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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. Gall~~os, T.eralene S. Foxx, Philip R. Fresquez. Mary A. Mullen, 
Lawrence-K Pratt, and Penelope E .. Goinet. - - · -- · '-:- : - -- - --- -

Tl1e J;;p.c:l~&~I~d Species_ Act of _1 ~73 anq __ ~e R'i.::_<?rd _ _pf p~c_isi~p. OJ:l tl!~ J?.u;al ___ _ 
.-Axis Ractio~ittphic Hydrodyoahtic- Test,:F~'cility~at· the· Il;;s<:~litlri.,9,$; ~ ratiqJ'lal "'---' 
Laboratory (LANL) require that the Dl~partment of Energy'Jp:- ::ltect the b~,:d eagle
(Haliaeetus leuc~cephalus), a ~ta!f and .ftrfic ally listed speci~!il,. fr~:-m ~tressors 
such as contaminants. A prelun~nruy ·; :sk assessment of the ~ud e( gle was 
performed using a custom FORTRAN cc~ le, ECORSK5, and the geog·aphical 
information system. Estimated exposure 1m es to the eagle for radio:mclide, 
inorganic metal, and organic contamjm,nts were derived for Vl:\rying ratios of 
aquatic vs. terrestrial simulated die~ aLd cc mpared against toxicity rl'ference 
values to generate hazard indices (His). HI :.esults indicate that no apf-reciable 
impact to the bald eagle is expected from contaminants at LANL from soil 
ingestion and food consumption pathways. This includes a measure of cuuulative 
effects from multiple contaminants that assumes linear :·ad'-~itive toxicity. 
Improving model realism by weightipg simulated eagle foraging based on distance 
from potential roost sites increased1~tht HI by 76%, but still to :nconsfquential 
levels. Information on risk by specwc.§! ·ographicallocation was g~:nerated, which 
can be used to manage contaminated ueas, 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 cif 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 endaqgered species .(TES) __ 
including the -bald eagle (Haliaeetus · 

1 

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 
component of the. HMP. Previous 

--_- as·sessm~rits : bave· · beerL conducted Oil: the 
Mexican spotted owl (Strix occidentalis) and 



the American peregrine falc~m (Falco recreating on and around wa~er aear eagle 
peregrinus anatum) with the results habitat drove them away. 
summarized in Gonzales et a1. (1997). The Even with these early1 pr~ss1;res on eagle 
assessments are regulated by the US Fish populations, the bald eagle is a robust bird 
and Wildlife Service as the statutory that has managed to survive for over a 
authority of the Endangered Species Act of million years including periods of widely 
1973. varying environmental co 1ditions (Colborn 

The general approach for performing the 1991). The'b; ld eagle is a top predator that 
assessment was to make a quantitative has: Ut t :fficicnt energy-conversion system 
appraisal of the potential effects that soil . and JIJe, ?ers~~ty 

1

to s~ive climate an.d 
contaminants might have on the bald eagle . ·. food< bas~ ch~hge$ •. (~oborn . 1991). nus 
when introduced through soil ingestion and adaptat ility led to th~· cor. .:lusion that; with 
food consumption pathways using a much nore ra11id declines that began in the 
modified Quotient Method described by the 1940s, something entirely new had to be 
US Environmental Protection Agency (EPA) introduced into the eagle's environment to 
(EPA 1996, EPA 1992). The method suddenly reduce it's reproductive fitness 
generally involved comparing calculated after a million years (Colborn 1991). The 

···abses to t!}e:::"b~I~:?C.h.gle. ·ag~nsf•-#l.xici_cy,,c: •. ·:_ >:- ·;t:i1ild-e-~g1e's' pr6ven::}iardin~ss·suggested.that 
reference.'va:lues:·(TRVs)''either'provided .iii -· .. ·. the. more receiit''rapid <iedii:1e·· was· probably 
or estimated from the scientific literature. not the result of natural stresses, but more 
An "ecological exposure unit (EEU)," likely from anthropogenic sources. Three 
consisting of a predetermined potential probable causes were identified that most 
roosting habitat and a calculated foraging likely contributed to the rapid decline: 
area or home range (HR), was evaluated. poaching by humans, the release of 
Collectively the roosting habitat and the HR dichlm )diphenyltrichloroethane (DDT) and 
comprised a bald eagle EEU (Figure 1). other >rganochlorine insecticides into the 

enviror.ment, and inadvertent but 
2.0 Background detrim ntal human interaction with the bald 

2.0.1 The Bald Eagle and Contaminants eagle. 
The bald eagle inhabits the North Ch mical pesticides and chlorinated 

American continent from the Gulf . of hydroc ubons were once used 
Mexico to the Arctic (USFWS 1982). In the indisct:minately in the United States to 
early 1900s, human interest in the bald eagle control insects and are still used lavishly in 
may have begun a slow but gradual decline some parts of the world. The rapid and 
in eagle populations as bird watchers severe decline in the bald eagle population, 
collected eggs and bird specimens with little which began in the 1940s, was specifically 
regard for preservation of the species associated " : th the potential effects of the 
(Colborn 1991). Many states and provinces pesticide DDT. (USFWS 1982). In the 
paid bounties on bald eagles because they United State~, heaviest use of DDT began in 

the 1950s, 3.,:, d an estimated one million were considered to be nuisances that preyed 
metric tons of DDT had been released on livestock and ate too many salmon. The 

lack of forestry management led to habitat globally by H 69 (Colborn 1991). Synthetic 
destruction and loss of adequate roosting organic cherucals such as DDT are 

· sites (Colborn 1991). Since eagles stay close particularly hL .mful to the bald eagle 
to the waterways that they rely on, people 

2. 
·: .. · . .~. ·~ 
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because their predation from the top of their _ er,dangered to threatened for all of the lower 
food web led to the accumulation of 4f states. 
chemicals in their tissue through the process Since the 1972 ban of DDT, levels of 
known as biomagnification. DDT, its DuT, DDE and dichlorodiphenyldichlor 
metaboli~s, and other organochlorine (DDD) in bald eagles have decreased 
pesticide residues build up in the bird's body significantly (WWF 1990). In a study at 
tissue as a result of the dangerous Padre Island, Texas, between 1978 and 1994 
concentrations within their prey (Burnett et the geometric mean of . DDE residues 
al. 1989). The concentrations typically found dropped from 1.43 to 0.41 ~gig wet wt 
in bald eagles were not lethal to the adults, (Henny et al. 1996). DDT and DDD levels 
but dichlorodiphenylethelyne (DDE), a dropped to nondetectable levels in 1994 
break-down product of DDT, resulted in compared to 0.44 and 0.28 ~gig, 

eggshell thinning and breaking, leading to respectively in 1984. It is important to note, 
reduced roosting success (Burnett et al. however, that neither pesticide 
1989). DDT also limits bald eagle contamination nor population decline for 
reproduction by increasing embryo mortality any species in North America have been 
(Koeman et al. 1972). By the mid 1960s, the uniform (USFWS 1982). 
decline in breeding bald eagles exceeded 50 Locally, the bald eagle is a migrant and 
percent in so.me. area~. and.approached IQ(j· . . .- .. winteftesident a.lqng the Rio Orande and on 
percent in extreme cases (Nebraska Wildlife lands adjactnt to LANL. Winter roostirig 
1997). In addition, roosting failures of 55 counts of bald eagles in the Cochiti Lake 
percent to 96 percent were found for the area have generally increased from 1979 to 
remaining roosting pairs. 1996 (Johnson 1993). As the Cochiti Lake 

Human perspectives about eagles have delta continues to expand, the number of 
shifted from indifference and ignorance to a · .vintering eagles on DOE land in White 
great·regarc;i~ ··a'Qd 1e<i:Jo :ex teris1,ye act~on: fu"~ ·. ··•· ·:.· ·.l1~_-9o9c3k)/.:_·can-yon_. -~~~~p~~----.... ~~~as~:. :.:~:t9?.~son· 
protect th~ bald·:~agle.' M:~}or eagle b;~edl~g·'''•'•' 
areas have been designated and protected. 
The Bald Eagle Act was passed in 1940 2.0.2 F :sk Assessment at Los Alamos 
making it illegal to sell, transpcrt, export, or Natior.al Laboratory 
import any live or dead bal'jt€2 gle, its parts, n,e development of methods for 
roosts, or eggs. In 1966, th~ Uf Department estinia ·ng the effects of toxic substances on 
of Interior closed eagle rr:osting sites on an\t· al and plant populations at LANL, with 
most public lands dning the roosting puticu:ar interest in ecosystem dynamics, is 
season. In 1972, the use of poisons on public an on~oing program at this Laboratory. 
lands was banned by Pres~.1ent:al Executive Rec~nt efforts to standardize the estimation 
Order. Then in 1978, 'he bald eagle was me~~10cs for LANL have been published and 
classified as endang ~red in 43 states and were ~sed as a guide for this study 
threatened in another five sa.:~s (USFWS (Ferel)·,augh et al. 1997). The method 
1982). All of these efforts have elevated the emi:·' oys a tiered approach whereby 
bald eagle from virtual extinction to conser:ative risk screening is conducted 
threatened status. Population increases have first, and then successive stages of 
been recorded throughout much of the bald progrecsively more . complex risk 
eagle range. As a result, in t9~ 5, the status assessuents are performed in subsequent 
of the bald eagle was ~J) mged from "tiers.'· The HMP risk component for a TES 

' does :; ~ot include an initial screening of 

4 



contaminated sites. Since it is requited 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 lby:, 
regulators (Ferenbaugh 1997). Also, nsk • 

II' 

determination for protected species re<~uires ' 
a . greater level of accuracy than can 
sometimes be attained using 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 roosting habitat and 311 esthnated· ·~. 
HR that is based on body weight, both as 
describt-d below. 

territuies is ipdexed to factors of elevation, 
slope,,, :rrey : abundance, diversity, and 
vulnerability. ~oosting is restricted to the 
lower portions of LANL near the Rio 
Ora:,de, which includes all or sections of the 

. kwer portions of. F·Jtrillo Canyon, Water 
Canyon, Ancho: Ca:1yon, and Chaquehui 
CanJ·on (Joh:.son 1996a). Bald eagles have 
been sighted flying in upper Los Alamos 
Canu·on, however, 11 f1ey ~ not known to 
roost in the · UJi Her portions of LANL 
(JOTh1SOn 199(a). 

2.1.3 Home Range 
The bald eagle will travel approximately 

2.6 km in radius from their roost to forage 
(Ga-rett et al. 1993). The HR, or foraging 
area, around any specific roosting site was 
estir.1ated according to Peters' (1993) 
equhtion for carnivorous birds as 

~ = 8.3 • BODWTu7
, (1) 

. ~ .. 
. -... -_ ·: ... -~. -. ·-

HR = animal home range, km2
, and 

BODWT= animal body weight, kilograms 
2.1.2l'~esting Habitat fresh weight (kgfwt). 

The preferred roosting habitat of the bald The heavier body weight of the two 
eagle is waterfront or shoreline with large genders, 3.1 kgfwt, was assumed for both 

, ' ' .. , ·· , ~'petclt,·tl~e~ ~th-at~offei:.··an:unobstni~.::tep vie'V·<> ·· :- 3f\}at¢:and feinale:l?,al(J.:~~gle (~CJ996)f · 
. . . of for8Jiilg. are~s "(Garrett ef' at.·'"·r993).''· :· altlic1~ some.varT<i:tion;occlirs b€twebfartd 

Visibili' y and proximity to food and water within sexes. 
are crifcal in roosting habitat (Stalmaster 
1976, s·.vensen et al. 1986). 

Loc.Jly, habitat identification has been 
based en analysis of foraging and roosting 
topogra.:'hy and cliff characteristics 
associat~d with bald eagle breeding areas 
(Johnso:1 1996a, 1992). Roosting suitability 
is based on factors of cliff or tree size, 
structure, position, proximity to aquatic 
habitat, and temperature (Johnson 1991). 
Suitable roosting habitats are monitored for 
occurancy and roosting activity (Johnson 
1996a, 1983). Suitability of breeding 

5 

2.1.4 Ecological Exposure Units and 
Home Range Mapping 

The extreme boundaries of the bald 
€ agle EEU were established by mapping an 
u-ea that was 3.1 km from the extreme most 
rlorth, south, west, and east boundary of the . 
roosting habitat. The resultant EEU, 
neasuring 125 km2

, is shown in Figure 1. 
LEU-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 C!j mpilation 

2.2.1 Data Source and Compilation 
Procedure 

Data use: J for this risk assessment were 
collected for environmental surveillance and 
restoration t- ..:tivities at LANL by sampling 
and analyzhg 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 n:ctals; and terrestrial soils for 
inNganic, .organic, __ .. _and radioactive. _ 
c< 1tamihant: "foim 1992--1996 (e~g;, LANL --
19J7). Anal: tical results from this sampling 
an maintained in an Oracle database (Oracle 
1 ~:J4a) by Facility for Information 
M~magement, Analysis, and Display 
(EMAD). FIMAD data can be accessed 

>throug4 th~-co~4-1jneStructureg·QlJ.efY '> 

Language' (OraCle- '1994b) or -thro1l~ the : -_ -
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: 

6 

-• ---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 Gil 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 f'!lan one sampling point 
existed within a 100- x 100-ft grid cell, 
arithmetic meuns were calculated and 
used as repres~r. tative of the grid cell. 
Considerations on assigning contaminant 
concentrations tc unsampled points and 
on spatial weighting techniques were 
previously discr ssed (Gallegos et al. 

__ 1997). _ Spph:sticated estimation 
:-' :tet~rtiqil~s \ver¢ "-iiof ~inployed_ for--thjs 

level (''Tier 2'') of risk assessment. 
Assuming th~~ tn entire 100- x 100-ft 
area contained an analyte concentration 
that was measu:·ed in as few as one 
sample is a con~-ervative assumption in 

__ cas~s 4l.;whi~h -~-mtantina~ion)~Jlctpally 
_: -confmed io an5ili:~a.lesS.;t1lan 10~000. Je.- ·.:. 

• 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, backgro_und _ value, 
n~mper: _,, ()f .. ~Ea,lytes per . cell, x
copxQJ.q~~~,;~.::~:.:~'y::~qprrlirii!te_;. . : .. ,--.arid·::,: .. , 
bioaccritnulation factor (BAF) and/or 
bioma~ification factor (BMF). Finally, 
the fielcs were formatted as a database 
("eeuini .dat") for input to the model 
"ECORSK5." 

2.2.2 Data Q,w tity Assurance 
('' ' 

2.2.2.1 FaciliJy for Information. 
Managem12nl, Analysis, and D · <iplay Data 

The ekctro:uc data that w, re available 
for the ecJlogl cal risk databa~e were the 
anyl_master ta' Jle maintained by FIMAD. 
The basic as~un 1ption in this Sti:Jdy was that 
FIMAD data were sufficiently current and 
sufficiel.tly rGcurate such that any (leviation 
in acct :11cy a :td currency that was not 
factored in \\auld not impact the conclusion 
on risk. . Th13, e is some evidence supporting 
this assumt.tion. 

The E:wironmental Restoration (ER) 
Office has committed resources to quality 
assurance/q.Iality control issues to ensure 
that the electronic data are reliable. This 
process ge:terally includes a comparison 
between had copy results received from the 
laboratories and the electronic version of the 
data. Estimates are that anyl_master table 
data are accurate, Le., generally between 
95% and 98% (Manzel 1997). At the time 
that the _ data _. · were . download~d; . 
approximately 75% . of the data .• in. the .·. 

·,· ... , .. : :· ... ~· .. ·.. ' . :., ' -· . 

