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The lower Columbia Rver, loae ln the border of Orego and a igo gr-35;&g^~~ ~
fish'and wildlife resources. c The'ared provides importait

,for bald eagles (Halaeetusileuoc'ephaths), which are currently listed in Oregon and ig
,.. as at~ireatned~speces unde 'Endan gered Specie Atof 1973, as a m, nde d.'F i i

nesting pairs of bald eagle oand a wintering population of over 100 birds currentlyuse the
'Columbia' Rivet (Garrett et al. 1988, Issacs'and Ahthony 1995). 'Bald eagle nesting feifitories
and productivity of eagles along the lower Columbia River have been nontored sinc the ear .,
f970s, and'the number of occupied nesting territories has increased in the last si- .year's'. .
, .Hdwever, fiveVyetr.productivityaveraes been nealy 50 nt lower tha ~'fiy9-yearn
state-wide averages for eagles nesting in either Oregon'or Washington (Figure 2;.ac sand
Anthony 1995; ,Washington Department of Fisheries and Wildlif9e,-unpubl annual cestens .1 ',
reports). While productivity lev6l of eagles aiong the lower Columbia RiverariW 1elf
rnesting populations in other, areas of the two states are nearing some of the recov ex'guidelines
required to temiove the species from the enda cigee es list (..S. Fishan.d 

_ 2,, . . , * 9 * * X y < * S S r * y - == =~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~iedin'h~fei fidfi~itsha-b'e

The 'rganochlorinei psticides DDT dicmnad e h bd
nationwide popultion declieither though direot mortality or
in productivity,(Prouty et al. 1977,K'aiser et al. 1980, Wiemeyer et al. 1993). Di-Durigg'astudy
conducted along'the lower Columbia River from 1985 o 1987,Anhnyet- L(199),fod
elevated concentrations of DDE and polychlorinated biphenyl• (PCBs) in'ad ag..e.gs ...

blood obtaied from eight- to teh-week- -old nestlings, and ineagl ecarcasses cojcl e edA& fih.
river. 'SEggshell thinfing, como yassociated wiDDE concws aso bbser'ed- m
*.this 'study and w' correlated with popr rerdibiscdess""(Aitohy et a., 1 .
of eagles (primarily fish) exhibited detectable concentrations f DDE; PCBs,'and ot
organoclloinles (Anthony et. al; 1993). In,addition, evidence':ofDDE and PC i d
eagllenestlin'gs 'indicato'd that recent poshrewoccurring ae te nesti pn. ' l
contaminated pry, items takeh frgm th~e-rivter'(Anthony et al.-1993). .-''',--..,'

t ' ' ' a ' '07 .'. ..''...t' ......... '., ..'.'.k.' '. : .V .." ...; 

The primary sources of organochlorine pesticidesand PCB cofitaminants in' doluabwve bl
eagle tissues are largely unknown. The use of largA quantities of DDT in orcharopsin the
Columbia Basin prior to 1974 (Tehriere etal. 1966, Blus et al. 1987) and'use of PC~s in
electrical'iransformers or as dust suppressants could have contributed to,
burdens found in biota'associated with the rive'r. DDT and its metabolites are verypersistent and
they have recently been detected in water in the Yakima River Basin, which drains' into the
Columbia River (Rinella et al. 1992). Dredging activities conducted in the river'to giaintain a
navigation channel could be resuspeniding persistent compounds and increasing'their. '..
biciavailability. In lAborator studies with fish,'Seelye et al: (1982) demonstrated the potential
for uptake of contamina'nts such as DDE and PCBs from dredging., Steidl et a'. (l991)'foind a_... ''

organochlorine contaminants highest in eggs of ospreys (Pan'dion haliatus) nesting near.
Delaware Bay. The authors suspected high concentrations of contaminants detected in upper-
portions of the estuary, and resuspension of contaminants by dredging, were the probable-souirce'
of contaminants in the osprey eggs. '
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Figure 2. Five-yew average productivity (young produced/occupied territory with known
outcome) for bald eagles nestfing in Washington, Oregon, and the lower ColumbiaRiver.--
-Statewide values for Washington from 1993 to 1995 are estimates. Statewide data include
: values from' the, lowver Columbia River. .. : :

Bald eagle eggs collected from the estuary in 1987 and 1991 also exhibited elevated
'concentrations of 2,3,7,8-tetrachlordibenzo-p-dioxin (TCDD) and 2,3,7,8-tetrachlordibeuzofurai
(TCDF; Ahthony et al. 1993). The TCDD concentrations found in the five eggs analyzed were
within a range of TCDD condentrations found in eggs of fish-eating birds exhibiting poor
*reproductive success in Michigan (Kubiak et al. 1989, Anthony et al. 1993). In addition, analysis
of fish collected from the lower Columbia River revealed TCDD concentrations exceeding
human health guidelines (U.S. Environmental Protection Agency I 986a; U.S. Fish and Wildlife
Service, unpubl. data). High TCDD concentrations in the fish tissues led to the designation of
the Columbia River as "Water Quality Limited" in 1990. The U.S. Environmental Protection
Agency (EPA) restricted the, concentration of allowable dioxin in the river through the
establishment of a Total Maximum Daily Load (TMDL) for TCDD in order, to protect aquatic
resources.



-4

The current investigation was designed to evaluate the reproductive succegs of bald eagles'.. .
nesting along the lower Columbia Rivfrand to identify specific organochlorine residues'in the'
eggs of these eagles. 'This interim report summarizes the results of productivity data gathered in
-1994 and 1995"aand reports the residue results from eagle-eggs analyzdd in 1994 Residue results

/for bald eagle eggs collected in.1995 were not available for inclusion in this report but will be
' included in a final report scheduled for completion in the Fall of 1996. Information obtained
from the study will be used to deternine if organochloiirie compounds continue to accumulate in
eagle eggs and assess whether planar polychlorinated hydrocarbons (PCHs), whichinclude
dioxins, furans, and planar PCBs, are contributing to the reduced reproductive success observed
in eagles nesting in this area. The results Will assist resource management agencies in their
assessmeht 6f water quality standards for the lower Columbia River and its tributaries and in the
management of eagle populatidns in the area. '

,METHODS

Productivity Suirveys and Site Seection
.-Productivity of bd eagle nest sites was determined in 1994 and 1995 by helicopter overflights
-and ground surveys, in coordination with annual state-wide surveys cond ucted by the Oregon
Cooperative Wildlife Research Unit (OCWRU) and the Washington Department of Fisheries and
Wildlife (WDFW. Overnights weie conducted in April to determine' site occupancy and nqtig;
status,' in May to confiri nesting statiu and to locate abandoned nests containi ig nonviable

. '-(addled)%egs; 'nd in eatl'y 'Jlyto,,countjuveniles in sts and evaluate&final productivity. The
-outcome of nest' not monitored bV helicopter surveys were determined by volunteers who

t monitor nestsIon anannual basis. and report' findings to OCWRU, WDFW; or the Ridgefield ' .- .

-National Wildlif6Refuge- in Waaliingtnh:t -

Selection of nesiing~ ites For egicollection occurred immdiaiely following the'April overflight.
Sites s'elected for sampling inluded nests where eggs were collected inpreviots contaminant ;
investigations, nests exhihiting historically low productivity or repeated nesting'failures, and
nests in recently established territories. -

Egg Collection andProcessing . a - -

Bald eagle eggs were coilecied in April and May bf 1994 and in Aprii of 1995. Nest trees'were
climbed by professional tree climbers with experience handling eagle eggs Only one fresh egg
was collected from active nests, and all eggs were collected from.abandoned nests. Each'
collected egg was wrapped in aluminum foil, placed in a well padded coffee can, and lowered to
an observer or brought down by the tree climber in a backpack. The can containing the egg was
placed in a cooler with Blue Ice and transported to the U.S. Fish and Wildlife Service's Oregon
State Office in Portland, where it was refrigerated at 3 0C until processing. In addition to eggs,
one common carp (Cyprinus carpio) and one starry flounder (Platickthys stellatus) were
collected from two different nest sites in '1994. Th& prey items were double bagged and frozen at
-200C until shipment to the contract laboratory.
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Eagle egg processing occurred within 24 hours of collection and included measuring length,'
breadth, whole egg mass, and volume by water displacement.- Eggs were cut along the equator
and the contents rem~oved to determine embryo mass.' Development stage was noted as early
mid, or late in comparison to developing pheasant (Phasianus colchicis) embryos (Fant 1957).'
Egg contents were stored in chemically-cleaned jars and frozen at -200 C until shipment to
laboratories conducting residue and bioassay analyses. -

Eggshell thickness (shell and membranes) was measured on shells from 25 bald eagle eggs'
colledted intact and on eggshell fragments from four damaged eggs. Each eggshell half from the-.
intact eggs was rinsed with water and air-dried for a minimum of 30 days afterhaivesting.
Eggshell thickness was measured with a dial micrometer with rounded contacts at five site's along
the equator on each eggshell half, resulting in 10 measurements per egg. Th6 10 measurements
were averaged to determine the 'mean thickness of each shell. Thickness was measured on the
four damaged eggs using eggshell'fragments large enough to approximate the equator region of

* the egg.' A minimum of five measurements were collected and averaged for thX damaged eggs. :
For.each eggshell with'detached membranes, the estimated thickness (0;13 mm, Stan Wiemeyer,.

