.01E-06 1
317 294 1.02E-06 1
318 204 1.00E-06 1
318 205 9.93E-07 1
317 296 9.94E-07 1
318 206 9.83E-07 1
317 297 9.84E-07 1
318 207 9.73E-07 1
1

317 208 9.74E-07
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Table A-2. (Cont.)

Source Location ' Roosting Location

Column Row HQ Roost No. Column Row
318 298 9.63E-07 1 220 207
319 298 9.53E-07 1 220 207
318 299 9.53E-07 1 220 207
319 299 9.43E-07 1 220 207
317 300 9.54E-07 1 220 207
318 300 9.43E-07 1 220 207
319 300 9.33E-07 1 220 207
317 301 9.44E-07 1 220 207
318 301 9.33E-07 1 220 207
317 302 9.34E-07 1 220 207
318 302 9.24E-07 1 220 207
319 302 9.14E-07 1 220 207
317 . o 1808 ... 9.24E-07 .. 1 2200 .. 207
319 303 ' 9.04E-07 1 220 207
318 304 9.04E-07 1 220 207
319 304 8.94E-07 1 220 ' 207
320 304 8.85E-07 ‘ 1 220 207
321 304 8.75E-07 1 220 207
319 305 8.85E-07 1 220 207
320 305 8.75E-07 1 220
323 ’ 305 8.47E-07 1 220 207
321 306 8.57E-07 1 220 207
322 306 8.47E-07 1 220 207
323 306 8.38E-07 1 220 207
324 306 8.29E-07 1 220 207
325 306 0.00E+01 1 220 207
322 307 8.38E-07 1 220 207
323 307 8.29E-07 1 220 207
324 307 8.20E-07 1 220 207
324 : 308 8.12E-07 1 220 207

Total 1.85E-02
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Table A-3. Ranked mean partial HQ by contaminant for EEU-70 for the bald eagle. The scenario
included a foraging occupancy ratic of 0.50:0.50 for aquatic: terrestrial, and terrestrial
foraging was weighted in a square home range.

Note: COPECs with HQ = 0 Jacked parameter input values such as a TRV

Rank COPEC HQ Std Err No.Obs. HQ % of Total
1 Pentachlorophenol 3.66E-03 1.19E-03 100 24.38%
2 Cesium-137 2.23E-03 8.49E-04 100 14.83%
3 Aluminum 1.83E-03 3.74E-04 100 12.16%
4 Calcium 1.39E-03 4.87E-04 100 9.25%
5 Mercury 1.08E-03 457E-04 100 717%
6 Vanadium 6.62E-04 2.49E-04 100 4.41%
7 Cobalt-60 5.39E-04 1.88E-04 100 3.59%
8 Magnesium 5.15E-04 2.05E-04 100 3.42%
9 Aroclor 1248 3.76E-04 1.30E-04 100 2.50%
10 Antimony 3.55E-04 1.43E-04 100 2.36%
1 DDT [p.p 3.38E-04 1.06E-04 100 2.25%
12 Nickel 3.25E-04 7.66E-05 100 217%
13 Manganese 2.80E-04 6.28E-05 1.87%
14 Lead 2.29E-04 5.50E-05 1.52%
15 Aroclor1254 . . 2.17E-04 7.50E-05 1.44% |
L6 S ZIRG T T R OB-04 s e 8i02B-05 il 100 0 140%, o
17 - Barium T 2.04E-04 . °2581E-05 U100 C136% " 7
18 Potassium-40 7.44E-05 2.64E-05 0.50%
19 DDE [p,p 7.40E-05 2.55E-05 0.49%
20 Chromium 5.35E-05 8.43E-06 0.36%
21 Arsenic 5.16E-05 1.05E-05 0.34%
22 Copper 472E-05 = 2.67E-05 0.31%