FIMA.P d:ita __ w()ul9 hay~ little impact on 
r.isl'. y_~U~§ 3?d. no imp~ct qn _ risk 
·conClusions ·ptitii~il~ 1:>~'*1Jse:the .. riumher.of 
grid celis sampied- for-''each ex~chtion of 
ECORSK5 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, of 
··_.· saniplipg ::.:.: addresses •ffie 'underestimate-of 

risk associated with th~ . pres~nce 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 

stage_tables had been ,.:;dited and the data 
that were yet to be edited were considered 
only 50% accurate. Based .on the source 
distribution of the da~ used in this study 
(99% analytical_info ta~)les and 1% staging 
tables) and ·th~ ·-est;imatcd accuraCies- . <1% ___ .. 

.. . ., -· . . .. ,_ .... 
o% x o.7s·x 0':5Yofilif stage table d~ia-·and: ·• 

.. ciow,n!o.~d, .<;ompilat~on, and risk a!;~.essJI1ent 
. . process as ··curtehtlyi:;ptanned. This,:will~-~tak~ 

advantage of any increas~s in database 2 to 5% of the analytical info table data were 
potentially inaccurate. 

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

accuracy. 

7 



2.2~2~2 n~~Retrieval · ... 
The process of downloading analytical 

results from FIMAD, identifying sampling 
locations using Arc View, compiling them 
into a location table, and perfonning queries 
has been detailed in a prior report (Gallegos 
et .-· al. 19?.7ru._ -A~, .. a .. fmaJ che~k qn 
currentness,. a_.database·. onginaily compiled·-
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-ma.1th 
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 Conclusion on Data Quality 
Assurance. · : : · . · 

. The ~~joritY of . the relevmt available 
data used for this preliminary ecological risk 
assessment provide an adequately 
conservative representation of soil 
contamination within the EEU. 
Improvements in future . studies wm be the 

••• , •••. ·< • · •·•• ·'ttictt1Si9!i:!:Qf':4~~~::Yi<w:l;~.1he -:;~~-5~t!~_tp~i:,::·, 
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·••.utble~ _which h_as·_bigher_Jtccumcy. ·1\;s. the · 
EEU s 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 
C,()nt,i:tlupus~. _. som.e~iJJ1~S . n~pe~i.tiv~~ _,pr<_>~ess 

···"ffiat ~ill provi~i.il~tle4.:··~ssirran¢.C<ihar the · 
data are reliable and accurate. 

2.3 Preliminary List of Contaminants of 
Potential Ecological Concern 

Contaminants of potential ecological 
concern (COPECs) are those 

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

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

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

• 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 given 
COPEC could be calculated, as discussed 
later, only if a TRV was available for that 

· · ..... <::;QJ,>:EC.>Th~.pr~limina.ry COPEC list for the 
. bald. e~gl~.-· shoui&:ultiniately ·be ··revised 'on 
the basis of the eagle's sensitivity, and 
whether complete pathways exist from 
contaminant sou:-ces to the bald eagle 
(Ferenbaugh et al. : 997). 



2.4 Eagle. Diet . -
Adjacent to LANL, bald eagles forage 

along the Rio Grande and Cochiti Lake, and 
their wintering includes the area within 

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

LANL boundaries. While they forage most. .. ·.· 
often in the viCinity bf Cochiti Lake, they · ·. i6: Risk Calculation · 
use all of White Rock Canyon regularly, and Defined simplistically, ecological risk 
the entire Pajarito Plateau occasionally assessment is the appraisal of actual or 
(Johnson 1996a). The bald eagle's use of potential effects of contaminants on flora 
White Rock Canyon within the LANL and fauna. The measure used in this study to 
boundary is expected to increase as the quantitatively appraise risk from 

.. Cochiti Lake .. P,elta. e~_panqs upstreru:n.an<i as · ... _ pontanlinants to, the Q~4: ~agle -is ,a:mod~fie4 
numbers -of._~inkri"ng· :bald eagies: In~rease> · .. ··· ·Q~6t1~nt · .Melli~:a.:~;:,(£Pk:··· .·1996~ ."1992) 
(Johnson 1996a). whereby the Hazard Quotient (HQ) serves as 

Bald eagles are second-order carnivores. the measure of potential risk. Modification 
They are predators and opportunistic of the method primarily entailed the 
scavengers. In 14 breeding areas of Arizona, inclusion of "noncontaminated" areas (grid 
the average composition of bald eagle diet cells) in the simulated foraging process. 
was 76% fish, 18% mammal, 4% bird, and Section 2.4 established the range in fish 
2% reptile/amphibian (Grubb 1995). Fish consumption by the bald eagle as 49% to 
consumption comprised 76% of the eagle's 94%. On this basis, the proportion of fish 
diet on average and ranged from 49% to assumed in the diet of the eagle for this 
94%. Locally, the bald eagle consumes study ranged from 50% to 90%. 
primarily fish, and also eats waterfowl, small Specifically, three different dietary ratios of 
mammals, especially rabbits, and carrion at aquatic (fish) to terrestrial foraging were 

· about the same ratio of aquatic to terrestrial considered--90:10, 75:25, and 50:50. 
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 

• Primary . Source of Contamination: 
Burial and outfalls; 

• Primary Release Mechanisms: Erosion, 
runoff, direct coritact of soil,. rodent 
burrowing, outfall release, plant uptake, 
volatilization, and . soil . particl~ 

. .susp~~sioil; . -

.. ·. ~ :. ... ·., ·. . 
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2.6.1 Nonradionuclide Contaminants 
The general form of the HQ used for the 

inorganic metal and organic contaminants is 
defmed as 

HQ=DcffRV, 
where 

HQ = Hazard Quotient, 

(2) 

De = estimated chronically consumed dose, 
mg COPEC/kg body wei!_ht per day, 
and 

TRV =consumed dose, mg COPE :!kg body 
weight per day, below wt.ich adverse 
effects ate not expected to c ccur. 

. _· .. · When: :.HQs·:·for. all con~atpi::ants-_. are 
.. summed, it become-s. a cumuiative : I Q and. is 
termed Hazard Index (HI). The risk . 

::,· 



_ __e_yaJuation __ criteria used for interpreting HI 
results are shown in Table 1. With a 
threshold evaluative criteria of 1.0, His or 
HQs >1.0 are considered indicative of 
potential for impact and, more conclusively, 
indicate the need to further assess risk to the 
species by (a) examining the conservative 
assumptions and model input parameters for 
excessive conservatism, and/or (b) 
conducting a more complex ("Tjer 3~') risk. 
assessmene . A more . detailed version of the 
formula above for computing the HI from 
multiple contaminants and multiple 
contaminated areas is 

Nonradionuclides: 

Food= ru;nount.9f :ood consumed by a 
gfvbn animal, kg/day, 

Fs = fraction of food ingestion consumed 
- as soil, 

I .J: Ml9 -~ iomagntication factor (for 15 
,l'_· { COPECs), 

I ,Occupj = occupancy factor on the jth 
contamination site, 

Dcj.I = concentration of COPEC in soil 
, (mg CQPEC/kg soil) for .the jth 

··-~· co~.tammatiol1 siteofthe.lth, · · ·. 
CC.PEC, · 

Dr1 = con::umed dose above which 
observable adverse effects may 
occur, mg-COPEC/kg-body 
weight-day of the lth COPEC, and 

, -, :~ . . , .· "'' :;-.o~:. , .nclic ·. ·, : •..... · .. _. . _,Pan ,: ·;::: adjust:Ipent.factor .for.Dn.ab(ly.~.for, 
HI = FoOd x-Fs/Bodwt,~:l:'OccuprL-J3Ml1 IX,~;J<Dr, ,:<-oaii)~ (3); ••· .. · · ~· · ·' the lth COPEC~ . .' .. :,.. :_. ·· . .-· .:· 

. j=1 1=1 Bodwt = body weight, kgfwt, of the 

where, 

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

receptor species, 
ncs = # contaminated sites, and 
ncoc = # contaminants. 

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

Hazard Index Range 
<1.0 
1.0-10.0 
10-100 
>100 

2.6.2 Food Intake (Food) 
Daily food consu.:iptLn of . a given 

animal is estimated in ECOR.: K5 using the 
following relationshipt (EPA 1993a): 

0.886 
Food= 0.0687 X BODWT nu: rrunals, ( 4a) 

Food= 582 X BODW'tl·651 birds, (4b) 

Conclusion 
No appreciable impact 
Small potential for impacts 
Substantial potential for impacts 
Ecological impacts very probable 

Food= 0.0135 X (BODWT·1000)0
'
773 reptiles 

and amphibians, (4c) 

where 

Food = food consumption rate, kg/day, of dry 
matter, and 

BODWT = body weight of animal, kgfwt. 

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

· :.· .. tO ..... ,·_ .. , 



.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 Occupa,lcy Factor (Occup) 
Occupancy factors are defined in this 

study as the fraction of the time in a given 
day that an ar.imal spends feeding in a given 
area. Occupt :1cy is assumed to be time 
averag<: d ovu a long period to obtain a 
probabilistic ; ehtfon~hip. This . factor cap._ be . 
determitied on ari. a real basis if it is· assumed 
that any given :rrea within an animal's 

__ .IT'\l{O _cases of .. Occupj were_ considered 

for '1the terrestrial portion of ~tpe simulated 
diet: 
1. Onweighted foraging: the bald eagle 

ft eds within its calculated HR with no 
rt gard to distance of any f~ding area 
~Jid cell) from a potential rodst site, and 

2. · Vleighted foraging: Occupj = e -r/2000 

(Johnson 1996b), which esti:nates the 
nlative probability of foraging as a 
fnnction of radial distance in meters 
f:·om the roost. This r<• sults in 
Blj! proximately 50% of th~. foraging 
,,rithin two km of the roost s3te for the 

·· . . -.tcdest,ri~ p()rtion·· :of the diet· .(Johnson 
'1096b); . .·. .. 

habitat is equally :ikely to serve as a feeding s~nce the occupancy factor is part of the 
location for a gi\·en animal tver the long ECdF~.SK5 input, the user is able to modify 
term. However, many fzctor8 could restrict this relationship to reflect increased or 
or enh~ nee a given atea to su~1port feeding decreased feeding in a specific grid area. 

c ... , .:· •• activip~s· depel1di}8?>f'Jl· the d:striblJt~ol} , (}(..< . , ·:· · .Th~-1Qcati6h ~t:·':tlie.· IX?tefi.!iaJ_ ro8st1~g<site 
food itt th~ 'EEU:;<t:.e;reLti"Ve a' tessibHity of''·· .... withiri an .. :EJitJ'· ... deiehil.ines .. . -which 
feeding areas, and f( .~ding patr ·ms/habits of contaminated and noncontaminated grid 

the predator. cells are included in the summation portion 
of Eq. 5. The selection process is discussed 

where 

Occupj 

A· J 

Ef· J 

= 
= 

= 

(5) 

occupancy factor of the j!b grid, 

area, km2
, of the jtb grid within 

the HR of a given animal, 
enhancement factor of the j!b grid 

within the HR of a given animal, 
and 

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

2.6.4 R1 dionuclides 
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 



II , 
' • :: . J .,, 1 ) ~ ~ ' 

' =go1:.f!i: ~~~hh peregrine falcon 

The HQ method apti'lying human SALs 
to animals is similar ~o the HQ method 
involving ingested doses: 

Radio ~~ uclides: 

ncs ncoc 
HI = I, Occup1 I, SC1./( SAl; x SALa.) , (6) 

j=l 1=1 

where, 

ill = Hazard Index (cumulative HQ for all 
COPECs), 
SCjJ = soil concentration of COPEC, pCi

COPEC/kg-soil for the jth 
contamination site of the 1 th 
COPEC, _ . .__ _ 

SAL. = sc~ning action level, pCi : · · · 
COPEC/kg soil of the lth COPEC, 

SALa. = adjustment factor for SAL1 above 
for the 1 th COPEC, 

Occupj = occupancy factor on the jth 
contamination site, 

Jl.CS .:=, number. of ~ontamination sites, and . 
, ·. , .. , ' · ,:,ri~(;c'',~ .n#nih~FQ.r-b§~tari#nant~_:11:l.th~.iili' .. 

contamination site. 

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, Fs, 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 

the 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). W,Ji~:Iife may ingest 
amounts of _soil Whi\~1' :ceding that are 
substantial enough to con~titute the main 
source of exposure to environmental 
contaminants. 

The F. used for the bald eagle in this 
· . ~tl}dy , -~~s .. COll.Sf!.IYati~~ly_ estimated from 

.-.real dahl' ·bll :coric«i~tta'tion~ of. radiolluclides 
in fish and sediment as 

F = /sed .. c ' 
food (7) 

. ,• . . ~:; \/ <!i·,;_: __ · -~ ..• ~ 
·· :_·<·:·;>~here --- ... · 
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Fs = fraction of diet comprised of soil, 

lsed =sediment ingestion rate (gdry d"1
), and 

Ctood= food consumption rate (gdry d"1
) based 

on gut content; 

I ·= Srod 
.•ed SC • 

'rtul 

where 

(8) 

srad = radionuclide sediment intake rate 
(pCi d"1

) and 



_ _s_crad __ =_ concentration of radionuclide in 
sediment (pCi g-1

); 

and 

(9) 

where 

T rad = radionliiclide concentration in fish 
viscera, muscle, and associated 
skelet0i1 (pCi ·g(dry)-1

). 

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

· pre<J<nninaiJ.tly- rodent~. {inch.idirtg peltS} tlt~t:· : · 
have direcfcontact with soli on ·a: d8.ily 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 

· ·:'c<liisui#e'P.e.1ts (i~/~~ih~~~Jike th~ _o~; tlie:f;.> ·: 
for the" ·eagle·'-wouid be smaiiei for'' the.-· 
terrestrial component of their diet. Thus, an 
Fs of 2.0% for the bald eagle is adequately 
conservative. 

2.6.( Bioaccumulation and 
Bioi(·: agnification 

~cveral historical cases have implied that 
the 1 igher the trophic level of an organism 
on a food chain, the greater its susceptibility 
to b~oma~[.fication (Leidy 1980). In this 
scen::rio, cmnivores such as the bald eagle 
could be more subject to biomagnification 
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than herbivores. How_ever, 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 

• 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), 

• _ "biomagnification alone cannot lead to 
very high concentrations of most heavy 
metals in top carnivores" (Laskowski 
1991), and 

:·: ;.·: ,·: "·bi()iriagniflc~tion· E'tliuitii b~. responsible ·. 
for toxiC effects of heavy metals in 
terrestrial carnivores" (Laskowski 1991). 

Nevertheless, 

• biomagnification of heavy metals to 

·~;-·_:··i~~~oWl:!illiti~s~i~~~~1~,;:{;~~~'!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, 
bioaccumulation 

scenarios including 
and biomagnification 

phenomena were assessed: 



-~-. ~-

·,.-: . 
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2.6.6.1 Aquatic BAFs/BMFs 
BAFs and BMFs for the a~?atic (fish) 

portion of the foraging rcheme were 
inherently included in the cal<;ulation of F5 • 

As previously mentioned, cdt~tami 1ant data 
in fish was available only for radlonuclides 
and metals. Since sampling rest- Its have 
consistently shown no detection of organics 
in sediment (LANL 1996) anq1 or~anics in 
fish have not been analyzed fqr/,organics, 
bioaccumulation and biomagnifi"ation of 
org~ic COPECs was included in the 
estimates of risk for the terr~s'crial diet 
component only. 

-'~··. -7 .. 
··. "··,. 