' U.S. Fish and Wildlife Service, Reno, Nevada, pers. comm.) of bald eagle eggshell membranes
* was added to the ffiean'thickness measurement. Eggshell thinning was determined as the percent

differpncebetween eggshell thickness of each egg and mean eggshell thickness (0.6088Thm)
determined for bald eagle eggs collected in the Northwest prior to 1947, when DDTwas not in'
widespread use (Pan Anderson, Univ. Calif., Davis, unpubl. data).

Residue Analysis .' '.
Eagle embryo samples and prey items were shipped overnight on dry ice to laboratories
contracted through the National Biological Service, Patuxent Environmiental Science Center for. ' ..
residue analysis; Embryos and prey items were chemically analyzed for PCHs at'Midwest . '.
*.Science Center, Columabia, Missouri. J'e PCHs included eight pblychlorinated dibenzo-Jb.'.. :. 
dioxins (PCDDs), ten polychlorinated dibenzofurans (PGDFs), and non ortho-,and mono ortho-'

-:substituted PCBs (planar' PCBs). Nomenclature for the planar PCB cohgeners"'discussed in this
report follow International Union of Pure and Applied Chemists (IUPAC) numbers (Ballschrmiter .
and Zell 1980). Non-ortho PCB congners analyzed include PCB 77 (3,3',4/4'- - .

tetrachlorobiphenyl), PCB 81 (3,4,4',5-tetrachlorobiphenyl), PCB 126 (3,3',4,41',5-
pentachlorobiphenyl), and PCB 169 (3,3',4,4',5,5'-hexachlorobiphenyl). Embryos and prey
items also were chemically analyzed for organochlorine pesticides, total PCBs, and mercury at
'Hazlkton Laboratories America, Inc., Madison, Wisconsin.

Egg and fish tissue samples were prepared and analyzed for PCHs according to Feltz et al.
(1995). Approximately 25 g aliquots of egg or fish tissue were homogenized with anhydrous
sodium sulfate for dehydration and extracted with methylene chloride in an extraction column!.
Extracts were concentrated by rotoevaporation and treated by a two-stage reactive cleanup with
sulfuric acid silica gel/potassium silicate column and a column of sulfuric acid silica
gel/potassium silicate/silica gel. Extracts were purified with high performance gel phase
chromatography. Analytes were separated by an automated C-18/PX-21 carbon column high'
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performance liquid chromatography system, isolating four fractions: 1) bulk and di-ortho-PCB '' congeners;' 2) mono-ortho-PCB congenets; 3) non-ortho-POCB congeners; and 4) PCDD/PCDFs.'=

Following isolation, the PCDD/PCDF fraction was eluted-through basic alumina'for removal of
potential co-contaminants (ethers and residual polychlorinated napthalenes and PCBs), and the
alumina fractions were 'transferred under a steam of nitrogen. '

Aliquants of purified sample ektracts were analyzed by capillary gas chromhtography/electron
capture detection (CGC/ECD) to measure mono ortho-PCB residues (Schwartz and Stalling'-

' 1991). The PCDD/PCDF and non ortho-PCB fractions were determined by gas-
* chromatography/high resolution mass spectroffetry by monitoring five sequential windows of
selected ions during the chromatographic separation (Kuehl et'al 1991). .

Sample preparation, extraction, and cleanup of organochlorines pesticides and total PCBs
followed iimthods outlined by the EPA (1986b). Samples were homogeniiede grund t anl d -