1.66E-05

0.31%

23 Radium-226
24 . - SUVEF <
- Molybdenumy:- .

26 "Cadmium

27 Beryllium

28 Sodium

29 Selenium

30 Pyrene . .

31 Thallium 7.92E-06 2.63E-06 100 0.05%
32 Hexachlorobenzene 5.42E-06 1.74E-06 100 0.04%
33 Mecoprop(MCPP) 4 54E-06 1.50E-06 100 0.03%
34 Di-n-butyl phthalate 4.32E-06 1.48E-06 100 0.03%
35 RDX , . 3.56E-06 1.39E-06 100 0.02%
36 Uranium 3.21E-06 1.65E-06 100 0.02%
37 Dieldrin - 2.81E-06 9.69E-07 100 0.02%
38 Aroclor 1260 2.45E-06 8.48E-07 100 0.02%
39 Dinitrotoluene [2,4- 2.24E-06 8.16E-07 100 0.01%
40 Uranium-238 1.78E-06 6.20E-07 100 0.01%
41 Aldrin 1.42E-06 4.86E-07 100 0.01%
42 Dichlorophenol [2,4- 1.27E-06 4.06E-07 100 0.01%
43 Uranium-234 1.04E-06 3.76E-07 100 0.01%
44 Boron 8.10E-07 1.89E-07 100 0.01%
45 Dinitrophenol [2,4-] 6.96E-07 2.26E-07 100 0.005%
46 Dinitrobenzene [1,3- 6.32E-07 2.45E-07 100 0.004%
47 Trinitrotoluene [2,4 5.24E-07 2.06E-07 100 0.003%
48 Trinitrobenzene [1,3 5.08E-07 1.97E-07 100 0.003%
49 Bis(2-ethylhexyl)pht 4 81E-07 1.63E-07 100 0.003%
50 Benzoic Acid 4.78E-07 1.55E-07 100 0.003%

51



Table A-3. (Cont.)

Rank COPEC ‘ HQ Std Err No.Obs. HQ % of Total

51 Hexachioroethane 3.80E-07 1.22E-07 100 0.003%
52 Plutonium-239 3.45E-07 2.62E-07 100 0.002%
53 Naphthalene 2.89E-07 9.29E-08 100 0.002%
54 Uranium-235 2.73E-07 9.40E-08 100 0.002%
55 Tritium 1.95E-07 1.29E-07 100 0.001%
Plutonium-238 . 118E-07 7.72E-08 100 0.001%
D [2,4-] 1.04E-07 3.43E-08 100 0.001%
Nitrobenzene 9.93E-08 3.67E-08 100 0.001%
DB [2,4-] 7.79E-08 2.59E-08 100 0.001%
Chlorophenol fo-] 7.59E-08 2.44E-08 100 0.001%
Methylphenol [4-] 7.59E-08 2.44E-08 100 0.001%

Cyanide 6.42E-08 2.16E-08 100 0.0004%

(2,4-Dichlorophenoxy 5.66E-08 1.86E-08 100 0.0004%

Hexachlorocyclopenta 5.42E-08 1.74E-08 100 0.0004%

Dalapon 4.85E-08 1.60E-08 100 0.0003%

HMX 4.64E-08 1.79E-08 100 0.0003%

Endrin aldehyde 4.09E-08 1.41E-08 0.0003%

Endrin ketone 4.09E-08 1.41E-08 0.0003%

Endrin 4.09E-08 1.41E-08 0.0003%

Americium-241 2.80E-08 1.41E-07 0.0002%

Fluoranthene 2.35E-08 1.32E-08 0.0002%

Chlordane [alpha-] 2.20E-08 7.53E-09 0.0001%

Chlordane [gamma-] 2.20E-08 7.53E-09 0.0001%

~_ Heptachior epoxnde ... 1.50E-08 5.13E-09 ~.0.0001%

o4 Anthracene R ABE-08 e . 6.22B-09 - +.0.0001%: ..
‘" Azobenzene T 1.45E-08 ~ - 4.65E-08 - 0.0001%

Trichlorophenol [2,4 1.37E-08 4.44E-09 0.0001%

Dichlorobenzene (1,2 9.49E-09 3.04E-09 0.0001%

Sodium-22 8.49E-09 . 4.22E-08 0.0001%

Phenol : 7.86E-09 2.52E-09 0.0001%

Dimethylphenol [2,4- 7.59E-09 2.44E-09 0.0001%

Methylphenol [2- ] 7.59E-09 2.44E-09 0.0001%

- .3,00E-08. .. . - +~-0,00004%... .. .