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

2.6. 7.~est Site Selection and Simulated 
Bald'!Eagle Foraging ' 

o.~tails of this process ~ ve been 
previously described (Gallegos et ~J. 1997a). 
Upon randomly selecting a potent:al roost 
site within the defined roosting habi· at of the 
125-km2 EEU, ECORSK5 (descril.ed later 
in this report) develops an HR of 
approximately 39 km2 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 

2.6.6.2 Terrestrial BAFs/BMFs number of times specified, which in this 
BAFs for aldrin, dieldrin, endrin, DDT, case was a total of 100 simulations. Three 

and DDE were 5.35, 5.35, 7.9, 2.62, and cases of the ratio of simulated foraging on 
2.62, respectively, taken from Calabrese and aquatic prey (fish) vs. terrestrial organisms 
Baldwin (1993) for the bald eagle in a (carrion) were modeled - 50:50, 75:25, and 
terrestrial food web. For the same respective 90:10. Contaminated grid cells "selected" 
COPECs in a terrestrial food web, BMFs during one simulation are "replaced" for 
were 9.42, 9.52, 2.04, 89.2, and 28.2, possible selection during a subsequent 
respectively. On average, these terrestrial- simulation, therefore the soil contaminant 
based BMFs were 0.111% of the BMFs for population is not independent from one 
aquatic systems published as human health simulation to another. 
value criteria under the Clean Water Act By assuming that the bald eagle forages 
(EPA 1993b), and the terrestrial-based BAFs in noncontaminated as well as contaminated 
listed above were 31.35% of aquatic-based grid cells, our risk estimate lessens a source 
BAfs. J11ese: fractions were us.ed to adj]l~t· , ~f}~rror;- t,hat. Tiebout ancl ;Brugg~r. .( 19?5) 
mean aquatic . BMFs and BAFs. for 10 contlude leads tB over~s-timation of'risk;-'i:e., 
additional COPECs for use on terrestrial the error associated with the implicit 
systems in this study. The source of the assumption normally made in the Quotient 
aquatic BMFs for the 10 additional COPECs Method that birds remain in a contaminated 
was Smith et al. (1988). The terrestrial- zone. This assumption also satisfies EPA 
adjusted BMFs . by COPEC, used in this guidance that "for many terrestrial animals, 
stUdy· ~~.re,_· a,i;Wa~~liC.~ .L02; ·aJL~~clrn:~.-> ·:- ·:afijus:Q:nents:· of ~pos-qr~.cestimates may b~ . 
34.63; benZo(a)pyrene, .. 1.68;·· chio;dane,' - .... rieededto accourt{fcn:'·tln~"possibilitythat all 
15.65; 1,4-dichlorobenzene, 0.06; lindane, food obtained by a given animal may not be 
0.30; mt:~'cury, 6.11; phenanthrene, 13.39; from the affected area" (EPA 1989). This is 
pyrene, 21.64; and thallium, 0.13. BMFs for especially true for wide ranging animals 
radioacti' ·e isotopes of Am, Cs, Pu, and Sr, such as the bald eagle. 
were 4.47, 3.55, 2.23 and 0.44, respectively. 
BAFs and BMFs for additional COPECs 

14 



-. . . ~ : . 
·· .. · ... · .. . ·:· . . -· .. ·.. . : .• r . . ·~ . .... , . 

·: .... · '.,·. 

2.6.8 Toxicity Reference Values .... inadequate in ecologicaL risk assessment 
(Calabrese and Baldwin 1993). Attempts to 

2.6.8.1 Nonradionuclides calculate extrapolations of TRVs have been 
.... ••· ''The TRVs.:.cho~·Jo.use· in·.quap.tify#i:g_, .. :· ::maqe·'_.t)y_.•s6me~_':·re$¢~h~~;':ho~e~~~~:thtf 

risk ftbm1 ~irgatrlt iilia:· i'ri.etal COPECg\ve~:- ••. · bases vary froni'.ontt researcher 'to another. 
the chronic NOAELs in units of mg COPEC For example, Sample et al. (1995) assumed 
per kg body wt of the bald eagle per day. A that "smaller animals have higher metabolic 
previous report (Gallegos et al. 1997a) can rates and are usually more resistant to toxic 
be consulted for information on (1) the chemicals because of more rapid rates of 
NOAELs used in this assessment, (2) metabolic elimination and metabolism is 
references from which the NOAELs were proportional to body weight." Conversely, in 
taken or derived, (3) test species on which a study of risk to vertebrates from pesticides, 
they are based, (4) the chemical form on Tiebout and Brugger (1995) predicted that 
which the NOAEL is based, (5) the small-bodied insectivores faced the highest 
toxicological test endpoint in the laboratory risk. 
studies in which the NOAELs \Vere Other possible sources of uncertainty 
determined, and (6) comparison of that are not necessarily exclusive of each 
alternative NOAELs or TRVs which c<:mld other include 
have been used. The NOAELs for the metal 
COPECs are based on avian test spe<·ies. 
Lacking avian-based NOAELs, 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 NOAELs 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 

• extrapolation of acute dose-derived 
NOAELs to chronic responses, 

• lowest observed adverse effect level to 
NOAEL conversions, 

• extrapolation of sensitive-test-species 
data to nonsensitive or "normal" life 
stages, 

• extrapolation of less-than-life-span 

laboratory rats. Examples of the influence • time to achievement of contaminant 
that NOAELs can have on risk estimates, or 

toxicological data to life span, 

steady-state in laboratory tests on which 
model sensitivity, have been previously NOAELs are based, and 
reported (Gallegos et al. 1997a). The 
replacement of rat-based NOAELs with • labontory to field extrapolation 
NOAELs based. on .birds is a to)1tinuous · . ·. .(Calal~~ese and l3~d'Yinl99~)··. 
process ili ibis study, .and this report will be · So~e of the above~ listed factors have 
updated periodically as substantially the poteL tial to increase or decrease (under 
different NOAELs and other information or overe~timate) toxicological values. Also, 
become available. several instances of in'erdependence of UFs 

In human risk assessments, reference th 
exist, therefore, the £ ssumption that ese 

doses (RIDs) are typically adjusted . . fac~o~.J.re. .... inde,P'~Il@tJt j!l., th~ jlJ).PJ~c~Po.g..'. 
{loWeied)_by•a.f_aclo_:.-r. 'O_.f·_·t.·_Oto·a_ c_._c_ ount_._._ .. fo~.~e_"'.•·.·· ... · ·· .... ,.· .......... ,"'·· .. ·. · .. · ..... , .. _, ............. -·1·:-j,· 1 · 1 ........ a· · t ... 

•' . 'a5 .·.· · UFs . wotht::-.· .... :.:Ae y ::- ea ., .·, o 
uncertainty ·afexitapolaiirlg RfUs within and· . overcom:(!rvatis::n (Ca~abrese and Baldwin 
between species. Because of a broader range 1993). For tl.es" ·easons and others 
of uncertainty in ecological . risk, an 
uncertainty factor (UF) of 10 may be 
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.. pre¥iouslyJ'Xplained (Gallegos et al. 1997a), 
UFs w~~ not applied in this study. _· -

2.6.8.2 Rac:1 ionuclides 
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 
previously,.- {Gallego~-'-.-et- al; : 1997.~ and,;,.: 
1997b), ·'die -~ppllcaiioft of. '·vah:ies -_ fof -
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 radlday recommended by 
the International Atomic Energy Agency 
(IAEA 1992). 

2.7 Risk Sources and Hazard Value Types 
The option exists in ECORSK5 to 

generate indices for three "Hazard Value 
Types" and three "Risk Sources" as follows: 

Hazard Value Type 
• 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." 

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

• Mean Partial HQ x Location (Grid Cell) 
x COPEC - A sum of the HQs separated 
by location (grid cell) and COPEC. 

Risk Sources 
• 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 conce-ntrations; and (ii) 
for grid cells where sampled COPEC 
soil concentrations are less than 
background values, then the soil 

. : ·' ·: : ~-. ;~- ;. ..... . 
. ... 

··· .. 

__ background _value is entered for the 
--- . - cal(;lil!ltion <>fH9s. : .... 

• Background Risk - Quantified impact 
associated with "natural" 
(nonradionuclides) and "regional" 
(radionuclides) mean concentrations of 
COPECs. The me~ )1atural or regional 

,J:>l!<:kgrP\#ld _soi},~o.~c~ ntrationjs-'ente~ _ 
iriio tlie ·HQ rdrtlitiia;l0r grid c~ris.~withlii 
a HR for which COfECs 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 Backgro:md 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. 

• 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 .l-km2 HR, or 

· .for~ging'.·l;ll"ea; fq.r;eacnCQP:f:~·at.each;g#d 
tell. The }Ii (or Mean Total HQ) ~urns· the 
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 

_ in~x ~r. cumulative eff~~~s , __ f~o~\~~~-~ip~~: _ 
_.;, 

: :-. 
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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 roosl sites ~annot be considered, 

. __ .__randomness, .. 

• automated placement on "contaminated" 
grid cells (that are within the roosting 
habitat), 

• user-specified locations, or 
independ~nt; · · .· , · ·· · · .•• ' '·.m;; c'orl1bimitlbn 'o(fue-~bove three. 
2.8 Model 

The process by which ECORSK5 
develops the basic building blocks of the 
risk assessment has been previously reported 
(Gallegos et al. 1997a). Some of t.J:Ie features 

· ·· •· otEC()~~~~~~s~~~p:e~b~~?}\\: :_ .• : •:: · 

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, 
ECORSK5, 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. Figu-e 2 
illustrates how the codes that accomJ.lish 
these functions integrate. 

The ECORSK5 code estimates partial 
and total HQs and IDs, respectively, from 
GIS-located contaminants. Potential roosting 
sites are also located by GIS mapping, and it 
is from these focal points that HQs and IDs 
are estimated using the files shown in Figure 
2. These files have been previously defined 
(Gallegos et al. 1997a). 

Code operation follows 
procedure that has been 
previously (Gallegos et 
ECORSK5 has the option 
potential roost sites within 

· habitat o~. the basis of:. · · · . · 

an ordered 
summarized 

al. 1997a). 
of selecting 
the roosting 

The executable versions of the codes are 
MS-DOS PC versions, which are 
transportable to other PCs (for PC users 
without Salfordllnteracter software) by 

. . _ .... appr<;Jpt;iat~ _. Ru~. J?BQS . -~of~~,-:.~~~ ~~- ·. 
···· · ~,· ···provided· ··by .. ~alfgt~.:t.:JQr ... Jhi~:;>Pw:Pose: 
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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 
ECORSK5 that enables the user to select a 
square HR or a rectangular HR with a 
specified width to height (XIY) 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, 
ECORSK5 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 s~tall amounts, 
regardless of source. Fo~l,these reasons, 
testing hypotheses of risk source parameter 
or distribution differences is ,.1ot presented. 

,. This.does:riot di$pelthe·(oilowirtg.-· ... ·.. - .. · ....... · ... . ·:•·: . •' . . .. .. 



·~·. ~ ·. ~ . '· . 

...,, ..... 

·HQPQ»Al' ......,. ____ ""' 
HQPCOJ)AT 

.::.· 
:{~·· 

18 
~ . . . . .. . · .. ';'· .. :,:: · . .:::-: . ~ . ··,~ .. : .... .-: >~ . 

: . . ~ .. 



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

For tl' ose 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 
similar to this one (Clifford et al. 1995). 

3.0Results 
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 

, , .... ·· .•.. ppt~nt~al.rop~tsJtesJqr .scenari.os in~luding.· . 
(1) unsciiled H::R::t2.):· :scaled HR.;·· i1hd: (a)'·>-· .. 
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 

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 

· .. fp;r:~ging~- .·: sc~na.tiQ~ .. : ·Ne~t. Jites .. ~an .. _be 
-considered "risk sillks'' for'. purposes of 
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 ECORSK5. 
The example is for Roost Site Number One 

..-.;ft;Jr··the··s~enario';il(:weigl:ltedJoragjtig::in an· 
· 'tins't~led, or squfu:e;'-HR:···afi.d 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 ofECORSK5 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 137Cs 
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, 
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Table 2. Mean ~azard indi~es (Hl)-for vario~s_comb~ati~ns_of forage ~ei~il;l~J: !1om~ r,~n~e shape, 
and rat1o of aquattc (fish) to terrestnal food m diet. Mean HI ~alu~s are foll~we~ JY the mean 
standard error. All values include bioaccumulation for the soilingestinn paif.way and 
biomagnification for the food consumption pathway. ·. 

*Includes a biomagnification component. , 
**Unsealed- Refers to a home range with equal border dimensions, 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. 
*****Scaled- Refers to rectangular shaped home range (HR) with a width to height ratio of 2.6: 1. . 

·· ' '· ·'·:tun~dj~te<i R,isk'f~uintifi~i:J impact assix:iat.ed~W.i~.SlitrtP~i,ng :Witlli,nJ~A~Yb~~n:ifafies.· :;·::: ,,:'.>> ;:·:·· : ~·{ ···· - · X L'··:: '·.· · 
t Background :Risk'.:!:'QWiritified rl!ik associilied wifu"'iiatlliaf(ni:ll:ttadionudides) and ''regional .. (i'adioiludides) mean : 

concentrations of COPECs exterior to LANL. 

where Aroclor-1254, DDT, and DDE 
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 ills. 

4.0 Discussion 

4.1 Management Use cfRe:.ults 
The spatial represer tation of risk results 

can be used to identify the particular source 
locations of contanrnation, which if 
managed, would most effectively maintain 
the risk to the bald eagk from contamination 

20 

at low 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 St~t ''gy 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 
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foraging _ is __ greater close to roost_ sites_ ___ impact_to Jhe eagle fr.omradionuclides, since 
increased risk in all cases (Table 2). Altering risk indices were so low and we have 
the shape of HRs had no appreciable effect estimated that risk from radionuclides has 
on His. been overestimated in this study by a factor 

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 :aboratory rat or various 
species of mice. The replacement of 
NOAELs that are based on rats with 
NOAELs that are b< :ed on the toxicological 
testing of birds is a cc :1tinual process in this 
study. · 

.. The ten"estrial pathway. included BMF~~ ·· 
for 15 COPECs, and DMFs for all COPECs 
were inherent in the d: ta used for the aquatic 
pathway to the trophic level of fish. The 
addition of BMPs for ~e terrestrial pathway 

·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 adjustinent of TRVs using 
uncertainty factors was not made. This 
decii,ion was based on two factors: ( 1) some 
of the assumptions made could cause an 
:;ve1:~stimate of risk and others could cause 
an u:1derestimate; to use UPs that effectively 
e~inate only those assumptions with the 
pott:atial 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 

- origi,:tati~g from ~iffelt(nt· sources . is ~t 
. enough and/or variabh~ . enough so that 
application of UPs would make the results 
less usable because of large total margins of 
introduced error. 

increased the mean HI by 76%, but the 5.0 Conclusions 

relative risk in~e~. (HI) prior to f~ctoring ~ , .. _:-.,:.:_,.The· . integ~t~pn,._ .. :(:>( -the::; :cll$0n:t. 
BMFs w~s .. soJqW:.thaf, Qie ris~. cpn~lusion ., · ... · •· ':FofrrRAN.coniput~r·c<Jdt'ECORSIG:•With 
remained the same. The use of BMPs in the GIS and a contaminant database was 
studies on other species (Gallegos et al. successfully demonstrated for estimating 
1997 a and 1997b) have had more impact on risk to the bald eagle from contaminants. 
the risk conclusion than was the case for the Considering soil ingestion and food 
bald eagle. consumption contaminant pathways that 