prepared with anhydrous sodium sulfate. Analytes were recovered by Soxhlet extraction using
the solvent methylene chlorideiand concentrated in Kadema-Danish apparatus. Sample cleanup '
occurred by gel-permeation chromatography. Additional cleanup and separation 'of PCBs' from; 
organochlorine pesticides was conducted using silica gel. .

~~~~~~~~~~~~~~~~~~~. .ia , / ',,r.!-

U Sample preparation for mercury analysis included digestion with a sulfuric and nitric'acid
mixture and reduction of niercury using sodium borohydride (Monk 1961). Mertcuiy was
determined by cold vapor ato~mic absorption M atch and Ott 1968). The detection limit for this
-procedure was <0.01 Itg/g.

Laboratory quality control samples for all residue analyses consisted of procedural blanks,
duplicates, and spiked samples; Accuracy and precision as determined by'spike sample recovery
and duplicate sample analysis were within specified ranges for most organochlorine pesticides
and total PCBs.- Quality control samples for planar PCH analysis also included chidken egg
(matrix) blanks, chicken egg spikes, and positive control Saginaw Bay carp samples processed
and analyzed concurrently with actual samples (see Appendix 1). Recoveries of the `3C-labeled ' -

PCHs concentrations were generally within range (+ 20%) of expected values. Analyte -
concentrations in control carp compared closely with previous QA/QC data.

*1411E-Rat Hepatoma Cell Bioassay
Embryo and prey item tissues were used in a H411E rat hepatoma cell bioassay to assess exposure
to all planar halogenated compounds with the ability to biochemically elicit dioxin-like toxicity.
The bioassay was conducted at the Midwest Science Center following the methods of Ribick et
al. (1981) as modified by Tillitt et al. (1991a). The potency of extracts tested in the H4IJE
bioassay is compared to the potency of TCDD. The results are expressed as TCDD-equivalents
(TCDD-EQs) and are a reflection of the overall dioxin-like potency found in the sample,
inclusive of TCDD and all other planar halogenated compounds in the samples (Tillitt et al.
1991 a). The H4IIE bioassay is a screening tool and it is not completely understood if the
potency of the planar compounds in the bioassay are directly related to the overall potency of



these compounds to cause embryo lethality in bald eagles. The potency of planar compound
mixtures in the H4IIE cells has been cbrrelated to the hatching success in double-crested
cormorants (Phalacrocorax auritus) from the Great Lakes (Tillitt et al. 1992). -

DataAnalyses ..

Contaminant residues were compared for bald eagle eggs collected in 1994 only. Analytical.
chemistry results have not been completed on eggs collected in 1995. Arithmetic means were
calculated on organochlorine pesticide and mercury residues found in eggs collected in 1994 and
compared to residue concentrations in bald eagle eggs in various locations in the United States
(Wiemeyer et al. 1993) and from data collected previously from the lower Columbia River
(Anthony et al. 1993).

*Bald eagle breeding success (number of young produced/number of breeding attempts) for eagle
pairs in the lower Columbia River was compared to percent eggshell thinning using simple linear
regression. Eggshell measurements for shells of all fresh and addled eggs and all eggshell
*fragments collected in 1994 and 1995 were used in the analysis.' Breeding information during
years when fresh eggs were collected from a nest within a territory Were excluded from the
breeding success calculation: Breeding success will becompared to organdhlorine pesticide
concentrations in' all eagles eggs collected from the lower Columbia River after analytical.'
chemistry results are received on bald eagle eggs collected in 1995. All statistical tests were
performed at the 0.05 level of significance.

The overall diokin-like potency of PCHs in 'bald eagle egg tissues were summarized as TCDD
*toxic equivalents (TEQs). TEQs were determined by normalizing concentration' of individual
* PCHs relative to the potency Of TCDD using toxic equivalency factors ,(TEFs; Ahlborg et al.
1992). The concentration of each PCH in an egg sample was multiplied by its corresponding
TEE value. The values obtained for each PCH were then summed, which resulted in a single
TEQ value of dioxin-like potency for a sample. TEQs for a set of samples pan then be averaged
and compared among populations.

Normalization of the concentrations of individual PCHs relative to the potency of TCDD is
routinely accomplished with international TEFs (I-TEFs; Ahlborg et al. 1992). The I-TEEs are
designed for use in risk assessment and based on mammalian toxicological endpoints. The only
TEFs for avian risk assessment were derived from studies with chickens (C-TEFs; reviewed by
Bosveld et al. 1995). 'tEQs were calculated in the present study using both I-TE~s and C-TEFs
and are represented as'I-TEQ for the mamnmalian based TEEs hnd C-TEQ for the avian based
TEF values.

TEFs have been determined for many PCHs. However, some authors of previous studies have
evaluated TEQs using TE~s determined for only PCDD and PCDF, while others have included
TEE values for planar PCBs in the TEQ calculation. We determined both I-TEQ and C-TEQ
values for bald eagle egg tissue using TEF values for PCDDs and PCDFs only, and also by
calculating I-TEQ and C-TEQ values using TEFs determined for the PCDDs, PCDFs, and the
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.' planar PCBs. Thus, four separate TEQ values were used to assess dioxinilike potency in the bald
eagle egg smples';

Residue values for each egg were adjusted for moisture and lipid loss using volume
measurements. Volume was estimated using the mean of the whole g volunie and the egg

. content volume calculated from length and breadth measurements (Stickd e al 1973).
Contamninafit concentrations were assigned a value of one-half the detedtiof or quaniiflcation
limit for egg samples that were below these limits for computational purposes. 'Concentrations of

; PCHs below detection or quantification limits were not used in the calculation of TEQs. All
residues are reported as pg/g fresh weight for organochlorine pesticides and pglg fesitweight for'
PCHs, unless otherwise noted.

* i - ; ; - ,~~~~~~~~ . ... - , -. 

Pibdu:tiviy . ,. -,

Bald eagles nesting along the l ower Columbia River ocatipied40 nesting teriitories'in 1994 and
41 in 1995, and produced 0.70 and 0.54 youpgoccupied territory, respectively: Annual
productivity was 23%'lower in 1995 compared to 1994. -Annual productivities were very'similar
on the Or andWashington sides of the river in 1994 and in 1995 (Table 1). However,
annual gondutivities were lower by £1 in Oregon and 34% in Washington in 1995 compared

. ' ^'to 1994 (Table 1). Pr6ductivity bf the lower Columbia River eagles-was very low in 1995 and at
least ten uiiclimbed nest sites were abandoned at some-point after iitiation of incubation.
Annual productivity of eagles nesting along the river was lower than statewide values by 23 to
28% Ii'1994 and 37 to'44% in 1995 (Table 1).

Table 1. Mean 'annual.bald eagle productivity (young/occupied territory) within the lower
., Columbia River and statewide productivity in Oregon andWashington in 1994 and 1995.
Statewide'values include pr'oductivity values from the lower Columbia River.-

Lower Columbia River. Sat'd . .

. . I . .. . . I .. .. . ..~ ~ ~ ~ 4 . 4.. .. 4 :4:::. 4:::... .. . v.

' ",-. ' 1994 0.71 0.76. 0.70 ,40 90.97 0.91 767

1995 0.58 0.50 0.54 41 '0.96 0.860 - 584
'Total occupied territories in the lower Columbia River. -

bTotal occupied territories in Washington and Oregon. Values for Washington are estimates and are hot based on complete
counts (Issacs and Anthony 1995, Washington Department of Fisheries and Wildlife, unpubl. annual census reports).

Vaue may be underestimated due to incomplete survey.

Five-year average productivity for bald eagles nesting in the lower Columbia River was 0.73
young/occupied territory during the five-year period ending in 1994 and 0.70 young/occupied
territory for the five-year period ending in 1995. The five-year average productivity values
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' ending in 1993, 1994, and 1995 were higher than during anfy previous five-year time period
(Figure 2). 'Statewide five-year average productivity in Oregon was 0.95 and 0.96'
young/occupied territory'for the periods ending in 1994 and 1995, respectively. Washington
statewide five-year average produdtivities were 0.96 and 0.91 young/occupied territory for.

* periods ending in 1994 and 1995, respectively. In Oregon, bald eagles occupied 230territories in'
994 'and 245 territories in.1995. In Washington, the number of territories was 'estimated at 537 *'

in 1994 and 339 in 1995.

Egg Collection.
Bald eagle eggs were collected from nest sites in 19 different territories over the two-year study.
In 1994, fresh eggs were collected from nine territories, a broken egg from one territory, and five
addled eggs from three territories. Seven of these territories were in Washington and five were in
Oregon. Addled eggs from the same clutch (sister eggs) were collected from two territories. The -
broken egg was excluded from calculations of mean residue concentrations because fresh weight
residue concentrations -could not be determined.. . -

In 1995, eight fresh and three addled eggs were collected from nests in 11 territories. Eggs were
.obtained from four territories in 1995 which were also sampled in 1994. Six eggs were collected