__»,Ruthemum 106 co. - 5.91E-09 .

I 1/6BE:09 -

s« Dinoseb.: R B.07E09. _ ~0.00003%- -~
'Dicamba 4.90E-09 1.64E-09 ' 0.00003%
Lindane 4.37E-09 1.50E-09 0.00003%
87 Trichlorobenzene [1, 3.80E-09 1.22E-09 100 0.00003%
88 Vinyl Chloride 3.63E-09 2.32E-09 100 0.00002%
89 Fluorene 3.50E-09 1.16E-09 100 0.00002%
90 Isophorone 2.53E-09 8.13E-10 100 0.00002%
91 Butyl benzyl phthala 2.39E-09 7.67E-10 100 0.00002%
92 Acenaphthene 2.31E-09 7.45E-10 100 0.00002%
93 Di-n-octyl phthalate 2.17E-09 6.97E-10 100 0.00001%
94 Endosuifan Il , 1.96E-09 '6.75E-10 100 0.00001%
95 Heptachior 1.87E-09 6.41E-10 100 0.00001%
96 Cerium-144 1.82E-09 9.07E-09 100 0.00001%
97 Toxaphene 1.77E-09 6.06E-10 100 0.00001%
98 DDD {p,p 1.28E-09 4.40E-10 100 0.00001%
29 Endosulfan | 9.99E-10 3.42E-10 100 0.00001%
100 Methoxychlor 4.74E-10 - 1.62E-10 100 0.000003%
101 Bromomethane 4.41E-10 2.82E-10 100 0.000003%
102 Dimethyl phthalate 3.80E-10 1.22E-10 100 0.000003%
103 Methylene Chioride 2.49E-10 1.66E-10 100 0.000002%
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Table A-3. (Cont.)

53

Rank COPEC HQ Std Err No.Obs. HQ % of Total
104 Diethyl phthalate 8.28E-11 2.66E-11 100 0.000001%
105 Trichloroethane (1,1 8.25E-11 5.29E-11 100 0.000001%
106 Dichlorodifluorometh 4.11E-11 2.63E-11 100 0.0000003%
107 Xylenes (0 + m + p) 3.98E-11 2.55E-11 100 0.0000003%
108 - Trichloropropane [1, 3.86E-11 ‘2.47E-11 100 0.0000003%
109 Dichloroethane [1,1- 3.43E-11 2.20E-11 100 0.0000002%
110 Endosulfan suifate 2.93E-11 1.01E-11 100 0.0000002%
111 Carbon disulfide 2.80E-11 1.80E-11 100 0.0000002%
112 Tetrachloroethylene 2.20E-11 1.41E-11 100 0.0000001%
113 Chloroform 2.06E-11 1.32E-11 100 0.0000001%
114 Carbon tetrachloride 1.93E-11 1.23E-11 100 0.0000001%
115 Dichloroethane [1,2- 1.79E-11 1.15E-11 100 0.0000001%
116 Bromodichloromethane 1.72E-11 1.10E-11 100 0.0000001%
117 Bromoform 1.72E-11 1.10E-11 100 0.0000001%
118 Chlorobenzene 1.62E-11 1.04E-11 100 0.0000001%
119 Toluene 1.19E-11 7.61E-12 100 '0.0000001%
120 Benzene 1.17E-11 7.49E-12 100 0.0000001%
121 Dichloroethene [tran 6.65E-12 4.46E-12 100 0.00000004%
122 Acetone 4.18E-12 2.69E-12 100 0.00000003%
123 -Ethylbenzene 3.18E-12 2.03E-12 100 0.00000002%
124 Styrene 1.54E-12 9.88E-13 100 0.00000001%
125 Trichiorofluorometha 3.09E-13 1.98E-13 100 0.000000002%
126 Acenaphthylene 0 0 100
127 Aniline 0 0 100
128 Benzo[a]anthracene 0 o
129 Benzo[a]pyrene 0 0
130 Benzo[b]fluoranthene 0 0
131 Benzo[g,h,ilperylene 0 0
132 Benzolk]fiuoranthene 0 0
133 Benzy! alcohol 0 0
134 . Bis(2-chloroethoxyym = 0 0