Many of the uncertainties associated included a biomagnification component, 
with this type of assessment have been estimated risk to the bald eagle was well 
discussed in previous documents (Gallegos below levels of concern. The assumptions in 
et al. 1997a) and previous sections of this Table 3 were made in calculating risk from 
document. Concerning the potential for 
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Conservative Realistic Nonconservative 
(overestimate risk) (underestimate risk) 

all COPECs assumed to have same FIMAD' Jatabase is current and risk not estimated for contaminants 
biological effect accurate for which TRVs not available 
radioactive decay of radionuclides not TRVs&PAELs for metals based environmental restoration (clean-
calculated on avian test species and are up) not factored 

chronic 
antagonism (ameliorism) not assessed quotient method not probabilistic 
FIMAD database is current and mean natural background COPEC FIMAD database is current and 
accurate values, not UTLs, used for accurate 

in organics 
average, not maximum, COPEC synergism not assessed 
soil concentrations used 

TRVs (SALs) forradionuclides based uncertainty factor not applied to 
on humans, which are between 185 across-animal-class NOAELs 
and 3650 times more protective of 
animals than IAEA standard for 
protection of animals 
contamination level measured at 
sampling points assumed for 100 by 
100ft 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 unsealed, square home range. The distributions are for (A) 

•. •·.·.· . · .. ~ ... unw.~igt!t~s!f.o~aging with.a 90% aquatic diet, (B) ~~ighted,foragi~gwith a 90°(oaquatic diet, (C) 
.... ·., ~riw~rsht~afo_r~ging_with _a 7$%.aci~atic diet;·(blw~ighted foraQing;V/ithac'75o/o aquatK:·d.et.·cf:) 

·· unwershted fora'9ins with a s6o;o a9uafic diet, Wl wieshted forasin~fwitha'so% aguatic'dlet. 
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 3.21 E-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 2.83E-03 4.31E-03 4.19E-03 8.42E-03 8.08E-03 
7 166 155 3.23E-03 3.31 E-03 e.osE-o3 6.25E-03 1.33E-02 1.37E-02 
8 263 214 2.76E-03 2.67E-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 1.51 E-02 
11 205 172 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 1.31 E-02 1.91 E-02 
13 250 223 2.96E-03 2.99E-03 4.54E-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 8.41 E-03 7.83E-03 
18 142 147 3.07E-03 2.90E-03 5.92E-03 5.44E-03 1.31 E-02 1.19E-02 
19 198 235 3.01 E-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 8.43E-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 1.25E-02 1.25E-02 
27 175 207 3.11 E-03 4.27E-03 5.94E-03 9.04E-03 1.31 E-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 2.81E-03 4.30E-03 4.13E-03 8.41 E-03 7.92E-03 
30 127 185 2.88E-03 3.77E-03 5.79E-03 8.02E-03 1.29E-02 1.70E-02 
31 254 205 2.65E-03 2.65E-03 4.08E-03 4.11 E-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 2.71 E-03 2.58E-03 3.89E-03 3.51 E-03 7.30E-03 6.23E-03 
34 218 221 3.57E~03 4.07E~Q3. ~~~~~~g~:. 7.75E-03. _ 1.37E~02 1.73E-02 
35 269. 

.. · 243'' .. 2;70E~03 · 2.56E-03. 3'ASE~o3 ': ·7:29E;.03 . . 6o'1{)E-03 
36 209 171 3.70E-03 4.30E-03 6.46E-03 8.13E-03 1.38E-02 1.81 E-02 
37 170 168 3.23E-03 3.66E-03 6.05E-03 7.21 E-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 8.71 E-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 1.31 E-02 
41 155 137 3.22E-03 2.91E-03 6.04E-03 5.17E-03 1.33E-02 1.11 E-02 
42 ' :~.~i·~:~ '2': ' -~~~ 2.78E-03 3.91E-03 5.73E-03. 8.48E-03 1.27E-02 . 1.75E-02 , . ~-.. ·. ":'. ~· ~· 

43 · 3.29E..:os ':3;-62E--03<. · 6:0~E.,os:' K99E"()8 .• .-;:.1.34E~na:-: . 1<5se~o2 . ·.:·.~ .. :· ...... 
44 ··w·6·· ... ·. ·· 2o4 3.14E~da··· · 4.~9E::o3- 5.97E-03 s~.03·e:o:(····"-'l.32E~o2: ·'t.99E-02 
45 213 209 3.61 E-03 4.38E-03 6.37E-03 8.54E-03 1.37E-02 1;92E-02 
46 175 167 3.30E-03 3.70E-03 6.10E-03 7.22E-03 1.34E-02 1.60E-02 
47 213 208 3.62E-03 4.41 E-03 6.38E-03 8.60E-03 1.37E-02 1.93E-02 
48 232 220 3.64E-03 3.82E~o3 6.35E-03 6.88E-03 1.36E-02 1.51 E-02 
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Table A~1 •• (Coni;) 
Roosting 
Site No. 

49 
50 
51 
52 

. - 53-
54 .... 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 

. 92., 

93 
94 
95 
96 
97 
98 
99 · · ·-·'roo: 

Column Row 

139 144 
175 175 
213 234 
232 218 

. :281- - _, 226 
.. -232~·:_: . -219 . 

156 164 
240 198 
246 249 
158 138 
210 189 
209 199 
211 182 
161 184 
131 181 
232 266 
199 248 
195 221 
282 224 
126 186 
151 146 
227 198 
184 164 
191 186 
169 209 
257 239 
131 190 
177 221 
209 221 
206 168 
251 271 
218 245 
188 180 
243 209 
227 196 
134 191 
254 266 
217 212 
185 199 
217 239 
242 253 
235 216 

_208 193 
·210 226 . 
210 209 
240 190 
143 178 
223 176 
230 264 
197 206 
145 129 

_.,,, taf.,:_ _,- H~3· 
. . • ~. .. :--... .:.·-. :t. ·- - ... 

,.·'··· .,. __ .. •'. 

: ··'>.: ·: .. · .. ·. 

A B c D E F 

3.05E-03 2.80E-03 5.91 E-03 5.20E-03 1.31 E-02 1.13E-02 
3.28E-03 3.91 E-03 6.08E-03 7.82E-03 1.33E-02 1.74E-02 
3.32E-03 3.71E-03 6.12E-03 7.21E-03 1.34E-02 1.61E-02 
3.65E-03 3.85E-03 6.36E-03 6.94E-03 1.36E-02 1.52E-02 

•--~:~;t::_-~- ·· -~~-~~~:g;-:;-•----~-:~~-~-~~~-~ --~:~I~;g~:·f __ .,,.::~-~~~~:~~-~-· l~~-~:g~-
3.15E-03 3.51 E-03 5.98E-03 6_-93E-03 . 1.32E-02 1.53E-02 
3.43E-03 3.47E-03 5.96E-03 6.08E-03 1.27E-02 1.31 E-02 
3.03E-03 2.82E-03 5.12E-03 4.53E-03 1.08E-02 9.30E-03 
3.23E-03 2.95E-03 6.05E-03 5.25E-03 1.33E-02 1.13E-02 
3.70E-03 4.77E-03 6.45E-03 9.46E-03 1.38E-02 2.14E-02 
3.63E-03 4.62E-03 6.39E-03 9.15E-03 1.37E-02 2.06E-02 
3.74E-03 4.65E-03 6.49E-03 9.06E-03 1.39E-02 2.04E-02 
3.12E-03 4.1 OE-03 5.96E-03 8.54E-03 1.32E-02 1.86E-02 
2.92E-03 3.77E-03 5.81 E-03 7.96E-03 1.29E-02 1.70E-02 
3.27E-03 2.92E-03 6.22E-03 5.24E-03 1.38E-02 1.15E-02 
2.95E-03 3.39E-03 5.83E-03 7 .04E-03 1.29E-02 1.57E-02 
3.16E-03 3.98E-03 5.99E-03 8.22E-03 1.32E-02 1.84E-02 
2.43E-03 2.21E-03 3.62E-03 2.96E-03 7.02E-03 5.14E-03 
2.87E-03 3. 77E-03 5.78E-03 8.02E-03 1.28E-02 1.70E-02 
3.18E-03 3.05E-03 6.00E-03 5.63E-03 1.32E-02 1.23E-02 
3.69E-03 4.12E-03 6.44E-03 7.66E-03 1.38E-02 1.70E-02 
3.36E-03 3.68E-03 6.15E-03 7.04E-03 1.34E-02 1.56E-02 
3.40E-03 4.32E-03 6.19E-03 8.74E-03 1.35E-02 1.96E-02 
3.01 E-03 4.23E-03 5.87E-03 9.05E-03 1.30E-02 1.96E-02 
2.83E-03 2.75E-03 4.26E-03 4.03E-03 8.37E-03 7.71 E-03 
2.89E-03 3.98E-03 5.79E-03 8.51 E-03 1.29E-02 1.79E-02 
3.00E-03 4.08E-03 5.86E-03 8.71 E-03 1.30E-02 1.90E-02 
3.44E-03 4.10E-03 6.22E-03 8.07E-03 1.35E-02 1.81E-02 
3.67E-03 4.20E-03 6.43E-03 7 .92E-03 1.38E-02 1.76E-02 
2.51 E-03 2.18E-03 4.29E-03 3.33E-03 9.20E-03 6.60E-03 
3.32E-03 3.50E-03 6.12E-03 6.63E-03 1.34E-02 1.47E-02 
3.40E-03 4.19E-03 6.19E-03 8.36E-03 1.35E-02 1.87E-02 
3.51 E-03 3.57E-03 5.87E-03 6.06E-03 1.23E-02 1.29E-02 
3.68E-03 4.1 OE-03 6.43E-03 7 .63E-03 1.38E-02 1.69E-02 
2.90E-03 4.06E-03 5.79E-03 8.71 E-03 1.29E-02 1.83E-02 
2.61 E-03 2.33E-03 4.25E-03 3.45E-03 8.87E-03 6.66E-03 
3.64E-03 4.29E-03 6.40E-03 8.22E-03 1.37E-02 1.84E-02 
3.23E-03 4.26E-03 6.04E-03 8.84E-03 1.33E-02 1.97E-02 
3.35E-03 3.61E-03 6.14E-03 6.88E-03 1.34E-02 1.53E-02 
3.20E-03 2.93E-03 5.61 E-03 4.86E-03 1.21 E-02 1.02E-02 
3.70E-03 3.85E-03 6.40E-03 6.85E-03 1.37E-02 1.49E-02 
3 65Ec03 4 72E-03 6 40E-03 9.42E-03 _ .,1 ,38(::~02 2.12E-02 
s:4sE~03 . · i 11E-03 ·' 6:2~E~o:f: tt06E'-03 '> t:35E:'.02 ~::etE-02-
3.56E-03 4.37E-03 6.32E-03 8.61E-03 1.37E-02 . 1.93E-02 
3.39E-03 3.40E-03 5.92E-03 5.97E-03 1.27E-02 1.29E-02 
3.00E-03 3.89E-03 5.87E-03 8.16E-03 1.30E-02 1.76E-02 
3.62E-03 3.96E-03 6.38E-03 7 .36E-03 1.37E-02 1.63E-02 
3.27E-03 2.99E-03 6.16E-03 5.39E-03 1.36E-02 1.18E-02 
3.31 E-03 4.26E-03 6.11 E-03 8.72E-03 1.34E-02 1.96E-02 
3.15E-03 2.64E-03 5.97E-03 4.55E-03 1.32E-02 9.66E-03 

·:.~.~2?I;;~qa __ ·_: ·A.12E~os:;. E).®E~oa:•-· .. :~~-~~~tR.~.-:. .. ::£L3~E-:~~:-y ~:·~-~:ase~o2' -
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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 t).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 
roostina site No. 1. 

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

139 184 1.27E-Q4 220 207 
135 228 1.48E-Q4 220 207 
136 228 2:o8E-o4 220 207 
207 188 1.06E-Q3 220 207 
207 189 3.47E-o4 220 207 
207 187 3.33E-Q4 220 207 
208 J.88 1.98E-Q4. 1 .2.20. 207 
209 . 188'. 2;51E-o4 

--; 1 
_,,._ .· .. ' '220 207. 

205 188 3.30E-Q4 220 207 
208 189 3.31E-Q4 220 207 
205 189 2.69E-Q4 220 207 
210 188 2.59E-Q4 1 220 207 
210 187 3.65E-Q4 1 220 207 
206 189 3.34E-Q4 220 207 
204 186 1.50E-Q3 220 207 

· .. -:·. ·._ :-.-- ~- ...• 206 186 ·· 3;56E-Q4 · .. 1_:··::: .. 22.Q-: --,:-: 
·~7:·\ .-._ -.. ······:-. -~ ;. 

1>:-:; :•::· 
·207' .. •; .I.,;_:..-~ ..... - · .. 

.. ··: 186 ..... _ · 3:ll4e-o4 •· ·· ,,.> .. , .:;.;: .. · ··220c··: .2.07 ~--

208 186 3.41E-Q4 220 207 
209 186 3.87E-Q4 220 207 
210 186 3.59E-Q4 220 207 
205 187 3.31E-Q4 220 207 
208 187 3.31E-Q4 220 207 
145 190 7.35E-Q5 220 207 
209 187 3.34E-o4 220 207 
209 189 3.84E-Q4 220 207 
143 190 7.01E-Q5 220 207 
144 190 1.20E-Q4 220 207 
146 190 7.18E-Q5 220 207 
143 191 7.79E-Q5 220 207 
146 191 7.31E-Q5 220 207 
165 198 4.42E-Q4 220 207 
139 183 8.37E-Q5 220 207 
204 188 7.71E-Q5 220 207 
206 188 7.47E-Q5 220 207 
204 189 4.32E-Q4 220 207 
210 189 1.58E-Q4 220 207 
136 224 1.20E-Q4 220 207 
136 223 1.05E-Q4 220 207 
128 219 6.73E-Q5 220 207 
134 224 2.82E-o5 220 207 
144 183 2.60E-Q4 220 207 
141 186 4.95E-Q5 1 2?0 207 
140 184 4.80E-Q5 1 220 207 
146 184 1.06E-Q4 220 207 
149 185 6.33E-o5 220 207 
147 186 5.93E-Q5 220 207 
139 188 5.57E-Q5 220 207 
146 192 5.92E-Q5 220 207 
144 182 5.28E-Q5 220 207 
144 184 5.02E-Q5 1 220 207 

_ .. :. '··-::- ··. ' ... 34 : ~': .- ... ·.. . 
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Table A-2. (Cont.) 
Source 
Column 

145 
146 
150 
141 
143 
149 
151 
141 
143 
147 
141 
143 
150 
139 
140 
143 
144 
145 
151 
142 
143 
144 
145 

-146 ; .. --: .·. -~ -.. 

.-14*,'-· 
141 
143 
145 
148 
144 
141 
148 
205 
206 
144 
204 
206 
142 
144 
144 
145 
138 
138 
161 
32 
143 
203 
125 
161 
162 
162 
163 
161 
162 

Location 
Row 
184 
180 
180 
181 
181 
181 
181 
182 
182 
182 
184 
184 
184 
185 
185 

. -_-185 .•.. 