from territories on the Oregon side of the river and five eggs were collected from the Washington .

-side. Eggshell fragments were obtained from three of these territories ,and at one additional
territory where' no eggs were previously collected.

Organochiorhie Pesticide and MKecry Residues
Residues of 12 organochlorine pesticides or metabolites and mercury were detected in one.or
more of the eagle eggs' collected in 1994 (Table 2). Concentrations ofmostrorganochlorines, ,>
except p,p'-DDE and total PCBs, were <1 gg/g and considered, on an individual basis,4to be
below levels that would impair reproduction (Wiemeyer et al. L1993): Mean j,p'-DDE andjtotal
PCBs in the eggs were 6.84 ptg/g and 6.15 jug/g, respectively (Table 2). Mercury was detected in',
all bald eagle eggs and averhged 0.221 eg>/g (Table 2). Concentratidns bf p,p'-DDE'ahd total
PCBs were highest in one egg collected from a territory near the' mouth of the rivei. ' ' . :

Organochlorine residues in the single broken egg collected from one territory were r6presented as
lipid weight because insufficient volume remained in the egg to determine fresh weight. The
lipid weight concentrations of p,p'-DDE, p,p'-DDD, and total PCBs in the broken egg were 152,
8.2, and 133 gg/g, respectively. These concentrations were very similar tojipid weight. . -

concentrations for p,p'-DDE (x = 154 ,ug/g), pp'-DDD (x =9.06 Pg/g), and total PCBs (x =.138
jg/g) in the 14 eggs collected in 1994. The shell from this egg 'was 14% thinner than shells from
eggs collected prior to 1947. The contaminant concentrations in the egg, when compared on a
lipid weight basis to other eggs collected in this study, were high enough to cause eggshell
thinning and may have contributed to the egg breaking during incubation.
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Table 2:- Eggshell measuremients and concentrations ri esh weigt o'f seleet:''. .-- V''i .'''{

,,-contaminants in 14 bald' eagle eggs' 'ollected from nestes in I11 territories along the '-. I.'i' l-'''' *
lower Columbia River in 1994.' Residue 6oncentrations were averaged wh~e'n"multiple , -'6`'_: {W;-'i

- .eggs were collect d'ftonl the same nest.- ,'', .',,at,.' ' ,''

Eggshell Thickness (mm) 0.543 i0,040a . .5-062.
% Changeb, -61*6 6a -25-+12- -

: p~~p'-DIDT, 0.03 4- 0.140.2.6-.;

p,p'-DDE ., ; 6.84 *2.36 ' .71. --- ~;a':<- 
'p,p'-~ 0.41 0t ,10 '0.22-0.60 - 8 :I

*,-dieldrin '4 ''- - ;5*0.02 '. 002oi,'.''' -'' ,I

* hex 'hlorobenzene . 0.02 i0.01 .- ' roi-0.04 v' 4 1J EAc f~a~-
oxychlordan6' M .2 * .1- 0.01-0.04: <

*,>' ta snachl '''. . 0.11j:0.04, , ' 0.097'0.24 ,4-,8r e

endrin- '- NCt ;.r ND:)-0.02 . -7-I .-

W ~~heptachlo epoxidc NC ' $'I' ,N0.2D^

' -alpha chloid'ane, NC- ,, 'I ND-0 02, i'''-,,,, - ,I-rrtl

.,-beta BHC -'-.''- ::.-NC . +''...'ND-0 03',:- ,'.; .::' 

total PCBs - !.,--6.15 2.28 , ,3.43-1. , 1-.- , .'

'. mercury , . ,' " - ~ '0.221± 0.43 -0 a 0;167-0.292 t, ; 5;+ J_¢l, '''F't;4

aCombined sanple siz of 29 eggshell s or fragments collected in 1994u /and fe995s w o selet,
'Change in mean iggnhell thickness below value determined for bald eagle eggs collected prior tn 194i. 11: t e a.on thelNot c alculated. Rive in 199 ve d etection limits. w a w multi

eggs ere onlletd rm the same es

: -,dfi ot detected.; MinimuimFe -lo6eeto t .1p ~ rganoachiorine pesticides d mru .3 o Cs 

we]of eic tin t 0Devghgtoid nmrange;

Eggshell Thickness (nd Breedi4g0Success . 0 4 0 682
With the exception -of oneegg, all bald eagle eggshells collected along the. 2wer Co1imbia2 River
in 1994 and 1995 exhibited some degree of eggshell thinning. Eggshells were up to 25% percent : r
thinner ( -1%) than the mean of eggs collected prior to the use of DDT (Table 2). Eggshell

thinning >15-20% over -a period of years IS associated with poor reproductive-success and a-. :- 
declining population (Anderson and Hickey 1972). Eggshells from five territories-along the river'
were >15% thinner than the pre-DDT average, and breeding success at these territories ranged

from 0 to 0.93 young0breeding attempt. One eggshell was 12% 2icker than the pre-DDT
average and was collected at the same territory where shells of normal thickness were collected
in 1986 (Anthony et al. 1993). ± : - -

Eggshell thickness was not correlated to breeding success for bald eagles along the lower
Columbia River (r -0.06, n = 19, P - 0.79). One territory was excluded Crom this analysis
because an egg was collected In the only year (I 995) the pair nested. Breeding success was quite
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variable and some nesting pairs with a history of relatively high breeding success also produced
thin-shelled eggs.- : x -

Concentrations o6fPCDJs and PCDFs
Dioxin and fuMan residues were fairly consistent in the bald eagle eggs sampled from nests along
the lower Columbia River. All egg samples contained PCDD and PCDF residues (Table 3),.
although the 1,2,4,7,8-PCDD and the l,2,3,7,8,9-PCDF congeners were'only present at or below
the detection limits. TCDD and TCDF were the most elevated congeners in eggs: TCDD
averaged 27.6 pg/g and ranged from 20 pg/g in an egg from the most upstream nest sampled to a
high of 38 pg/g in an e'gg from a nest at the mouth of the river& TCDF averaged 21.1 pg/g and -

ranged from 6.90 to 40.0 pg/g. Other elevated congeners included 1,2,3,7,8-PCDD, 1,2,3,6,7,8-
HCDD, and 2,3,4,7,8-PCDF (Table 3).

The overall dioxin-like potency of the planar PCH congeners in eagle eggs was summarized
using TEQs. As described in the Methods section of this report, TBQs were 'determined using I-'
TEFs (based on toxicity of planar PCHs to mammals; Table 3; Ahlborg et al. 1992) or C-TEFs.
(based on toxicity of planar PCHs to chickens; Table 3; Bosveld et al. 1995). The mean TEQ
concentrations calculated using only I-TEFs for PDCD and PCDF was 40.2 phIg (I-TEQ) and 68.
pg/g (C-TEQ; Table 4),iespectively. The majority of the dioxin-like potency in the I-TEQ value
'was due'to TCDD (69%); followed by 1,2,3,7,8-PCDD, 2,3,4,7,8-PCDF, TCDF, 'and 1,2,3,6,7,8-
HCDD, in decreasing order of importance (Table 3).' The majoiity of the C-TEQ potency was

. due to TcODD (40%) followed by TCDF, 1,2,3,7,8-PCDD, 2,3,4,7,8-PCDF, and 1,2,3,6,7,8-
HCDF. TODE contributed more dioxin-like potency (28%) in the C-TEQ calculation than in the
I-TEQ v'alue,' where the contribution was < 6%.

Concentratipos of non ortho- and mono ortho-sistituted PC&s
Planar'PCB residues were elevated in all egg tissue from bald eagles. The most elevated non
ortho-substituted PCBs' were PCB 77 and 126, and the most elevated mono ortho-substituted
PCO~swere PCB 118 and 105 (Table3).. The average I-TEQ and C-ITEQ calculated using TEFs '
'established for PCDD, PCDFs, anid the planar PCBs were 637 pg/g and 301 pglg, respectively
(Table 4). -PCB 1 8 contributed .the most dioxin-like toxicity (33%) of the aver-age I-TEQ value,
followed by PCB 126,'PCB 105, PCB 156, and TCDD. PCB3 126 contributed the most dioxin-
like toxicity (54%) of the average C-TEQ value, followed by PCB 77; TCDD, TCDF, and
1,2,3,7,8-PCDD-

H41IE Rat Hepatoma Cell Bioassay
Bald eagle eggs exhibited TCDD-EQ, as derived from the H1411E bioassay, in the range of 16 to
278 pg/g, with a mean of 72 pg/g (see Appendix 3 for individual TCDD-EQ values). TCDD-EQ
values for the two fish prey items ranged from I to 5 pg/g wet weight. These values for TCDD-
EQ are comparable to less contaminated sites in the Great Lakes (Ankley et al. 1991, Tillitt et al.
199lb; 1992; Jones et al. 1993). However, the adverse effects these concentrations of TCDD-EQ
may elicit on bald eagle embryos remains uncertain because the relative potency of planar
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14 baild eagle eggs collected from nests in 11I tem~tones along the lower Columi
River in 1994, and mamfmalian b ased toxic equivalency~ factors (I TBFs) and avian

based toxic equivalefncy factors (C TEsgutpeeg olce rm tesm
nest were averged torpeetoeegg from the nrest .

A %

Dibenzodioxins

-2,37,8Tetrachloro 27.6 5.87 20.038.0 1 

1,2,3,78Pentachloro 12.2 ± 3.47 87-10 0 2
1,2,4,7,8-iPentachloro' .012; ± 0.03 NDY-0.30 NA' NA

.1,23,4,7,8-Hexachloro- 1 03 +0.62 NQa-2.40 .0.1 0.05

12,3,6,7,8-Hexachioro' :787+ 278 4AO-13.0 0.1 0.Qi
I 12,3,7,8,97HexaclilOro 051..3' Q20 -- O I0 0.1
1 2;3,4,6,7,8-Hettach~oro'1 7 078 Q31 0.0 0.001

Octachloro ~~~~~~10.3 ±3.85 -. *3.80-16.0 001 NA

2 3 8 Ttrahlor . 21±06 A69040.0 0.1- ..-. 0.9 ' A-

l27Pentachloro I 1±05 5-200- 00 0.3 .

A 2,3,4,7,8-Penitalior 5.85+ 1.8 .- 3708 10 05A, .1

1,2,347,8-H~iiachloro L.. •J.2+J50"': NQ-200 "O.i td
1267-H&aioro 1.00 6.ss NQ ~ O' -07 .4~ 
1,2,3 ,7,8 9-Hie~achloro' 0.10=L0.02 -~NDO0 150 A.01 NA
23467,-Hexachloro : .20±1.13 K 0.90-490 AO.1 0.1 A A

1234 6,,8-Hepacihioro A -2.70*' lA- 96.50 -0.01 tN 

1,2 3,4,7,8,9-Heptachloro .A 0.77 + 0.67 - NQ 2 ~10 A 0.01 .NA

Octachioro `2.78+ 1.17 1y.63-5.90: Q-01 .NA '.% t

Non ortho' chiorinated Bipbeinyls '''

3,4,4 5 Teta (8 1 d ';. - :-358+65.9 .. '253-490 A NiA -,NA AA

33' 44'-Tetra (77) '7967- 596 2040-3810 0.01 0.02
'133',4 4 'SP~en-ta:(126) ' 12450 1107-2620' 0A. 0.1 A A A

3,3'4,4',5,5Hexa (169) -' 157 ±722 -84.5-325 .. 0.05 0.001
Mono ortho-chiorinated BiphenylsA A-A

A 'AAA ~~PCB 123~ 7,750'±3,450 - ND-13,100 ANA NA 

PCB 118' A527,000 I 136,000 34.5,000-859,000, 0.0004 0.0000.04 '

PCB 114 - 12,000±+ 2,880 -7,590-16,200 -NA NA
A ~~~PCB 105 A.152,000 ± 38,600 96,100-230,000 0.001 A 0.A

A PCB 167 'A66,600 ± 28,700 30,900-136,000 NA .0.000003