04135 Bis(2-chlorosthylet © 0 i E
'~ 136 Bis(2-chioroisopropy B -0 0
137 Bromobenzene 0 0
138 Bromochloromethane 0 0
139 Bromophenylphenyl et 0 0
140 Butanone [2-] 0 0
141 Butylbenzene [n-] 0 0
142 Butylbenzene [sec-] 0 0
<-"143 . - Butylbenzeneftert-]. . - .. -0. 0
144...; - Chloro-8-methylpheno-.. s 0% -0
145 Chloroaniline [4-] 0 o
146 Chlorodibromomethane 0 0
147 Chloroethane 0 0
148 Chloromethane 0 0
149 Chloronaphthalene [2 0] 0
150 Chlorophenylphenyl e 0 0
151 Chiorotoluene [o0-] 0 0
152 Chlorotoluene [p-] 0 0
153 Chrysene 0 0
154 Cobait . 0 0 100
155 Dibenzo[a,h]anthrace 0 0 100
156 Dibenzofuran 0 0 100



Table A-3 (Cont )

157 o leromo 3-chloroprop S
158 Dibromoethane [1,2-]
159 Dibromomethane

160 Dichlorobenzene (1,3
161 Dichlorobenzene (1,4
162 Dichlorobenzidine [3
163 Dichloroethene [1,1-
164 Dichloroethylene [ci
165 Dichloropropane (1,2
166 Dichloropropane [1,3
167 Dichloropropane [2,2
168 Dichloropropene [1,1

169 Dichloropropene [cis
170 Dichloropropene [tra
171 Dinitrotoluene [2,6-
172 Hexachiorobutadiene

173 Hexanone [2-]
174 Indeno[1,2 3-cd]pyre

175 Iron -
176 Isopropylbenzene
177 Isopropyltoluene [4-

178 Methyl lodide

179 Methyl-2-pentanone [
180 Methyi-4,6-dinitroph
181 Methylnaphthalene [2
182 Nitroaniline [2-]

183 Nitroaniline [3-]

184 Nitroaniline [4-]

185 Nitrophenol [2-]

186 Nitrophenol [4-]

187 Nitrosodi-n-propylam

188 Nitrosodimethylamine
189 Nitrosodiphenylamine
190 Nonacosane

191 Phenanthrene

192 Potassium

- 193 Propylbenzene .. .
- 2194 . “Radvan Gross AlphaS S
" 195" " Radvan Gross Beta S¢
196 Radvan Gross Gamma S
197 Saturated Hydrocarbo
198 Terpene Hydrocarbons

199 Tetrachloroethane [1
200 Trichloro-1,2,2-trif
201 Trichloroethene

c+-202 .~ lnmethylbenzene {1, -
203:.- "~ Unknown-organic. comp :
204 Unknown Polynuciear

205 Dichloroethene [1,2-
206 Aroclor 1016
207 Aroclor 1221
208 Aroclor 1232
209 Aroclor 1242

oooooog‘;:booooood’”‘cjfoooooooooooooooooooooooooocoooooooooo;;g

54



Table A-3. (Cont.) : o : R :
Rank COPEC HQ Std Err No.Obs. HQ % of Total
210 BHC [alpha-] 100
211 BHC [beta-] 100
BHC [delta-]
Chloro-o-tolyloxyace

-dinitrotol
Amino-4,6-dinitrotol
Nitrotoluene [m-]
Nitrotoluene [o-]
Nitrotoluene [p-]
Octadecanoic acid
Tetryl(methyl-2,4,6-
Carbazole
Benzidine [m-]
Totarol or isomer
Unknown alkanes
Oxygenated Hydrocarb
Actinium-228
Bismuth-211
Bismuth-212
Bismuth-214
Lead-212
Lead-214
Radium-224
Thallium-208
Radvan Tritium Scree
Unknown organic acid
Hexadecanoic acid
Strontium-90
240 Gross Apha
241 Gross Beta
242 Gross Gamma
243 Tin
244 Strontium
245 Barium-140
246 Europium-152
247 Neptunium-237
Total 1.50E-02

CO0O0O0D00O00O0O000000000O0000000000000O®00000
COO00O000O0O00O0D0O00000000000000000O00000
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