185 
185 
185 
186 
186 
186 
186 
.1B6 

.:,•1;~ 
188 
188 
188 
188 
189 
190 
190 
190 
190 
191 
191 
191 
192 
192 
194 
196 
185 
186 
199 
370 
183 
184 
228 
198 
198 
199 
199 
200 
200 

HQ 
7.11E-o5 
9.25E-Q5 
6.93E-Q5 
7.32E-o5 
5.49E-Q5 
5.39E-Q5 
5.53E-o5 
6.26E-Q5 
4.97E-Q5 
5.80E-o5 
5.28E-Q5 
5.34E-Q5 
7.28E-Q5 
4.93E-Q5 
4.93E-Q5 . 
5;(l7i:-os 
5.31E.:05 
8.36E-Q5 
7.21E-Q5 
5.02E-Q5 
5.20E-Q5 
5.07E-Q5 
7.26E-Q5 
6.33E-o5 

./.--_:··:_9~~-e;;Ps ::·~:-· · · ... 
5.05E-o5 
5.10E-Q5 
5.25E-o5 
5.49E-Q5 
4.98E-Q5 
4.98E-Q5 
6.55E-o5 
1.22E-Q4 
1.53E-Q4 
5.28E-o5 
1.26E-Q4 
3.45E-Q4 
1.15E-Q4 
5.26E-Q5 
6.10E-o5 
7.07E-Q5 
3.83E-Q5 
3.94E-Q5 
9.49E-Q5 
O.OOE+01 
2.11E-Q5 
2.76E-Q4 
5.94E-Q5 
9.92E-Q5 
6.95E-o5 
7.21E-Q5 
1.28E-Q4 
1.34E-Q4 
8.75E-Q5 
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Roost No. 

1 
1 

1 

1 

1 

1 

1 

1 
1 
1 

1 
1 
1 
1 
1 

Roosting 
Column 

220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 

•'220· 

220 
220 
220 
220 
220 
220 
220 
220. 
220: ;,.;· .. 220' . 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 

Location 
Row 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 

·_ .. _ -. 20T 
. 207 

207 
207 
207 
207 
207 
207 

.. ' ,2_07 
. 207···· 

-· ~·2o1· 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 



Table A-2. (Cont.) 
Source 
Column 

163 
162 
31 
208 
209 
135 
124 
125 
126 
127 
128 
126 
127 
128 
129 
130 
127 
128 
130 
131 
128 
129 
131 
132 
129 
130 
131 
132 
133 
134 

·-•'··' .:..:. ,.,.,····: .. ,,,.y ... 131 . 
'·-~~!:;:<. ''';·;.,:<. 

135 
132 
133 
134 
135 
136 
134 
135 
136 
137 
138 
136 
137 
138 
139 
137 
138 
139 
140 
138 
139 

Location 
Row 
200 
201 
369 
190 
191 
224 
104 
104 
104 
104 
104 
105 
105 
105 
105 
105 
106 
106 
106 
106 
107 
107, 
107,' 
107 
108 
108 
108 
108 
108 
108 
1.09 

. . :· . .10$1 
1'09 
109 
110 
110 
110 
110 
110 
111 
111 
111 
111 
111 
112 
112 
112 
112 
113 
113 
113 
113 
114 
114 

HQ 
8.30E-Q5 
1.20E-Q4 
O.OOE+01 
4.75E-Q5 
5.56E-Q5 
2.44E-Q8 
8.65E-Q7 
8.74E-Q7 
8.83E-Q7 
8.92E-Q7 
9.01E-Q7 
8.93E-Q7 
9.02E-Q7 
9.11 E-Q7 
9.21E-Q7 
9.30E-Q7 
9.12E-Q7 
9.22E-Q7 
9.41E-Q7 
9.50E-Q7 
9.32E-Q7 
9.4?E-Q7. 

.. · 9;61E:,07 
9.71E.:07 
9.53E-Q7 
9.62E-Q7 
9.72E-Q7 
9.82E-Q7 
9.92E-Q7 
1.00E-Q6 
9,!33E-Q7 
'9;93~"()7 · .. 
1.01E-Q6 
1.02E-Q6 
1.00E-Q6 
1.02E-Q6 
1.03E-Q6 
1.04E-o6 
1.05E-Q6 
1.04E-Q6 
1.05E-Q6 
1.06E-Q6 
1.07E-Q6 
1.08E-Q6 
1.07E-Q6 
1.08E-Q6 
1.09E-o6 
1.10E-o6 
1.09E-Q6 
1.10E-Q6 
1.12E-Q6 
1.13E-Q6 
1.12E-Q6 
1.13E-Q6 
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Roost No. 

1 

.'<1-" 
1 
1 

... , ... 

Roosting 
Column 

220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
.22Q· 

22o 
220 
220 
220 
220 
220 

1 220 

<~ <·:· .•. .. ·._-:S:f,:':Y:::i~:L ... 

1 

1 

1 

220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 

Location 
Row 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 

. 207, 
2.oi· 
207 
207 
207 
207 
207 
207 
207 

···· , .:.';:'2.o7i:~·· 
.. ,. ·· .-· .. :2o1· 

207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 



Table A-2. (Cont.) 
Source 
Column 

140 
141 
139 
140 
141 
140 
141 
140 
141 
142 
140 
141 
142 
140 
141 
142 
140 
141 
142 
143 
141 
143 
141 
143 
144 
141 
142 
144 
145 
142: ' 
145 
146 
147 
142 
143 
144 
147 

. :::-: ,.,_ "-148- .,..····. · .. 
·1.49!" .:. :.!·'-: .. • ... ~-..· .. .-. 

150 
151 
_152 
153 
154 
155 
156 
157 
144 
145 
146 
157 
158 
159 
160 

Location 
Row 
114 
114 
115 
115 
115 
116 
116 
117 
117 
117 
118 
118 
118 
119 
119 
119 
120 
120 
120 
120 
121 
121 
122 
122 
122 
123 
123 
123 

. \123 . 

. 124 
124 
124 
124 
125 
125 
125 
125 

··r25· 

1'25 
125 
125 
125 
125 
125 
125 
125 
125 
126 
126 
126 
126 
126 
126 
126 

HQ 
1.14E-o6 
1.15E-o6 
1.14E-Q6 
1.15E-o6 
1.17E-Q6 
1.17E-Q6 
1.18E-Q6 
1.1SE-o6 
1.19E-Q6 
1.20E-o6 
1.19E-o6 
1.21E-o6 
1.22E-o6 
1.21E-Q6 
1.22E-o6 
1.23E-Q6 
1.22E-Q6 
1.23E-Q6 
1.25E-o6 
1.26E-Q6 
1.25E-Q6 
1.27E-Q6 
1.26E-Q6 
1.29E-Q6 
1.30E-Q6 
1.28E-o6 
1.29E-Q6 
1.32E-o6 
.1.33E:,06 
1.3oE..:()6 
1.34E-o6 
1.36E-o6 
1.37E-o6 
1.32E-o6 
1.33E-Q6 
1.35E-o6 
1.39E-o6 
1 .2loe.;oe :- · 

;; ' ~ 1:4~E~6 :-
1.43E-Q6 
1.44E-o6 
1.46E-o6 
1.47E-Q6 
1.49E-o6 
1.50E-o6 
1.52E-o6 
1.53E-Q6 
1.36E-o6 
1.38E-o6 
1.39E-Q6 
1.55E-o6 
1.56E-Q6 
1.58E-o6 
1.59E-Q6 

37 

··:··. 

Roost No. 

1 
1 

1 

1 

1 

1 

1 

1 

1 

1 
1 
1 

. >'t-. ·· .. 
1" · .. · 

1 
1 
1 

1 
. ·,_ . ::r::·:'-

1 
1 
1 

1 

1 

1 
1 
1 
1 
1 
1 
1 

Roosting 
Column 

220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 

.. .-22<}. ·.• 
· 22o 

220 
220 
220 
220 
220 
220 
220 

,. i ~ ;_ .:.: . 22tt' . 
.. ,. .. . 220' .. 

220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 

Location 
Row 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 

. 201 
; ... ··: .... ~ "> 207~-

207 
207 
207 
207 
207 
207 
207 

. 2(17·. 
· .. ·· :2.o7 

207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 



-:;:. ~ 
··'· 

;·.- ~ . .... - =-~~- ·-~ -.. ·~--:~~ :·· :· .. .;.. 

. :.•--..: .. ~--. :.·-.. '.-,>· . .... __ :_. .. .• 
-~· 

Table A-2. (Cont.) 
Source Location Roosting Location 
Column Row HQ Roost No. Column Row 

161 126 1.61E-Q6 1 220 207 
146 127 1.41E-Q6 220 207 
147 127 1.42E-Q6 220 207 
148 127 1.43E-Q6 220 207 
153 127 1.51E-Q6 220 207 
154 127 1.52E-o6 1 220 207 
155 127 1.54E-Q6 1 220 207 
156 127 1.55E-Q6 1 220 207 
157 127 1.57E-Q6 1 220 207 
158 127 1.58E-Q6 220 207 
161 127 1.63E-Q6 220 207 
162 127 1.64E-Q6 220 207 
148 128 1.45E-o6 220 207 
149 128 1.47E-Q6 220 207 
150 128 1.48E-o6 220 207 
151 128 1.50E-Q6 220 207 
152 128 1.51E-Q6 220 207 
153 128 1.53E-Q6 220 207 
158 128 1.60E-Q6 1 220 207 
159 128 1.62E-Q6 1 220 207 
160 128 1.63E-Q6 220 207 
161 128 1.65E-Q6 220 207 
162 128 1.66E-Q6 220 207 
163 128 1.68E-Q6 220 207 
164 128 1.69E-Q6 220 207 
161 129 1.67E-Q6 220 207 
162 129 1.68E-Q6 220 207 
163 129 1.70E-Q6 220 207 
164 129 1.71 E-Q6 220 207 
165 129 1.73E-Q6 220 207 
163 130 1.72E-Q6 220 207 
164 130 1.73E-Q6 220 207 
165 130 1.75E-Q6 220 207 
166 130 1.76E-Q6 220 207 
1~ .. .. ~,31··. ,. ,U5E:-06. '1 .·) .. "· 

; .... 220. 207 .. 
''f -.·.·-. 

165 
.. 

131 U7E-Q6 ····.- .··~ ··, 220 · .. _·.' 207. 
166 131 1.79E-Q6 1 220 207 
167 131 1.80E-Q6 220 207 
165 132 1.79E-Q6 220 207 
166 132 1.81E-Q6 220 207 
167 132 1.82E-Q6 220 207 
166 133 1.83E-Q6 220 207 
167 133 1.85E-Q6 220 207 

-·-- .... ... 
.168 . :·.:"':: ·: 1'33 1.86e-oe· · .. 1 ·,:: .220·: ; :' .• . ?Q7 .. ~-·;.~. 

:•:;·" .... . i.- ·.-. :~·-· :: a2o:: :··· 
. .. 

:·.:..·:.-:--_ 1tl7' '· .. '134 .·.;,.·_·._..: - .. '1 :87E-Q6 .:· 1 -·· .. '~-. /·-207 
168 134 1.89E-Q6 1 220 207 
167 135 1.89E-Q6 1 220 207 
168 135 1.91E-Q6 1 220 207 
169 135 1.93E-Q6 220 207 
168 136 1.93E-Q6 220 207 
169 136 1.95E-Q6 220 207 
168 137 1.96E-Q6 1 220 207 
169 137 1.98E-Q6 1 220 207 
170 137 1.99E-Q6 220 207 
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-: .... ·' : __ ,,_;_ 

Table A-2. (Cont.) 
Source Locat\lon Roosting Location 
Column Row HQ Roost No. Column Row 

168 138 1.98E-Q6 220 207 
-··- . ~-. ····_·169 '[·_.·. ., . d138 2;01)~~--- ·.· > ·1';:"· .. •. 2~-- :?07 : .. . . ~-·::: .. 

' .... r7o-' .. --:too : 
· 2:02E-o6 · 1 '220 .2.01 "•·'-'-:r .. , .· . .:·. 

169 139 2.03E-o6 220 207 
170 139 2.04E-o6 220 207 
169 140 2.05E-Q6 1 220 207 
170 140 2.07E-o6 220 207 
171 140 2.09E-Q6 220 207 
170 141 2.09E-o6 220 207 
171 141 2.11E-Q6 220 207 
170 142 2.12E-Q6 220 207 
171 142 2.14E-Q6 220 207 
170 143 2.15E-o6 220 207 
171 143 2.17E-o6 220 207 
172 143 2.19E-o6 220 207 
170 144 2.17E-Q6 220 207 
172 144 2.21E-o6 220 207 
170 145 2.20E-o6 1 220 207 
171 145 -2.22E-Q6 220 207 
172 145 2.24E-o6 220 207 
173 145 2.26E-Q6 220 207 
171 146 2.25E-Q6 1 220 207 
173 146 2.29E-o6 1 220 207 
171 147 2.27E-o6 220 207 
172 147 2.29E-Q6 220 207 
173 147 2.32E-o6 220 207 
174 147 2.34E-o6 1 220 207 
172 148 2.32E-Q6 220 207 
173 148 2.34E-o6 220 207 
174 148 2.37E-o6 220 207 
173 149 2.37E-o6 1 220 207 
174 149 2.39E-Q6 220 207 
175 149 2.42E-Q6 220 207 
173 150 2.40E-o6 1 220 207 
174 150 2.42E-o6 220 207 
175 150 2.45E-o6 220 207 
174 151 2.45E-o6 220 207 
175 151 2.48E-o6 220 207 
176 151 2.50E-o6 220 207 
175 152 2.51E-o6 220 207 
176 . 152 2.53~..06. .. 1 . .. 220 207 
175_ .. · 

.. '153·. ·.2;53E4>6 : .. --~-- ~-- '1 . ·_,,;_. 220'• · __ 207 -··, 

176 153 2.56E-Q6 220 207 
177 153 2.58E-Q6 220 207 
176 154 2.59E-Q6 220 207 
1n 154 2.61E-o6 220 207 
178 154 2.64E-o6 220 207 
176 155 2.62E-Q6 220 207 
1n 155 2.65E-Q6 1 220 207 

. . -.: :: ~ ~- :: ·.· .. .178. . :;'~: 155 .. 2.67E-o6· ,. ·-· ·t •.... _.'.·· 

,,.:<::·2:/:·--~~-L --• .. 
?.,07_,. 

-···--:.:.:··; . _., ... 
'Jti/ ::_i:;.:-~---. .. '-:---·156. ;'~:..:.":. -· .. -- ~;~ ., ·. 2:68E'-66 ~:· ... ' .. . ·r /Jot 
178 156 2.70E-o6 1 220 207 
179 156 2.73E-o6 1 220 207 
1n 157 2.71E-Q6 1 220 207 

39 



Table A-2. (Cont.) 
·SQurce Location 

·· Roo.sfNo. _ 
Roosting Location 

Colum~ .. : _ ,Rqw · . ttO- . . Coluimi _; . _· ._ ··_-Row 
178 157 2.74E-06 1 220 207 
179 157 2.76E-Q6 220 207 
180 157 2.79E-Q6 220 207 
178 158 2.ne-o6 220 207 
179 158 2.79E-Q6 1 220 207 
180 158 2.82E-Q6 220 207 
181 158 2.85E-Q6 1 220 207 

.. .. ~· .. ... 182 ·158 .. 2;S8E-Q6 . : .... _ ·t ..... ' 220 . ;?,07-,. ... ... :·.·. . .~--~~. 