* ~~~PCB 156 .75,600 ±28,800 37,800-146,000 0.0004 0 .A A

A1PCB 157 A A 20,400 ± 7,400 11,600-38,106 0.0003 0

PCB 189 ' 7,780 ± 3,310 3,840-16,200 NA NA
a'Not detected. Detection limits ranged from 0.2 to 0.8 pg/g. 
bToxic Equivalency Factor not available.
Not quantified. Quantification limits ranged from 0.2 to 0.8 pg/g.
Number in parentheses is based on International Union of Pure and Applied Chemists congener number (Ballschrniter A

and Zell 1980).
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Table 4. Meah total 2,3,7,8-tetrachl6rodibenzo- -dioxin toxic equivafents (TEQs; pg/g fresh
weight) in 14 bald eagle eggs collected from I 1 nests along the lower Columbia River in 1994.

. ..... . .... ~., - ,- *
. . ..... . ......

.. ... ... ......... ;kt ae.. .. '...... '... - ,. . '$, .: .$ '. . . . ' ';:' '-

I-TEQ (PCDD/IF)3 40.2 i 8.49 32.2-57.5 -- .

C-TEQ (PCDD/F)' '68.8 + 16.9 . 46.3-102
I-TEQ (PCH)b *. 637. L 159 439-1012
C-TEQ (pCH)b 301 * 70.0 224-457

TCDD-EQ (H4IIE Bioassay)c . 72 78 -. 16-278 .. . - ; -
'TEQ calculated using only TEF values forPCDD and PCDF (Ahlborg et al. 1992, Bosveld etal. 1995). - .
b TEQ calculated using TEF values for PCDD, PCDF, and planar PCBs (Ahlborg et al. 1992, Bosveld et al. 1995).
¢TCDD-Equivalents determined by the H411B rat hepatoma bioassay (Tillitt et al. 1991 a).

halogenated compounds to cause early life stage toxicity in bald eagles is unknown at this time.i
Further assessment of TCDD-EQs in eagle eggs will be provided following analysis of eggs
collected in 1995.

; . ' ' ,' ' t ' ',,', -- ' ;,

Contaminants in Prey Items - . . , .

Organochlorine pesticide, total- PCB, and mercury residues found in two prey items (starry .
flounder 'and common carp) collected from two bald eagle nest sites were near or below dete ction
limits. The carp sample contained 0.23 gg/g wet weight total PCBs and. 0.12 Mg/g wet weight
p,p'-DDE, whereas the residues of these two contaminants in the starr flounder were below
detection limits. -. -7~ .. [ -. . .

TCDD and TCDF were the only dioxin and furan congeners detected in the prey items, and the',.
carp sample contined nearly double the values for these two congeners as did the floufider
sample (see Appendix 1). The non-ortlo PCBs 81, 77, and 126.were detected in the carp sample,
and only PCB 77 was detected in the flounder (Appendix 1). The total for, the three PCB
congeners in the carp sample was 323 pg/g wet weight. The mono-ortho PCBs 105 and 148, were
detected in the carp sample at 4 and 12.3 pglg wet weight, respectively, and at 4 and 0.9 pg/g wet,,
weight in the flounder, respectively. Other mono-ortho PCBs were below or near quantification .

limits.

DISCUSSION

As a general trend, the mean p,p'-DDD, p,p'-DDE, total P CBs, and hexachlorobenzene values
were lower than mean concentrations found in eggs collected along the lower Columbia River
from 1985 to 1987 (Anthony et al. 1993). However, concentrations of total PCBs in Columbia
River eggs were higher than either threshold values or no observable adverse effect -

concentrations estimated for bald eagles (Table 5; Wiemeyer et al. 1984, Kubiak and Best 1991
as cited in Giesy et al. 1995). The p,p'-DDE values in Columbia River eagle eggs also were
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'Table 5. Contaminant concentrations and eggshell measurements in bald eagle eggs from the
lower Columbia Riveil and contaminant values associated with impacts in -various avian
species. All concentrations are based on fresh or wet weight egg values.

;luez associatdwh

m~~~~~~~~~~~~~~~ inpctAnvaiu .*.. ..-

% Eggshell Changeb 11 >15-20 Bald eagle Anderson and Hickey 1972
10 Bald eagle Wiemeyeret al. 1993 -. . -

-p,p'-DDE Qjzg/g) . 6.84 3.6 Bald eagle . Wieney&r etal. 1993 ;: .

- total PCBs (ug/g) 6.15 4.0c Bald eagle Wiemeyeret l.1l984
6:Od Bald eagle.:. Kubiak and Best 1991

-'mercury (ug/g) -0.221- . >0.5 -Baldeagle Wemeyer et al. 1993

2,3,7,8-TCDD (pg/g) 27.6 10 Chicken Verrett 1970
- . - . .- 6-I0e Kestrel Giesy et al. -1995-.

.7f -Bald eagle -. Giesyeta!. 1995 .

I-TEQ-PCDD/Fs (pg/g) 40.2 >20-50 Wood dubk . White and ak 1994 a

PCB 77, 126, 169 (pg/g) . 4456 5,5009 Forster's terns Kubiak et al. 1989 ..'¼>

- -- . . - ^ . ~~~~~~2,070h 'Pere'grine EJarmnan'e't'al."1993 }-.. w 
* ; + . ~~~~~~~~~falcon- ; t.

See text for explanation of impacts. ' - I.'
A, Change in mean eggshell 'thickness below vatue determihed for bald eagle eggs collected prior it 1947.
c Value an estimate of the no observable adversd effect concentration.
d Estimate of threshold concentration for healthy productivity (Kubiak and Best 1991 as cited in Giesy et al. 1995).
eHazard assessment derived values (pg TCDD-equivalentslkg wet weight in eggs) represent the low observable'adverse effect
concentration estimated for American kestrels. ; -

f Hazard assessment derived values (pg TCDD-equivalents/kg- wet wveight in eggs) estimate the lowest observable adverse
effect concentration/no observable adverse effect concentration estimated for bald eagles.
"Median concentration in eggs of Forster's terns exhi6iting reproductive problems in Green Bay, Wisconsin. - . -

hGeometric mean concentration in eggs of peregrine falcons exhibiting reproductive problems in California.

nearly double the values typically associated with reduced productivity in bald eagles from'other
areas (Table 5; Widnieyer et al. 1993), and shell thinning in eggs of some breeding pairs was
above the values thought to be biologically significant in causing population declines (Table 5;
Anderson and Hickey 1972, Wiemeyer et al. 1993). DDE has been linked to eggshell thinning in

= raptors and other birds (Bitman et al. 1969, Porter and Wiemeyer 1969), and Wiemeyer et al.
V (1993) found five-year production increased in bald eagle populations when shell thinning was

less than 10%. Although eggshell thinning was not correlated to breeding success for eagles in
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the present stuldy, p,p-DDE c6nce'ntrations and mean eggshell thinning (-I1%) for eagles in this
area are similar to values for bald eagles in other areas exhibiting impaired reproduction and
reiducedfive-yeaproductivity averages (Wiemeyer et al. f993). -

Mean mercury residues were similar to the mean concentration (0.20 gg/g) of mercury found in
- 13 bald eagle eggs collected a'ling the river from 1985 to 1987 (Anthony et al. 1993). Anthony

et al., (1993) also found lead and cadmium in eggs collected from 1985 to' 1987, but
.concentrations' were below levels thought to cause deleterious effectso the population. The
highest concentration of mercury in eggs collected by Anthony et al. (1993) and during the
present study did not exceed concentrations associated with adverse effects on bald eagle
production (Table 5; Wieniey6r et al. 1984)..

Five-'y'ear average productivity 'Values for eagles nesting along the lower Columbia River from'
1993 to 1995 were higher than any previous year, 'based on five-year productivity comparisons
since 1984 (Issads and ,Anthony 1995; Washington Department of Fisheries and Wildlife,

rsnnrt'\ UsingoniiatI.V1021 -fl'709 log, X developed b.unpijbl. annual census reports). Using the equation Y - by
Wieneyer et al. (1 984) to predict five-year average productivity (Y) with various levels of DDE
contarhination (X), we.'would predict a five-year averag 'productivity for eagles along'the river
of 0.49 young/occupied territory based on mean DDE values of 6.84 gg/g (Table 2). This
productivity value is similar to historcal five-year average productivity for these birds but lower'
than averages since 1993. Since .1990, 19 new territories were established along the river, and
six of these territories were established during the past two years. The recent increase in five-
year productivity averages rdflects the higher breeding success bbserved from newly'established -,.'
pairs along the river. These pairs may not have' accumulated DDE or other organochlorines to
'the extent of older fairs along the riser. The high breeding success of the newly established pairs
may haVe influenced the relationship between breeding success and percent eggshell thinning.
Additional information will be available following analysis of eggs collected in 1995 regarding

-DDE concentrations in more recently established pairs along the river.

Currently, no studies have evaluated the dose-response relationship f TCDD in bald eagle eggs.
In ekperimental'itudies, chicken embryos exhibited mortality, edema, and teratogenic effects
with egg iiijections''of TCDD of 10 pg/g (Table 5; Verrett 1970). Mortality and reduced egg
production and hatchability were observed in adult female pheasants (Phasianius colchicus)
injected with 1 nglg TCDD for 10 weeks{Nosek et al. 1992). Field studies on avian species have
revealed a'variety of toxic responses to PCDDs and PCDFs. Great blue heron (Ardea herodias)
reproduction was unsuccessful with mean TCDD concentrations in eggs of 252 pglg, but
reproduction was nornal when mean concentrations in eggs were 92 pg/g (Elliot et al. 1988).
Eggs collected from Forster's tern (Sternaforsteri) colonies having impaired reproduction
exhibited a median concentration of 37.3 pg/g (whole egg, wet weight) for TCDD,. although
PCBs were thought to be primarily responsible for reproductive problems (Kubiak et al. 1989).
Based on numerous field and laboratory studies, Giesy et al. (1995) estimated the lowest
observable adverse effedt level (LOAEL) or no observable adverse effect level (NOAEL) for'
TCDD-EQs in eggs ranging from 6 to 10 pg/g for American kestels (Falco sparverius) and at 7
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; IPig for bald eagles '(Table 5)."Mean TCDD corncentrations.inthi 14 bald ege eggs in our
.' - ' .'sudygretly.e~ce''de th LOAEL/N.OAEL;i tihazar asese,'niaig dioxin s are ' 

.contribitingitd the redalsed rnestduintive'success observed in bal along the low'er -
river. . ,

The m 1-~T (DCDF ocntraton nge ln h
.;.--. The mieafi I-TEQ (PCDD/F) concen in eggs of bald eagles along the study area were
similar to I-TQ conceitrations in eggs of other atian-species experiencing reproductive
problems. In California, the geometric mean concentration (17 pg/g wet weight),found iin eggs .
of peegrine falcons (Falco peregrinus) experiencing reproductive problems was lower than the
I-TEQ in eggsI frond eagles along the lower Columbia River (Jarman et al. 1993). White and
Seginak (1994) found'impaired nesting and hatching success and reduced duckling production in

..wood ducks (Aix sponsd) when geometric mean TEQs were in-the range of >20-50 pg/g. The
'.' wood ducks werenestihg near a' Superfund site highly' ontaminated with dioxins and firans. The

-- aiuths also reported subcutaneous edema of the head and neck and lower bill deformities in
* ,_ toa, 'some duckling§ at the study site.'. CDD contributed 70% of the TEQ v luds in e wood k

: .study (Wtifind'SegifAk 1994) vhich-wasvery similar to the TCDD co'ntribution(69%) of the
; -e.aiietage I--TEQfound inl e'gg~m Bald eagles nesting along the 'lower Columbia River. ' -I

f -8 . ; .- 17 -. r- . . v-.

:Kubiak et al. (1989) repoted that increased incubation perod, reduced hatchability, lower body
.- 'a' 4iweight,'increasedliverto body Weigo craciur ence of ed i. Grf~i;and occmaurrGeen Bay's Forster's

. s. . , * . ;: temns appeared to bewassockited with contaminints. 'especialacnon: ortho and monlo-ortho . -a
''-p3)supcted DE and non ortho PCBs were th most important;'

.com oiinds'thkt may badver'sdfely. iieprduction in peregine facon in California.
:, TotalmiiaA concenfration (4456 gn grage A3355-625 o ofthe n-or CB (P
-7 126, and2 169 ) ."bald eagleeggs c6ollected along the rivet was slightly lower than the median
total:(5,500 pg- Wet weight 'raan-ge 1,370-41,000 pglg wet weight) of these theet congeners
found in Forstekis terns in Green Bay (Kubiak et'al. 1989), and more than, double'the geometric

,½ ^, . .'me'an' ,(2,070 frg/gwet 'weight, iange - 260 to' 6120' pgg)fpond in 'peregrine'falcon eggs in ,-. .
,"' I''.. 'Califo (Table 5;,J~~ Jr et al. 1993). PCB congene&126 and 105 accounted for more than
; C,.::',90% of the 'stinated TEQ in eggs from.Green Bay (Kubiak et al. 1989. 'In California, PCB 126
accou nted for 83% of the total TEQs in falcon eggs, although mono-orthb PCBs were not'
includedhin the analjsis '(arrman et al, 1993). In eggs collected along the lower Cohinibia Rver,
PCS 11 8, 126, and I05 accounted for the majority of the estimated TEQ average. Comparisons
df TEQ concentrations and how they reflect toxicity in eagletrmbryos will be better discernedl
l following'analysis of eagle eggs-collected in 1995. -

-Residues of organochlorine pesticides and total PCBs in prey item samples were similar to
* values obtained from various fish species collected fromt the lower Columbia River in 1986

(Anthony et al. 1993). TCDD and TCDF values in the prey items were within the range of
concentrations observed in carp and other fish species from the lower Columbia River (U.S. Fish
and Wildlife Service, unpubl. data). The preliminary estimated biomagnification factors (BMFs)
from prey items to eagle egg, calculated as the ratio of the mean concentration of TCDD in the
eggs of bald eagle to that of their prey item, was 54 (Z7/0.5) for TCDD and 57 (6.8/0.12) for



p,p'-DDE. The BMF for TCDD was slightly greater, and for DDE som6what lower, than the
respective BMFs calculated from prey to herring gull egg at Lake Ontario (Braune and Norstrom -.
1988). Relationships between'residues in eagle eggs and fish prey will be further examined after
completion of the 1995 egg analyses.

SUMMARY -

The relationships between organochlorine compounds and reproduction' of Wild eagles nesting
along the lower Columbia River have not yet been fully ascertained. Although eggshell
thickness was not correlated to breeding success for bald eagles along the river, residue'data
show eagles continue to accumulate DDE and total PCBs at concentrations associatediwith
limited productivity. Eagles dre also bioaccumulating PCDD, PCDF, and PCB congeners.
TCDD in lower Columbia River bald eagle eggs exceeded estimated LOAEL/NOAEL values,
indicating dioxins and related compounds are contributing to the reduced reproductive success'
Additional information provided frbm the 1995 field season will be useful in further elucidating'.
relationships between toxins and reproductive effects. The final report in 1996 will provide a'
comparison to organochlorine concentrations over time and relate them to eggshell thinning and
breeding success, as well as provide comparisons to previous studies conducted along ie lo wer
Columbia River.

PROJECT STATUS

Field work, productivity sur'veys and egg collection have been completed for te secondlyear of
the bald eagle study. Productivity analyses and egg collection for 1995 has been sunmarizdd in ;, :'
the Methods section of this report. Bald eagle eggs obtained in 1995 were sent to1 the Midwestd a

Science Center in August for residue analyses and for the H4IIE bioassay.' Analytical chemsi stry
results are expected to be received in the Spring of 1996. Dependent on completion of the"'
residue analyses for the 1995 field season, we anticipate completion of the final report evaluating
productivity; eggshell thickness, egg residue cbncentrations, and bioassay result' inW' FFaIl 1996.
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Appendix 1. Concentrations (pg/g fresh weight) of 2,3,7,8-iubstituted polychlorinated dibenzo-p-doxins and dibenzofurans in bald wi
eagle eggs and prey items from the lower Columbia RiVer; and qiality assurance samples.

Bald Eagle Egg ;

271 .606 -300 . '137 137 610 . ' ' 303 -

Conmaminant - CRRIBE08 * CRFIBE06 ' CRCIBE09 CRWABE07 . CRWABEO7- CRTIBE02 . CR3iBE14 f . C ->

DIOXINS * . ; * . .

2,3,7,S-Tetrachloro 20 -24 - 26 31 . 30 .24 * 23

2,37,0-Pentachloro 14 - 9.7- ' 10. 13 - . 0 -90

1,2,4,7,S-Pentachloro 0.2 NQ 0.2 ND 0.2 ND , 0.2 0.2 ND 0.2 ND 0.2 NQ

1,2,3,4,7,8-Hlexachloro 2.4 0.9 0.S NQ . 0.9 0.9 0.7.NQ 0.

1,2,3,6,7,8-Hexachloro, 13 6.9 55 . 11 12 4.4 - 60

1,2,3,7,S,9-Hexachloro 2 .. 0.S NQ 0.5 NQ 0.9 ' 0.9 . 0.4 NQ 03

1,2,3,4,6,7,0-Heptachloro 3.1 2 NQ 0.9 2 , 2 2 .0.0

Octachlooro 16 3.0 15 9.0 8.9 11 5.

FURANS

2,3,7,8-Tetrachlero 16 6.9 - 17 * 13 13 - 9.3 22-

1.2,3,7,8-Pentachloro 2 - 0.5 0.9 ' . 0.1 0.7 0.7 . 0.0 -

2,3,4,7,8-Pentachlero 5.0 . 3.7 5.2 6.5 6.2 4.2 . 5.5 .

1,2,3,4,7,S-Hexachloro 0.8 . 0.4 NQ 0:5 - 0.6 0.7 0.6 NQ 0.6 NQ .

1,2,3,6,7,8-Hexachloro 0.1 . 0.6 NQ - 0.1 0.9 - 0.9 , 0.9 0.7
1,2,3,7,8,9-Hexachloro 0.2 ND '0.2 ND . 0.2 ND 0.2 0.2 ND 0.2 ND 0.2 ND

23,4,6,7,8-Hlexachloro I 1 2.1 - 2 2.1 2 - 0'

1,2,3,4,6,7,8-Heptachlcro 2 2 2.7 * 2 2.5 - 2.4 2

1,2,3,4,7,8,9-Haptachloro 0.4 0.4 NQ 0.7 0.4 0.7 0.5- NQ 0.5 NQ

Octachioro - 2.7 2 2.7 * 2 -2.1 3.0 . 2

ND Not Detected at Specified Detection Limit -

NQ Not Quantitated at Specified Average Concentration due to Inaccurate lon Ratio

a - . . . . . . . . . _ AV 0--i.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



Appendix 1. Continued. 24

Bald Eagle Egg
308 . 248 . 130 ' 565 -304

Contaminant dRWIBE15 CRICBE03 CRBSBE] I CRlPBE04 CRBEGP12 CRBEGPI3 CRCPBEIO -

DIOXINS

2,3,7.8.Tctrachloro 21 30 37 22 21 28 28

1,2,3,7,8-Pontachloro 9A4 . II 14 9.9 9.5 1I 13.