, . - 2:96E...oo :• --~220: .• 1sa1 '• ,!.,.·• -- 158 ... ,_ ·:·· .1 _2.07 
184 158 2.93E-o6 1 220 207 
185 158 2.96E-Q6 220 207 
186 158 2.98E-Q6 220 207 
187 158 3.01E-06 1 220 207 
179 159 2.83E-Q6 1 220 207 
180 159 2.86E-Q6 220 207 
181 159 2.88E-Q6 1 220 207 
182 159 2.91E-Q6 1 220 207 
183 159 2.94E-Q6 220 207 
184 159 2.97E-Q6 1 220 207 
185 159 2.99E-Q6 220 207 
186 159 3.02E-Q6 220 207 
187 159 3.05E-Q6 1 220 207 
188 159 3.07E-Q6 1 220 207 
189 159 3.10E-06 1 220 207 
190 159 3.12E-Q6 220 207 
191 159 3.15E-Q6 220 207 
192 159 3.17E-Q6 220 207 
186 160 3.06E-Q6 1 220 207 
187 160 3.08E-Q6 1 220 207 
188 160 3.11E-Q6 1 220 207 
189 160 3.14E-Q6 220 207 
190 160 3.16E-Q6 1 220 207 
191 160 3.19E-Q6 1 220 207 
192 160 3.21E-Q6 220 207 
193 160 3.24E-06 220 207 
194 160 3.26E-Q6 220 207 
191 161 3.23E-Q6 220 207 
192 161 3.26E-Q6 220 207 
193 161 3.28E-Q6 220 207 
194 161 3.31E-Q6 220 207 
195 161 3.33E-Q6 220 207 
196 161 3.36E-Q6 220 207 
197 161 3.38E-Q6 220 207 
198 161 3.40E-Q6 220 207 
199 161 3.42E-Q6 220 207 
195 162 3.38E-Q6 220 207 
196. 162 3.40E-Q6. 220 207 
'i-97 . . 162. . a;43E-o6 ;1 .:_-?20'• .. . ·. 207 . -·~ . ·'·· 
198 162 3.45E-os 1 22o . 207 
199 162 3.47E-06 220 207 
200 162 3.49E-Q6 220 207 
201 162 3.52E-Q6 1 220 207 
202 162 3.54E-Q6 1 220 207 
203 162 3.56E-Q6 220 207 

·-·- .. . . _._ }". •. :.~ t·. :~: ... . ~-- ., ,. -~ .. .-:; .. :··· 
..:·: 

.. :; .. - •.•! -~- --·· .. .... - ·':'·· .. ·.:. ·:··: ··.-
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Table A-2. (Cont.) 
Source 
Column 

200 
201 
202 
203 
204 
205_' 
206 
204 
205 
206 
207 
208 
209 

Location 
Row 
163 
163 
163 
163 
163 
-1~· 

163 
164 
164 
164 
164 
164 
164 

• -· .. .. -~07 _ .-.,-, _ ._ ·· ··;· ._, .. H35. 

~~> '· ''':<-'• . :. t~ 
209 165 
210 
211 
212 
213 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
213 
214 
215 
216 
217 
218 
220 
221 
222 
223 
224 
225 
218 
219 
220 
221 
222 
223 
225 
226 
227 
228 
223 . . . 

165 
165 
165 
165 
166 
166 
166 
166 
166 
166 
166 
166 
166 
166 
166 
167 
167 
167 
167 
167 
167 
167 
167 
167 
167 
167 
167 
168 
168 
168 
168 
168 
168 
168 
168 
168 
168. 

. ·'169, •.. 

... , ...... 

HQ 
3.54E-Q6 
3.56E-Q6 
3.59E-Q6 
3.61E-Q6 
3.63E-:-06. 
s;64i:-oe 
a.66E-o6 
3.68E-Q6 
3.70E-Q6 
3.72E-Q6 
3.73E-Q6 
3.75E-Q6 
3.76E-Q6 
3 .. ?9E-Q6. _ 

- a:soE.-06<-
3.82E-oe 
3.83E-Q6 
3.85E-Q6 
3.86E-Q6 
3.87E-Q6 
3.89E-Q6 
3.90E-Q6 
3.92E-Q6 
3.93E-Q6 
3.94E-Q6 
3.94E-Q6 
3.95E-Q6 
3.96E-Q6 
3.96E-Q6 
3.96E-o6 
3.96E-Q6 
3.99E-Q6 
4.00E-Q6 
4.00E-Q6 
4.01E-o6 
4.02E-Q6 
4.02E-o6 
4.02E-Q6 
4.02E-Q6 
4.02E-Q6 
4.02E-Q6 
4.01E-Q6 
4.00E-Q6 
4.08E-Q6 
4.08E-Q6 
4.08E-Q6 
4.08E-Q6 
4.08E-Q6 
4.08E-o6 
4.07E-o6 
4.06E-Q6 
4.05E-Q6 
4.0~E-o6 _ 
4.1:.,:e;,oe 
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Roost No. 

1 
. -·'· _/·-··· <·1 

1 
1 
1 

·- . 

. \..' _... ·1 ..... _., 

' ... ·, 

'1 

1 

1 

1 

1 
1 
1 
1 

1 

1 

1 

1 
1 
1 
1 

1 

1 
1 
1 

1 
1 
1 

1 
1 
1 

Roosting 
Column 

220 
220 
220 
220 
220 
~20-.. 
22() ·: 

220 
220 
220 
220 
220 
220 

· .. ·. 

220. ' .. 

j;,;;<·i~; .... 

220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 

·'"·. --2.20_-·.:· .. ::-_•· 
· .... ·\ .. 

Location 
Row 
207 
207 
207 
207 
207 

·. ·.-·. ·. 207 
. 207 

207 
207 
207 
207 
207 
207 
207 _,_. 

---~cT··--
. .. 207 

207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 

. 207 . 



Table A-2. (Cont.) 
Source 
Column 

224 
225 
226 
227 
228 
229 
227 
228 
229 
230 
228 

'.229 •... ' ... 

230 
229 
230 
231 
230 
231 
232 

.. ~3~ .· .•..•. 
232· ·0 

231'' 
232 
233 
232 
233 
234 
233 
234 
235 
236 
237 
238 
239 
240 
234 
235 
236 
237 
238 
239 
240 
241 
242 
235 
236 
240 
241 
242 
243 
242 
243 
244 
245 

Location 
Row 
169 
169 
169 
169 
169 
169 
170 
170 
170 
170 
171 

. ;171,' 
171 
172 
172 
172 
173 
173 
173 
1_74 

'• ·~:!:4 ,. 
175 
175 
175 
176 
176 
176 
1n 
1n 
1n 
1n 
1n 
1n 
1n 
1n 
178 
178 
178 
178 
178 
178 
178 
178 
178 
179 
179 
179 
179 
179 
179 
180 
180 
180 
180 

. . . . ·~ ; .. 

HQ 
4.13E-Q6 
4.13E-Q6 
4.12E-Q6 
4.11E-Q6 
4.10E-Q6 
4.08E-Q6 
4.17E-Q6 
4.16E-Q6 
4.14E-Q6 
4.13E-Q6 
4.22E-Q6 

.. ·.···•4.20E..(>6 

4.19E-06 
4.27E-Q6 
4.25E-Q6 
4.23E-Q6 
4.31E-Q6 
4.29E-Q6 
4.27E-Q6 
4.36E-Q6 

'; -~,;~:, ·.}i~~.~ ·:: -:>:/ . ... · 
. 4.42E-Q6 

4.40E-Q6 
4.37E-Q6 
4.46E-Q6 
4.43E-Q6 
4.41 E-o6 
4.50E-Q6 
4.47E-Q6 
4.44E-Q6 
4.41E-Q6 
4.38E-Q6 
4.34E-Q6 
4.31E-Q6 
4.27E-Q6 
4.53E-Q6 
4.50E-Q6 
4.47E-o6 
4.43E-Q6 
4.40E-Q6 
4.36E-Q6 
4.33E-Q6 
4.29E-Q6 
4.25E-Q6 
4.56E-Q6 
4.53E-Q6 
4.38E-o6 
4.34E-Q6 
4.30E-o6 
4.26E-o6 
4.35E-Q6 
4.31E-Q6 
4.27E-Q6 
4.22E-Q6 
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Roost No. 

1 
. :~1 

1 

.1 

1 
1 

1 

1 

1 

1 
1 

:: .- .. ·~ .... 

· .. ·~-~- .. 

Roosting 
Column 

220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 

·. ~ i '220: . 
220. ·; 

.·.·: · ... 

220 
220 
220 
220 
220 
220 

220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 

. ·. ·:. 

Location 
Row 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
2(J? 
'201' 
207 
207 
207 
207 
207 
207 

207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 



Table A-2. (Cont.) 
Source Location Roosting Location 
Column Row HQ Roost No. Column Row 

243 181 4.36E-o6 1 220 207 
244 181 4.32E-o6 1 220 207 
245 181 4.27E-Q6 220 207 
244 182 4.36E-Q6 220 207 
245 182 4.32E-o6 220 207 
246 182 4.27E-o6 220 207 
245 183 4.36E-o6 220 207 
246 183 4.32E-Q6 1 220 207 
247 183 4.27E-Q6 1 220 207 
245 184 4.41 E-o6 1 220 207 
246 184 4.36E-o6 1 220 207 
247 184 4.31E-Q6 1 220 207 
246 185 4.40E-Q6 1 220 207 
247 185 4.35E-o6 220 207 
248 185 4.30E-o6 1 220 207 
249 185 4.25E-o6 1 220 207 
247 186 4.39E-Q6 220 207 
248 ·186 . ·· · < 4.34E-Q6 ·.·· :·1. . ·~ .. 

: .... _: 
.·· .• 22().. 207 

186. 4.29E-Q6 
... ·,: . ..... ... . . 2oi-249• 1· .. 220. 

250 186 4.24E-o6 1 220 207 
248 187 4.38E-o6 220 207 
249 187 4.33E-Q6 220 207 
250 187 4.27E-Q6 220 207 
251 187 4.22E-o6 220 207 
249 188 4.36E-Q6 1 220 207 
250 188 4.31E-Q6 1 220 207 

):;;,~:i~ .. · 188 ,- -·· •.·. 4.2f?E~ ···•- ... , .. ....... ·. '1.':·:' .. ?20 .•.. · .. ~- 'ztr7:'::· 
252' ,. -·<raa ··'-. · .. •· · 4:2oE;.os •· ··226c:·· ,.,., :ti.oi-
251 189 4.29E-Q6 220 207 
252 189 4.23E-o6 1 220 207 
251 190 4.32E-o6 220 207 
252 190 4.26E-Q6 220 207 
251 191 4.35E-Q6 220 207 
252 191 4.29E-Q6 220 207 
251 192 4.38E-Q6 220 207 
252 192 4.32E-Q6 220 207 
251 193 4.41E-o6 220 207 
252 193 4.35E-o6 1 220 207 
251 194 4.43E-Q6 1 220 207 
252 194 4.37E-o6 220 207 
251 195 4.46E-Q6 1 220 207 
252 195 4.40E-o6 1 220 207 
251 196 4.48E-Q6 1 220 207 
252 196 4.42E-o6 220 207 
253 196 4.36E-Q6 220 207 
252 197 4.44E-Q6 220 207 
253 197 4.38E-o6 1 220 207 
252 198 4.46E-Q6 1 220 207 
2p3 198 4.39E-o6 1 220 207 
254 198 4.33E-Q6 220 207 
253 199 4.41E-Q6 1 220 207 
254 199 4.35E-Q6 1 220 207 
253 200 4.43E-Q6 220 207 
254 200 4.36E-Q6 220 207 

43 



Table A-2. (Cont.) 
Source Location Roosting Location 
Column Row HQ Roost No. Column Row 

254 201 4.37E-Q6 220 207 
255 201 4.31E-Q6 220 207 
254 202 4.38E-Q6 220 207 
255 202 4.32E-Q6 220 207 
256 202 4.25E-Q6 220 207 
257 202 4.19E-Q6 220 207 
255 203 4.33E-Q6 220 207 
256 203 4.26E-Q6 1 220 207 
257 203 4.20E-Q6 1 220 207 
258 203 4.13E-Q6 1 220 207 
259 203 4.07E-o6 220 207 
260 203 4.01E-Q6 220 207 
261 203 3.95E-Q6 220 207 
262 203 3.89E-Q6 220 207 
263 203 3.83E-Q6 220 207 
257 204 4.20E-Q6 220 207 
258 204 4.14E-Q6 220 207 
259 204 4.08E-Q6 220 207 
260 204 4.02E-Q6 1 220 207 
261 204 3.96E-Q6 220 207 
263 204 3.84E-Q6 220 207 
264 204 3.78E-Q6 220 207 
265 204 3.72E-Q6 220 207 
-~ . ;204 ... : 3.67E-Q6. . 1 ,?20 .. 207 ... 

· 3:61E:.06 ·,':.<; ::.---·· .. 
::!67 .· ~ '• 204'. 1 -· .. ........ ··~ . .-. ::!2Q . _-- __ 207. ·- .·.· 

268 204 3.56E-Q6 1 220 207 
261 205 3.96E-Q6 1 220 207 
262 205 3.90E-Q6 1 220 207 
263 205 3.84E-Q6 220 207 
264 205 3.78E-Q6 220 207 
265 205 3.73E-Q6 220 207 
266 205 3.67E-Q6 220 207 

.·.::.- .... . ' .. · .. ':.~- ;: ... :267 .~· ·. ::' (· 205 . 3.{):~~~6 :-· 1-•:·:·· .. ::?~~;:?:·.-:::~ . .. . ~97.·::· --
268~'" '· ·., 205 :'-:.-.·.:· .. ·; <3:56E-Q6 .:• 1 ., ,207 
269 205 3.50E-Q6 220 207 
270 205 3.45E-Q6 220 207 
271 205 3.40E-Q6 1 220 207 
267 206 3.62E-Q6 1 220 207 
268 206 3.56E-Q6 220 207 
269 206 3.51E-Q6 220 207 
270 206 3.45E-Q6 1 220 207 
271 206 3.40E-Q6 1 220 207 
272 206 3.35E-Q6 220 207 
273 206 3.30E-Q6 220 207 
270 207 3.45E-Q6 220 207 
271 207 3.40E-o6 220 207 
272 207 3.35E-Q6 220 207 
273 207 3.30E-Q6 220 207 
274 207 3.25E-Q6 220 207 
272 208 .3.35E-Q6 220 207 
273 208 3.30E-Q6 220 207 
274 208 3.25E-Q6 220 207 
275 208 3.20E-Q6 1 220 207 
273 209 3.30E-o6 1 220 207 
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-···. ··.-.:.-·. 

Table A-2. (Cont.) 
Source Location Roosting Location 
Column Row HQ Roost No. Column Row 

274 209 3.25E-Q6 220 207 
275 209 3.20E-Q6 220 207 
274 210 3.25E-Q6 220 207 
275 210 3.20E-Q6 220 207 
274 211 3.24E-Q6 220 207 
275 211 3.19E-Q6 220 207 
276 211 3.15E-Q6 220 207 
274 212 .3.24E-Q6 220 207 
276 212 3.14E-Q6 1 220 207 
274 213 3.23E-Q6 220 207 
275 213 3.18E-Q6 220 207 
276 213 3.14E-Q6 220 207 
275 214 3.18E-Q6 220 207 
276 214 3.13E-Q6 1 220 207 
275 215 3.17E-Q6 1 220 207 
276 215 3.12E-Q6 1 220 207 
275 216 3.16E-Q6 220 207 
276 216 3.12E-Q6 220 207 
277 216 3.07E-Q6 220 207 
275 217 3.16E-Q6 220 207 
277 217 3.06E-Q6 1 220 207 
275 218 3.15E-Q6 220 207 
276 218 3.10E-Q6 220 207 
277 218 3.05E-Q6 1 220 207 
278 218 3.01E-Q6 1 220 207 
279 218 2.96E-Q6 220 207 
276 219 3.09E-Q6 220 207 
277 219 3.05E-Q6 220 207 
278 219 3.00E-Q6 220 207 
279. ..21.9·.· . 2.96.E,.P6 · ,1 .. 220 207 
28() . '."· .. ··::: .. 

:219o' 
- ... 