1,2,4,7,8-Pcntachloro 0.2 ND 0.2 ND 0.2 ND 0.2 ND 0.2 ND 0.3 0.5. NQ.

1,2,3,4,7,8-Hexachloro - 0,9 0.9 2 . 0.7 0,9 0.9 ' 0.9 '

1,2,3.6,7,8-liexachloro 6.0 6.1 8.4 5.7 6.2 7.7 . 7.2

1,2,3,7,8,9-1iexachloro 0.3 NQ - 0.6 0.6 0.4 NQ 0.4 0.5 NQ 0.5 NQ

1,2,3,4,6,7,80--cptachloro 0.8 0.9 2 0.7 NQ 0.S 0.9 0.9

Oetachloro 7.6 11 11 3.3 5.5 7.1 14

FRJANS

2,3,7,8-Tetrachloro 21 40 . 16 31 28 35- 31

1,2,3.7,8-Petatchloro 0.9 . 2 2 - 0.9 0.9 0.9 .0.9

2,3,4,7,8-Pentachloro 4.9 . ' 7.1 4.7. 4.6 5.7 7.6

1,2,3,4,7,8-Hexachloro 0.5 NQ ' 0.9. . 2 0.6 0.5 0.5 . 0.9
1,2,3,6,7,8-Hexachloro 0.S 0.9 2.1 0.6 0.5 0.7 0.9

1,2,3,7,8.9-Hexachloro 0.2 ND . 0.2 NQ 0.2 ND 0.2 ND 0.2 ND 0.2 ND 0.2 ND

2,3,4,6,7,8-H6xachloro 2 2.9 4.9 0.9 , 0.9 0.9 2

1,2,3,4,6,7,8-Heptachloro- 2.2 3.3 6.5 0.9 0.9 ' 0.9 2.7

1,2,3,4,7,8,9-Heptachloro - 0.9 NQ - 0.9 - 2.1 . 0.3 NQ. 04 0 0.5 0.8 NQ

Octachloro ' 2.3' ' 5.9 0.9 '. 2 . 2 2.3

ND Not Detected at Specified Detection Limit .

NQ Not Quantitated at Specified Average Concentration due to Inaceurate Ion Ratio . '

9~~ ~ - *' 1 -'';
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- ,~~~.. f~Blad Eaglec Egg .* -:.. .Prey Items