. 2;91E"Q6 · . 
.. . ~· 1 ·"~. ' . ··~t ·,.;:.- .:.., ·2.20 

278 220 2.99E-Q6 1 . 220 20t 
279 220 2.95E-Q6 220 207 
280 220 2.90E-Q6 220 207 
281 220 2.86E-Q6 220 207 
282 220 2.82E-Q6 220 207 
283 220 2.78E-Q6 220 207 
284 220 2.73E-Q6 220 207 

•.. - ···.·:280. 221 ... 2.89E'{l6 .. · . ·1., ... ,.' ',.2~ 2.07 . 
··-

:_ 221 ; ... : :2;est:.OO ;.-. }o1, ~";\: 2Bto . ~ '. . f :-- .. -?~ 
282 221 2.81E-Q6 1 220 207 
284 221 2.73E-Q6 1 220 207 
285 221 2.69E-Q6 1 220 207 
286 221 2.65E-Q6 220 207 
287 221 2.61E-Q6 220 207 
288 221 2.57E-Q6 220 207 
289 221 2.53E-Q6 220 207 
282 222 2.80E-Q6 220 207 
283 222 2.76E-Q6 220 207 
289 222 2.52E-Q6 220 207 
290 222 2.49E-Q6 220 207 
291 222 2.45E-Q6 220 207 
283 223 2.75E-Q6 220 207 
284 223 2.71E-Q6 220 207 
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-·- .- ·. . ... ~ 

.. : ' ~ . _ _. , .. ---. . .. ,._ ~:- .. -- .. 
•· . . ;_::::-.~:.>: ... -· .. -,-

. . -~- ·'- -~ -_-·: 
-~.- -~·'-' ·;~----· . ,. . .. - ., ·-. ,: .. 

Source · Location 
Column Row 

291 
292 
284 
285 
286 
292 
286 
287 
292 
287 
288 
292 
288 
289 
292 
289 
290 
291 
292 
290 
291 
290 
291 
290 
291 
290 
291 
290 
291 
290 
291 
291 
292 
291 
292 
?91 

. . . . 292' 

293 
291 
292 
293 
294 
292 
293 

. ~ 294 . .. . .295· __ .:.- .-..-:f._. __ ·--•• ~,-~:.~~~. 

----~ ·' __ , :' :-~ :--• .a:.;.: ... ~ .. ·._~·· .. · .. 
293 
294 
295 
296 
297 
294 
295 
296 

223 
223 
224 
224 
224 
224 
225 
225 
225 
226 
226 
226 
227 
227 
227 
228 
228 
228 
228 
229 
229 
230 
230 
231 
231 
232 
232 
233 
233 
234 
234 
235 
235 
236 
236 
237 

-_.'237;: . - .. 

23i 
238 
238 
238 
238 
239 
239 

.239 . 
239 
;,. 

240 
240 
240 
240 
240 
241 
241 
241 

.'-= •.. :·.·· 

HQ 
2.44E-o6 
2.40E-o6 
2.70E-o6 
2.66E-Q6 
2.62E-Q6 
2.40E-o6 
2.61E-o6 
2.57E-o6 
2.39E-Q6 
2.56E-Q6 
2.52E-Q6 
2.38E-o6 
2.51E-Q6 
2.48E-Q6 
2.37E-o6 
2.46E-o6 
2.43E-Q6 
2.39E-o6 
2.36E-o6 
2.42E-o6 
2.38E-o6 
2.41E-o6 
2.37E-o6 
2.40E-o6 
2.36E-Q6 
2.38E-o6 
2.35E-o6 
2.37E-o6 
2.34E-o6 
2.36E-Q6 
2.32E-Q6 
2.31E-o6 
2.28E-o6 
2.30E-Q6 
2.27E-o6 

_ 2.29E-o6. 
2,~51:-oe - . ·-
2.22E.:06 
2.27E-o6 
2.24E-Q6 
2.21E-Q6 
2.18E-o6 
2.23E-o6 
2.20E-o6 

. . . 2,pE-o6 
• ., -. ,2.;:14~~ ,, 

2.18E-o6 
2.15E-o6 
2.12E-o6 
2.09E-o6 
2.06E-o6 
2.14E-Q6 
2.11E-o6 
2.08E-o6 
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Roost No. 

1 
1 

1 
1 
1 

1 

.1. 
. '.<•1 .... 

. . ·:· 
1 . ,. 

1 

Roosting 
Column 

220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 

. 220 
-.:·_: · .. 
... . ; ·. : '220'' . ~ 

220 
220 
220 
220 
220 
220 
220 

'• ,.. 1 220 
.•... · ;•· . 1 ·- . ·•·. , .. , .. ;.220:: 

1 

1 
1 

1 

··-:· -..:~·:,;: .. 220:'·'--·· 

220 
220 
220 
220 
220 
220 
220 

loeatlon 
Row 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 .· 
?07<··· .· 
'2.0i' 
207 
207 
207 
207 
207 
207 
207 · ... · ~07;~7.:' 

···2o1 
207 
207 
207 
207 
207 
207 
207 



. . ' . -~·- .. 

Table A-2. (Cont.) 
Source 
Column 

297 
298 

' ... 29~ 

'~o_,· 

301 
302 
303 
304 
296 
297 
298 
301 
302 
303 
304 
305 
298 
299 
300 
301 
303 
304 
305 
306 
307 
304 
305 
307 
305 
307 
308 
305 
306 
308 
306 
308 
306 
308 
306 
307 
308 
309 
3o7 
309' 

.. ~-.-: ... 

Location 
Row 
241 
241 
241 

310 
307 
310 
307 
308 
310 
308 

· >h· ::·.,_, ... ·:atcr -'- ·-- · -·- · _'":. __ , 
. 'Mf' ·'- :,_,,:< .. -· .. 

:. ~41 
241 
241 
241 
241 
242 
242 
242 
242 
242 
242 
242 
242 
243 
243 
243 
243 
243 
243 
243 
243 
243 
244 
244 
244 
245 
245 
245 
246 
246 
246 
247 
247 
248 
248 
249 
249 
249 
249 
'250 
250 
250 
251 
251 
252 
252 
252 
253 
253 
~~ 

308 254 

....... ·-

HQ 
2.05E-o6 
2.02E-Q6 
1.WE-o6 

1.94E-Q6 
1.91E-o6 
1.89E-o6 
1.86E-Q6 
2.07E-o6 
2.04E-o6 
2.01E-Q6 
1.93E-o6 
1.90E-o6 
1.87E-o6 
1.85E-o6 
1.82E-o6 
2.00E-o6 
1.97E-Q6 
1.94E-o6 
1.92E-Q6 
1.86E-Q6 
1.84E-o6 
1.81E-Q6 
1.79E-Q6 
1.76E-Q6 
1.83E-o6 
1.80E-o6 
1.75E-Q6 
1.79E-o6 
1.74E-Q6 
1.72E-Q6 
1.78E-Q6 
1.75E-Q6 
1.71E-o6 
1.74E-Q6 
1.70E-o6 
1.73E-Q6 
1.68E-Q6 
1.72E-o6 
1.70E-o6 
1.67E-o6 
1.65E-o6 
. 1.69E,,S 
1.64E-06 
1.62E-o6 
1.67E-Q6 
1.61E-Q6 
1.66E-o6 
1.64E-o6 
1.60E-o6 
1.63E-Q6 
1;SSE-o6 . 

" ···1.56t:.oa .· .. 
1.62E-o6 
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. . --·,· 

- ., -· 
. ': . . . . . •r.· .-·~ .•• -_ ' . ~ . 

Roost No. 
1 

1 
::~~ .. ~ _::_1' 

1 

1 

1 

1 

1 

1 

1 

1 

1 
1 

1 

·._· >1 . 
1 . · .. 
1 

1 

1 
1 

1 

Roosting Location 
Column Row 

220 207 
220 207 

;. 220 . '" .207 . . . , :.: _:t::'::A_~-: . . . . . . io7' '-
- . 22iJ . :·207' 

. __ ,_.:.., 

220 207 
220 207 
220 207 
220 207 
220 207 
220 207 
220 207 
220 207 
220 207 
220 207 
220 207 
220 207 
220 207 
220 207 
220 207 
220 207 
220 207 
220 207 
220 207 
220 207 
220 207 
220 207 
220 207 
220 207 
220 207 
220 207 
220 207 
220 207 
220 207 
220 207 
220 207 
220 207 
220 207 
220 207 
220 207 
220 207 
220 207 

-220• 207 . 
220 2o7· 
220 
220 
220 
220 
220 
220 

1 ··' 220 ' -
~- ' :.. ,,.::2:);'~/:-~;:b~~-:-

207 
207 
207 
207 
207 
207 
207 

':.1._0{>':~:: . 

1 220 207 



.. -··-

Table A-2. (Cont.) 
Source 
Column 

.309 : ...... 
311. 
309 
311 
309 
311 
309 
311 

. • .. ;_ .309 
-3tf. 
309" 
311 
309 
310 
311 
309 
310 
309 
310 
309 
310 
309 
310 
308 
309 
308 
309 
308 
309 
308 
309 
307 
308 
309 
307 
308 
306 
307 
308 
306 
307 
308 
307 
308 
309 
307 
308 
309 
-310 

308 
310 
308 
309 
310 

. · .•. ·· 

'· 

Location 
Row 

.. _·,254 .• .-. 

254 
255 
255 
256 
256 
257 
257 
258 
2Sa 

--~59 

:_ -.: 

259 
260 
260 
260 
261 
261 
262 
262 
263 
263 

?64 
264 
265 
265 
266 
266 
267 
267 
268 
268 
269 
269 
269 
270 
270 
271 
271 
271 

272 
272 
272 
273 
273 
273 
274 
274 
274 

.. ~2.74 .. 
215'. 
275 
276 
276 
276 

HQ 

1.55E.:06 
1.58E-o6 
1.54E-o6 
1.57E-Q6 
1.53E-Q6 
1.56E-o6 
1.52E-Q6 
1.55E-o6 

. _1,51e~> ·:· 
- . 1 :54E:~6 _,. 

1.50E-Q6 
1.53E-Q6 
1.51E-Q6 
1.49E-Q6 
1.51E-Q6 
1.49E-Q6 
1.50E-o6 
1.48E-Q6 
1.49E-o6 
1.47E-Q6 
1.48E-o6 
1.46E-Q6 
1.48E-Q6 
1.47E-o6 
1.47E-Q6 
1.45E-o6 
1.46E-Q6 
1.44E-Q6 
1.45E-o6 
1.43E-Q6 
1.45E-o6 
1.43E-o6 
1.42E-Q6 
1.44E-Q6 
1.42E-o6 
1.44E-Q6 
1.43E-Q6 
1.41E-Q6 
1.43E-o6 
1.41 E-o6 
1.40E-o6 
1.40E-Q6 
1.38E-Q6 
1.37E-o6 
1.39E-Q6 
1.37E-o6 
1.35E-Q6 

· 1.34E;;Q6. 
· ·1:aee~6 · 
1.33E-Q6 
1.35E-Q6 
1.33E-o6 
1.31E-o6 

'-~:-. ·.:: ··:· ~ 

Roost No . 

1 

.1 ... . . .1. : 

1 

1 

Roosting 
Column 

--~ .. .-. 220:'. 
22o. 
220 
22.0 
220 
220 
220 
220 
220 

220 
22.0 
22.0 
22.0 
22.0 
220 
220 
220 
22.0 
220 
220 
220 
220 
220 
22.0 
220 
220 
22.0 
22.0 
22.0 
220 
220 
2.20 

220 
220 
220 
220 
22.0 
22.0 
220 
220 
220 
220 
220 
220 
220 
220 

.220. 
220 ... 

220 
220 
220 
220 

Location 
Row 
-.~Pr · 
.··207" 

207 
207 
207 
207 
207 
207 
207 
'i.Qt•·:.: 
'207' 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 

.. 2oi. 
207 
207 
207 
207 



Table A-2. (Cont.) 
Source 
Column 

311 
309 
310 
311 
312 
311 
·313 
311• 
312 
313 
312 
313 
312 
313 
312 

.. ··· ,• ...:··· ... ;·.• :• .... ;:;:':·,, ... 31:3.•.~···,<,. 
312'1 '-

313 
312 
313 
314 
313 
314 
315 
313 
315 
316 
313 
314 
316 
314 
315 
316 
317 
315 
316 
317 
316 
317 
316 
317 
318 
317 
318 
317 
318 
317 
318 
318 
317 
318 
317 
318 
317 

Location 
Row 
276 
2n 
2n 
2n 
2n 
278 

.:~2.78 •· .. 
279. 

279 
279 
280 
280 
281 
281 
282 

283 
283 
284 
284 
284 
285 
285 
285 
286 
286 
286 
287 
287 
287 
288 
288 
288 
288 
289 
289 
289 
290 
290 
291 
291 
291 
292 
292 
293 
293 
294 
294 
295 
296 
296 
297 
297 
298 

HQ 
1.30E-Q6 
1.32E-Q6 
1.30E-Q6 
1.29E-Q6 
1.27E-Q6 
1.27E-Q6 

· 1.24E"()6 . 
1:26E.06 
1.25E-Q6 
1.23E-Q6 
1.23E-Q6 
1.22E-Q6 
1.22E-Q6 
1.21E-Q6 
1.21 E-Q6 

.. 1 ,2Qf;-q6 > 
. 'i:20Ei06 .:· 

1.19E-Q6 
1.19E-Q6 
1.17E-Q6 
1.16E-Q6 
1.16E-Q6 
1.15E-Q6 
1.14E-Q6 
1.15E-Q6 
1.13E-Q6 
1.11 E-Q6 
1.14E-Q6 
1.13E-Q6 
1.10E-Q6 
1.12E-Q6 
1.10E-Q6 
1.09E-Q6 
1.08E-Q6 
1.09E-Q6 
1.08E-Q6 
1.07E-Q6 
1.07E-Q6 
1.06E-Q6 
1.06E-Q6 
1.05E-Q6 
1.03E-Q6 
1.04E-Q6 
1.02E-Q6 
1.03E-Q6 
1.01E-Q6 
1.02E-Q6 
1.00E-Q6 
9.93E-Q7 
9.94E-Q7 
9.83E-Q7 
9.84E-Q7 
9.73E-Q7 
9.74E-Q7 
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.. , 

-~ .. 

Roost No. 

'f 
1 

Roosting 
Column 

220 
220 
220 
220 
220 
220 

.·· ·,22().: 
·::: ;, .. 220" 

220 
220 
220 
220 
220 

1 220 
1 220 

·:.·1<~· : .. \~· ··)·· .• ·;:.; ... 22()•: 
· .. 

.. · ... -~: .. _ .. '226''':· ..... 

1 
1 

1 
1 

:' . ·~ .... .......... ··~ ; ... 

220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
2.20 
2.20 
2.20 
220 
220 
220 
220 
2.20 
2.20 
220 
220 

Location 
Row 

·/· .. ' 

207 
207 
207 
207 
207 
207 
207 

.· .. 2o7. 
207 
207 
207 
207 
207 
207 
207 

·:.~7>" 
:2.01-· 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 
207 

.. · .. ' :.· 



Table A-2. (Cont.) 
Source Location Roosting Location 
Column Row HQ Roost No. Column Row 

318 298 9.63E-Q7 1 220 207 
319 298 9.53E-Q7 220 207 
318 299 9.53E-Q7 220 207 
319 299 9.43E-Q7 220 207 
317 300 9.54E-Q7 220 207 
318 300 9.43E-Q7 220 207 
319 300 9.33E-Q7 220 207 
317 301 9.44E-Q7 220 207 
318 301 9.33E-Q7 220 207 
317 302 9.34E-Q7 220 207 
318 302 9.24E-o7 220 207 
319 302 9.14E-Q7 220 207 
317 ._._303 ·. 9.24E-Q7 · ._1 220. 207 

.. 

3Q3'' iH4E~7 · f:. 201' 318, -·~ . ... 220 
319 303 9.04E-Q7 220 207 
318 304 9.04E-o7 220 207 
319 304 8.94E-Q7 220 207 
320 304 8.85E-Q7 220 207 
321 304 8.75E-Q7 220 207 
319 305 8.85E-Q7 220 207 
320 305 8.75E-o7 1 220 207 

.·.-· '·::: c·.i··;-Y7···•32t :::·.: 305 .. 8.66E-Q7· .. ·.·1.·:·:·! 220- f!J7:';:"" 
'32:a> ~- ... 305 . ... .· ... ·. it56E..01 ·•· .. 1 : .• ::.:~·-·;22<L ... .. 207 ...... 

323 305 8.47E-Q7 220 207 
321 306 8.57E-Q7 220 207 
322 306 8.47E-o7 220 207 
323 306 8.38E-Q7 220 207 
324 306 8.29E-Q7 220 207 
325 306 O.OOE+01 220 207 
322 307 8.38E-Q7 220 207 
323 307 8.29E-Q7 220 207 
324 307 8.20E-o7 220 207 
324 308 8.12E-Q7 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 ratio of 0.50:0.50 for aquatic: terrestrial, and terrestrial 
foraging was weighted in a square home range. 
Note: COPECs with HQ = 0 lacked parameter input values such as a TRV 

Rank COPEC HQ Std Err No. Obs. HQ o/o of Total 
1 Pentachlorophenol 3.66E-03 1.19E-03 1 00 24.38% 
2 Cesium-137 2.23E-03 8.49E-04 1 00 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 4.57E-04 100 7.17% 
6 Vanadium 6.62E-04 2.49E-04 100 4.41% 
7 Cobalt-60 5.39E-04 1.88E-04 1 00 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% 
11 DDT [p,p 3.38E-04 1.06E-04 100 2.25% 
12 Nickel 3.25E-04 7.66E-05 100 2.17% 
13 Manganese 2.80E-04 6.28E-05 100 1.87% 
14 Lead 2.29E-04 5.50E-05 100 1.52% 
15 Aroclor 1 ~54 

· ;· 1.a·. ztnc.- ~ -·-·· 
17 Barium 

2.17~-04 7 .50E-05 100 1.44% 

-~:~~~~: ·:_ .. ~•·:·~:~~~~g~ ·-->:~·:.}~g·-~_.:-,:' ·-~--:~~~:~--
18 Potassium-40 7.44E-05 2.64E-05 100 0.50% 
19 DOE [p,p 7.40E-05 2.55E-05 100 0.49% 
20 Chromium 5.35E-05 8.43E-06 100 0.36% 
21 Arsenic 5.16E-05 1.05E-05 100 0.34% 
22 Copper 4.72E-05 2.67E-05 100 0.31% 
23 Radium-226 4.70E-05 1.66E-05 100 0.31% 

'- ·· ;; "'' ::~:_::,;<- ~~~:a~riGFil,~~-: 
26 ·Cadmium 

·._:_,-._44 ___ --·.-a324E~--'oOslfi:_ '>: . .-: _ _ 59_ ,::24_ 51EE~Oq6~--._ ... -.>:loo2: •"·-~ .. - ._oq_ •• :2gt_. __ ·-~---o·_:_: __ -,'.-_--_-: ...... 
.• • . - . .. .. ,,.>._;·-;-~,: v.- : ..... ~:.';.. .. ... 1:"10 

2.60E-05 6.71 E-06 100 - - . 0.17%. 
27 Beryllium 2.57E-05 4.20E-06 100 0.17% 
28 Sodium 2.31 E-05 9.19E-06 100 0.15% 
29 Selenium 2.20E-05 5.51 E-06 100 0.15% 
30 Pyrene 1.47E-05 8.10E-06 100 0.10% 
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 3.21 E-06 1.65E-06 100 0.02% 
37 Dieldrin 2.81 E-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 4.81 E-07 1.63E-07 100 0.003% 
50 Benzoic Acid 4.78E-07 1.55E-07 100 0.003% 
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Table A-3. ~Conq 
Rank -COPEC HQ Std Err No. Obs. HQ %of Total 

51 Hexachloroethane 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% 
56 Plutonium-238 1.13E·07 7.72E-08 100 0.001% 
57 D [2,4·] 1.04E·07 3.43E-08 100 0.001% 
58 Nitrobenzene 9.93E·08 3.67E-08 100 0.001% 
59 DB [2,4·] 7.79E·08 2.59E-08 100 0.001% 
60 Chlorophenol [o·] 7.59E·08 2.44E-08 100 0.001% 
61 Methylphenol [4·] 7.59E·08 2.44E·08 100 0.001% 
62 Cyanide 6.42E·08 2.16E·08 100 0.0004% 
63 (2,4-Dichlorophenoxy 5.66E·08 1.86E-08 100 0.0004% 
64 Hexachlorocyclopenta 5.42E·08 1.74E-08 100 0.0004% 
65 Dalapon 4.85E·08 1.60E-08 100 0.0003% 
66 HMX 4.64E·08 1.79E-08 100 0.0003% 
67 Endrin aldehyde 4.09E·08 1.41E-08 100 0.0003% 
68 Endrin ketone 4.09E·08 1.41E·08 100 0.0003% 
69 Endrin 4.09E·08 1.41 E-08 100 0.0003% 
70 Americium-241 2.80E·08 1.41E-07 100 0.0002% 
71 Fluoranthene 2.35E·08 1.32E·OB 100 0.0002% 
72 Chlordane [alpha·] 2.20E·OB 7.53E·09 100 0.0001% 
73 Chlordane [gamma-] 2.20E·OB 7.53E-09 100 0.0001% 
74 Heptachlor epoxide 1.50E·08 5.13E·09 100 . 0.0001% 

-·--·75. Anthracene ' · · ·· 1;~U3E-OB ·-__ --_ •; ~:fs~,:~: 1oo· ___ . ' 0:0001.% . . ·. . . , ... 
·1·oo··-·· 76 Azobenzene 1.45E~08 . 0.0001%. 

77 Trichlorophenol [2,4 1.37E·08 4.44E-09 100 0.0001% 
78 Dichlorobenzene (1 ,2 9.49E-09 3.04E-09 100 0.0001% 
79 Sodium-22 8.49E·09 4.22E-08 100 0.0001% 
80 Phenol 7.86E·09 2.52E·09 100 0.0001% 
81 Dimethylphenol [2,4· 7.59E-09 2.44E-09 100 0.0001% 
82 Methylphenol [2·] 7.59E·09 2.44E·09 100 0.0001% 

·. ~ ' •. 
·.· 83· ... -.Butbenium-106 .. . 5.9,1 E:09 -.. 3_.ooe~os .. •-.1.00 - O.O()qQ4o/~-- .-_.--

84:,_./-- ojn~etf;i-: ... ,, _ .·• -::<-- :s~ozs,.-os.: f:'t38E:()g ,).:j'ptf.:,\:;:: .. o.qoo:o~o;,~- ·_ ··· 
85 Dicamba 4.90E-09 1.64E·09 100 0.00003% 
86 Lindane 4.37E·09 1.50E·09 100 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 lsophorone 2.53E-09 8.13E-10 100 0.00002% 
91 Butyl benzyl phthala 2.39E·09 7.67E-10 100 0.00002% 
92 Acenaphthene 2.31 E-09 7.45E-10 100 0.00002% 
93 Di-n-cetyl phthalate 2.17E·09 6.97E-10 100 0.00001% 
94 Endosulfan II 1.96E-09 6.75E·10 100 0.00001% 
95 Heptachlor 1.87E·09 6.41 E-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 DOD [p,p 1.28E-09 4.40E·10 100 0.00001% 
99 Endosulfan I 9.99E·10 3.42E·10 100 0.00001% 

100 Methoxychlor 4.74E-10 1.62E-10 100 0.000003% 
101 Bromomethane 4.41 E-10 2.82E·10 100 0.000003% 
102 Dimethyl phthalate 3.80E·10 1.22E-10 100 0.000003% 
103 Methylene Chloride 2.49E-10 1.66E·10 100 0.000002% 
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Table A-3. (Cont.) 
Rank COPEC HQ 
104 Diethyl phthalate 8.28E-11 
105 Trichloroethane [1,1 8.25E-11 
106 Dichlorodifluorometh 4.11 E-11 
107 Xylenes (o + m + p) 3.98E-11 
108 Trichloropropane [1, 3.86E-11 
1 09 Dichloroethane [1, 1- 3.43E-11 
110 Endosulfan sulfate 2.93E-11 
111 Carbon disulfide 2.80E-11 
112 Tetrachloroethylene 2.20E-11 
113 Chloroform 2.06E-11 
114 Carbon tetrachloride 1.93E-11 
115 Dichloroethane [1 ,2- 1.79E-11 
116 Bromodichloromethane 1.72E-11 
117 Bromoform 1. 72E-11 
118 Chlorobenzene 1.62E-11 
119 Toluene 1.19E-11 
120 Benzene 1.17E-11 
121 Dichloroethene [tran 6.65E-12 
122 Acetone 4.18E-12 
123 · Ethylbenzene 3.18E-12 
124 Styrene 1.54E-12 
125 Trichlorofluorometha 3.09E-13 
126 Acenaphthylene 0 
127 Aniline 0 
128 Benzo[a]anthracene 0 
129 Benzo[a]pyrene 0 
130 Benzo[b]fluoranthene 0 
131 Benzo[g,h,i]perylene 0 
132 Benzo[k]fluoranthene 0 
133 Benzyl alcohol 0 
134 • Bis(2-chloro~:~thoxy)m . 0 

. :13s.·. Bls(2·chloto~thyJ)et .•.. · · · - O·.·. 
136 · · Bis(2-chloroisopropy · o 
137 Bromobenzene 0 
138 Bromochloromethane 0 
139 Bromophenylphenyl et 0 
140 Butanone [2-] 0 
141 Butylbenzene [n-] 0 
142 Butylbenzene [sec-] 0 

··.· .. ·•143 .. -·.B~;~tyl.b~ene{tert-L .. , ._ · .. ·· .. ·- ~ 0 .. 
144-> ,._ ChiOro::a~tnethylpheno· ·:< ., ·.: 'tk · .. 
145 Chloroaniline [4-] o 
146 Chlorodibromomethane 0 
147 Chloroethane 0 
148 Chloromethane 0 
149 Chloronaphthalene [2 0 
150 Chlorophenylphenyl e 0 
151 Chlorotoluene [o-] 0 
152 Chlorotoluene [p-] 0 
153 Chrysene 0 
154 Cobalt 0 
155 Dibenzo[a,h]anthrace 0 
156 Dibenzofuran 0 
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Std Err 
2.66E-11 
5.29E-11 
2.63E-11 
2.55E-11 
2.47E-11 
2.20E-11 
1.01E-11 
1.80E-11 
1.41E-11 
1.32E-11 
1.23E-11 
1.15E-11 
1.10E-11 
1.10E-11 
1.04E-11 
7.61 E-12 
7.49E-12 
4.46E-12 
2.69E-12 
2.03E-12 
9.88E-13 
1.98E-13 

0 
0 
0 
0 
0 
0 
0 
0 
0 

-.· .. ·:· .. () ..... ·. 
. 0: 

0 
0 
0 
0 
0 
0 

.. <>;-g .. 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

No. Obs. HQ % of Total 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

• '·· 100 

0.000001% 
0.000001% 

0.0000003% 
0.0000003% 
0.0000003% 
0.0000002% 
0.0000002% 
0.0000002% 
0.0000001% 
0.0000001% 
0.0000001% 
0.0000001% 
0.0000001% 
0.0000001% 
0.0000001% 
0.0000001% 
0.0000001% 

0.00000004% 
0.00000003% 
0.00000002% 
0.00000001% 

0.000000002% 

,·:,.· 

. ·· .. ~-~~-<. . ,· .. ;·.·· . 

100 
100 
100 
100 
100 
100 

. <, •. ·J :~-gg~ : ... :·:.,:·-~ ...•... 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 



Table A-3. (Cont.) 
···.··Rank. : -·c.op~?·_ ·· .· · 

157. -Dltiromo~3-chloroprop 
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 Dichloropi"opane [2,2 · 
168 Dichloropropene [1, 1 
169 Dichloropropene [cis 
170 Dichloropropene [tra 
171 Dinitrotoluene [2,6-
172 Hexachlorobutadiene 
173 Hexanone [2-] 
174 lndeno(1,2,3-cd]pyre 
175 Iron 
176 lsopropylbenzene 
177 lsopropyltoluene [4-
178 Methyl Iodide 
179 Methyl-2-pentanone [ 
180 Methyl-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 ~ropylbenzene 

. , 194 . . Radvari Gto$s Alpha:S -----
195 Radvati Gross ·seta Sc .· 
196 Radvan Gross Gamma S 
197 Saturated Hydrocarbo 
198 Terpene Hydrocarbons 
199 Tetrachloroethane (1 
200 Trichloro-1 ,2,2-trif 
201 Trichloroethane 

._, 202 ,_ -· Tqmetl;lylbenzene [t, _ 
203·-·' ,. UnktiO'Wn:-organic-comp~ • 
204 Unknown Polynuclear 
205 Dichloroethene [1 ,2-
206 Aroclor 1 016 
207 Aroclor 1221 
208 Aroclor 1232 
209 Aroclor 1242 

'HQ 

(f 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

····.0.·. 
0 
0 
0 
0 
0 
0 
0 

.,o 
.... --..··-().::.· .. · 

0 
0 
0 
0 
0 
0 
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· ; - --- Std Et-f 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

. o.~
o 
0 
0 
0 
0 
0 
0 

. ·.:.0' _, ... ,.-. 
0 
0 
0 
0 
0 
0 
0 

. , ___ . , ___ '1'00" '·''"'"··--:··.. ., ... " __ ... _, 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
10.0 

·••.· .-}~~·;:._ ... 

100 
100 
100 
100 
100 
100 

;:_j,o
0
o
0
. __ .. __ -_,. __ -_--

.. :;··· ~-: -1 

100 
100 
100 
100 
100 
100 

: ·. ·. . . ~ ..... 



Table A-3. (Cont.) 
Rank COPEC 
210 BHC [alpha-] 
211 BHC [beta-] 
212 BHC [delta-] 
213 Chloro-o-tolyloxyace 

.. ' .. ; ?~1 . "t: {2.4kl .. 
. - . . . . 215 _, -.: TP_f?.4~5:.] __ . ·: _ 

216' ·· · An1ino-2;6~diri'ltrotol· ,_ 
217 Amino-4,6-dinitrotol 
218 Nitrotoluene [m-] 
219 Nitrotoluene (o-] 
220 Nitrotoluene [p-] 
221 Octadecanoic acid 
222 Tetryl(methyl-2,4,6-
223 Carbazole 
224 Benzidine [m-] 
225 Totarol or isomer 
226 Unknown alkanes 
227 Oxygenated Hydrocarb 
228 Actinium-228 
229 Bismuth-211 
230 Bismuth-212 
231 Bismuth-214 
232 Lead-212 
233 Lead-214 
234 Radium-224 
235 Thallium-208 
236 Radvan Tritium Scree 
237 Unknown organic acid 
238 Hexadecanoic acid 
239 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 

HQ 
0 
0 
0 
0 
0 

" ... <,o~· 
.... 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1.50E-02 

···-: ., : 

:" .. , .. ;-_..:. ·::.' -.-. .·.· .:; 
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·.· .. -;· ·' ·. .· .. 

Std Err 

0 
0 
0 
0 
0. 

.. · .·:_ 0. 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

._ ... ' ... · .. ·._ ' ·~.' 

No. Obs. HQ % of Total 
100 
100 
100 
100 

,_10p 
.. ,{~.: ... ::,:::.·._.. •'·--

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

·."' ·. 
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