-
3 0 4

~~~~~~~~~F. ~~~~145 Common Carp Sntary Flounder.
Contaminant CRCI'BEEI0 CRI7CEOS CRRICCOI CRRICCOI *. CRMSSFOI
DIOXINS-

2,3,7,8-retrrchlaro 29. 8 0.7 .0.6, 0.3

1,2,3,7,8-Pcnracbloro 13 21. 0.2 ND 02ND 0.2 ND:
1.2A,7,8.Pcntachloro 0.2, ND 0.2 ND I - 0ND2ND0.2 ND

l.2.3,4,7.8-Hcxachlnro- 0.9 0.9 . - 2'ND, 0.2 ND 0.2 -ND
I.2.3,6.7.8-llexachlorn ~~7.2 11- 0.2 ND' .. N 0.2 ND

1,2,3,7,8,9-Hcxdchloro 0.8 NQ 0.6 '0.2 ND 0.2 ND -. 2ND'-

2,23,4,6,7,8-lleptachloro 0.9 0.8 . -. 0.2 ND . 0.8 NQ ,. 0.2 ND

Octachloro 13 'I.1 NQ I NQ 1IN

FURANS Hl

2,3,7,8-Tetrachuloro 30 31 5.0 4.8 2.4

1,2,3,7,8-Pentachloro . . 0.9 0.9. '0:2 ND, 0.2 ND -0.2 -ND
2,3,4,7,8-Pentachloro 7.6 8.1 0.2 NQ 0.2 ND .0.2 ND

1,2,3,4,7,S-Hcxachlor 0..0.9 0.2 ND 0.2 ND, 0O2 ND 
1,2,3,6.7,S-lzltxachlnrn 0.9 2 : 0.2 ND 0.2 ND 0.2 ND
I,2,3,7,S,9-Hexachloro 0.2 ND -0.2 NQ 0.2 ND* 0.2 ND - - .2 ND-F
2,3,4,6,7,t-1Htxachloro , 2.6 * 2 . 0.2 ND - 02ND ,...0.2D-

I,23,4,6,7,8-H-fptachloro 2.5 2.9 0.2 ND 0.2 ND 0.2 ND
I,2,3,4,7,8,9-Hclptachloro - 0.9 -2 0.2 ND0.ND . .2D

Octachloro :22 2.5' 0.7 NQ - 0.2ND . I -NQ

ND Not Detected at Specified Detect'ion Lim'it 
NQ Not Quantitated at Specified Average Concentration doe to onacenrat6 ton
Ratio
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.V .:,t- .- -?- :...-j 
-Quality Assurance Samples

-8t . j . : Contarninant - Procedural Blank I Proecdural Blank 2-. Chicken Egg Blank I Chicken Egg Blank 2
-.- .DIOXINS ..:

- .:2,3,7,8-Tetrahlorn 2 ND . 2 ND 0.1 ND 0.1 ND

->* -E ., 1,2,3,7,8-Pentachloron. 2 :N D ~ . 2 ND .2 ND 0.2 ND
- -;2,4,7,8-Pentachloro 2 ND 2 ND 0.2 ND 0.2 ND

* . 1,2,3,4,7,8-Hcxachloro : 2 ND 2 ND 02 ND 0.2 ND
-1,2,3,6,7,8-Hexachloro . 2 ND . -2 ND 0.2-ND 0.2 ND
1,2,3,7,8,9-Ietxachloro 2 ND 2 ND 0.2 ND 0.2 ND

* . -- 1,2,3,4,6,7,8-Heptaehloro . 5.4. 2 ND 0.3 . 07.

:Otach1oro. 83 ' 16 . . . 69 . 8.0

PURANS

2,3,7,8-Tetrachloro * 2.7 * 2 NQ 0.1 0.1 ND

1-23i78-Pentachlor 2ND 2 ND 02 ND 02 ND
2,3,4,7,8-Pentachtlro 2 ND - 2 ND 0.2 ND 0.2 ND

1,2,3,4,7,8-HeIrachloro 2 ND 2 ND 0.2 ND 0.2 ND
1,2,3,4,7,8-Hexachloro - 2 ND 2 ND 0.2 ND 0.2 ND

- 123,78Hexahlro -. , .2 ND .' 2 ND .0.2 ND 0.2 ND1,2,3,7,8,0-Hexachloro 2 ND 2 ND 0.2 ND 0.2 ND
* ': * 2,3,4,6,7,8-Hexechlnru - * 2 ND. - 2 ND - 0.2 ND 02 ND

1,2,3,4,6,7,8-Heptachloro 6.5 . 2 ND 0.2 ND
1,2,3,4,7,8,9-lHeptachloro - - 2 ND 2 ND 0.2 ND 0.2 ND

-Octaehloro 3 20 27 . 0.7 NQ 0.6 NQ

ND Nt Detected at Specified Detection Limit

NQ Not Quatitated at Speeified Average Concentration dun to Inaccurate lon Ratio
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Quality Assuranee Samples
Contaminant - Chicken Egg Spike 1 Chicken Egg Spike 2 SAGINAW CARP #I SAGINAW CARP #2

DIOXINS
2,3,7,8-Tetrachloro . ' * 9.3 9.4 . 21 21

1,2,3,7,8-Pentachloro 9.5 9.1 I I 11i

1,2,4,7,8-Pentachloro 10 9. 8 02 ND * 0.2 ND

1,2,3,4,7,8-Heaxchloro . 9.5 9.7 4.4 4.5

1,2,3,6,7,8-Hexachloro 9.2 9.4 - .13 15- :
1,2,3,7,8,9-Hexhchloro 8.4 . 9.6 ' 2 2.

1,2,3,4,6,7,8-Heptachloro . 9.8 . 9.9 , . 17 19

Octachloro 61 - . 57 13 13

FURANS

2,3,7,8-Tetrachloro . 8.4 . 9.3 . 32 . 33

1,2,3,7,8-Pentachloro- 9.2 . 9.5 * 12 12
2,3,4,7,8-Pentqchloro 10 9.8 . 34 32

1,2,3,4,7,8-Hexachloro .1 : 10 ;1.9

1,2,3,6,7,8-Hexachloro 9.6 9.6 . 6.0 7.0
1,2,3,7,S,9-Hexachloro 9.8 . 10 - 0.2 ND 0,2 ND
2,3,4,6,7,8-HcXachlor- .. 10 :14 565

1,2,3,4,6,7,8-Heptachloro . 9.8 12 . 12 12

1,2,3,4,7,8,9-Heptachloro- 8.5 . . 8.9 . . 0.2 ND. - 0.6 NQ

Octachloro . . 47 . . 47 2.1 I.

ND Not Detected atSpecified Detection Limit
NQ Not Quantitated at Specified Average Concentration due to Inaccurate Ion i6 tio - -- . . .
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Appendix 2.-Concentrations (pglg fresh weight) of non-orthochloro-substituted polychlioinated bipfienyls~ in bald eagle eggs-and prey items eit-duio
from the lower Cblumbia.River.

Non-oPolveblonnagted Binbenyls

Submitter. T raTeTs B - PC Pensa:. 4- Hexa:-I ', C

Submitter ~~~Sample Description: (nest/prqy, 3 5TB 3,34 44 O 3,3',4,4',5-eB .334,,5'HsC

Number: - rs gfco otnsol) Cogie1 Co'ngunitr 77, Corncener 126CneirIS

Eagle Eggs

-CRRIBEO8 271,25g (02445 3810 1~430 100

ORCIOCQO - ~~300, 25 g, (0,91) 330 20151 1

CRWADEO7 137, 25 g(8)Replicate 1 -375 2,060 1,670 165

CRWABEO7 -137, 258g (0.89)- Replicate 365 2,220 1 880 160

CRT1BE02 610, 25 g (93 355 2120 120110

CRwNBE14 3080,25Z, (0,82) 300 23 80 138t12

CRWWIBES 308, 25gS.(0.85) 102 320 1 410 110

CR15C8E03 248,25 0:3 380 3090 12 3

CRBSB~l * 136,25 8. (0.00) .403202,170.- 170

CRGPE04 -565, 25 g. (0.00) -235 2 600 92023

CRBEGPI2 565,
2
5 g, (0.86) 230 51 1 090-23

-CRB3EGPI3 56,5.0.7 '295 3,180 1,31i--o 290 

CROPHISIO 304, ~~25 g, (0.95). * 300, 2230 170 - -. ,155 N

CRCPBEIO ~~~304, 250 g(095) 3570- 1,78016

*CRFCBEOS *145,25g (0.90) 370 3,310 2,620 325
Prey Items -

CRRICCCoI Commnon Carp, 25 g -Replicate 1 '16 270 -2 2 ND:

CRRICOCQ0 Common Carp 25 gi Replicate 2, 19 290 -52 N

*CRM455F01 - Sita~rryFlsuud'r, 2'5g AND 32 76 NQ 2 N

a Procedural Internal Standards I native snalyims were net detected in sample extracL
b Procedural Internal Standard recoverses beo Clii <5 A)~

c Toual pg in blank sampleA
NQ -Nor Qsaotititcd at Specified Cooeeato'o oIncople'te len Cluster or. loaccirate. Ion Ratio
ND Not Defected at Specified Detectson Limit
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Sample N oi. - Nesting Territory~~. . ..... 

........ . .....I.E.. ,..610. . . . 39.....3.3

............ CRJCBE03 248 . .. ......20.23
. ................ 5 6 5 ..... ,.0 .8

......... C FIB O6 606 .. 143 ' 1
* CRWABEO7 137 100 7.6~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~s a'

CRR`H4IBE~boass 'qrvdTCDE 271f egh)i 16 ld-1.7 -g npe-~

Smle No.' NeSsnpleMe 1 a

CRMFBE01 784 164 1.4
*CRTBE0P1 5610 39 6.4

*. CRTBE0P2 5610.. .. 0.. 0.5.2

CRTIBE0I4 .6308 75. 7.81

-- CRTIBE025 6108 154 6

- .-- . . Sample Mean' 360

~CRMSSFOI Stry6 lude5 0.1

-gConCBEntato give as we2egtbcueegvluecudntb aiae.0
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... . . .. . ~Attachment,.
Respon~ to Per Review Cof et nt~dat interim 'report ',nvzronmental

Gontamihants in Bald Naesting. Alog the Lower~ Coilumbra. Rier

Comments fOm Steven L." Stockto'n,U. S. -Army'opso EngnesOc.4195-

Commenht 1) Page.3, Paragraph I; The'two sentences, "Various parts of the Cohimbia River
arefreuenlydredged, and th6se activities can resuspen'd and increase bioav'ailability of

contaminants such as PCBs and DDE (Seely et al. 1,982). Steidl ei al. (1 99 1) suspected
s inospey Pandon alitus)elevated contaminants nope (Pndo )a eggs in Delaware Bay were due' to.

dredging activities." are misleading, in error, adatd.anshudbdeted.

Respons 1) Thiq sentences were-m~odified to betterrepregent the intentions of the oiia

authors and to remove any implication that the siudies Were conducted in' the'lo'wer ... 

Couba River:. 

....... ... .. ,...-

CMment 2)As presented, the S eelye referec e insinuates that frequent dredging of the
ColubiaRiv~drdgedmatrialresspededand increased the bio-availability :ofPC~s and

. ........ DDE In acuaitythe Seey study conducted in 1977-1978 on Saginaw Betie y... was a
labratrystuy d gahe hiforaioo recommend hw bioav'iaiiytst hudb

'designed toeauat eietqaiy .Cnaiae eiet werelaiipytredts thoul thes
tanks ever y to 10 t miues form th uaion ofte1-aepsr.'Tiisnthrhe

typicl mheraiat6dregediried~nj qua notcntmiatinlvsfodinlt"rqely:. . , 

'drege d Clmi ieedmns"Sey didtanot wor weimeth thae C tolumbia toive ese
sediment io di heexraoltes the dreationhp of the laborat6~osury expossure t h ata
Sagyinaw Baydfieldrexposur aroud 'a dredging copermiation. Thevsam caution isa pfrqudehtl

therefre, no to exiapolae his aboratry wor n~oth Columbia Riverl inafhevprcntsuy

1982 Conducted their sttdyien the" Coelumi Riebrta h uhrsspotdtent
C~iin horumbiadRiver diedged aterial reupnddadinrae the baoaor oiie aviabltye of.

......... PC..s anrD.HweeSey eta.(920i ugs htbsdo thirrsut

TeSqrin su ta fed'emonstraed notuonly tr oeain he poetilfrapa meof (cnautinants by 1dThta
r:esultofdedingt but alsothe pi aotetal tiliy woft fihe bioassbays v in evlaing propsetsudy.

dredging opeatioh"Te sentences inretheifinal itoermov repor h~avebeniodii taSed eto 'al..

indiate thlmbate dredgighsted potential toupedd n increased hebioavailability of cna~ajs

PComment 3)DSeelywconducted3 expeimets Total2 didTsu lest ina thsedo thest rsedmetsar

rshltown asedg20 pbufo allo 3thexpcoiential exposures.ofafsignificantyd inervaluating DDEpo'se

-accumulation were noted in experiment I between controls and exposed hatchery or lake fish.
Seelyc did report that in experiment 3, using aerated sediments) concentrations of DDE were
sig'nificantly higher in the exposed than in control fish. WhAt is not mentioe ithtetbut



:~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~A "AEA ' 

tr- 'V- - '. 

is displayed in the tables is that the precxposed hatchery raised fish had significantly higher,
DDE levels than either' the control or the exposed fish. Tis would be an indication of
dephration of DDE d'iig th& 10 day dration of the test. Looking back' at 6'ridh2 DDE
cofcent ationj in tiP flxposed sh we e less tha the contrdl and similar to preexposure fish.-,m',
Therefore, Seble does not show increa§e bioavaitability of DDE even during prolonged
laborator expbsurc as'statd. Extrajolation to dredging acivities on the-Columbia River and
.DDE uiptak6 1, fish hence to eagles based upon Seelye et'al. 1982, is poor science if not
bogus.' ' - '

Response 3) aSe.ye 6ta.- (1982) indicated in experiment 3 that concentrations'of PCB, DDE,
and some metals were sigiifcantly'higher in'fish exposed-to'acrated dredged sedimets than-
-. controll fish.. The preexposiure, hatchery-raised fish did not have significantly higher DDE
levels than the' control fi-sh (P=0.700; Table'VII, Seelye et at. 1982) and'differences were not
tested betWeeif the preexposiir and the exposed fish. 'The Authors did ptovid''aplausible' ;>
expI anation f te teide icy towaids hightr mean values in the'preexposur'fishcompaied to
the contifiL ;qd ekposed fish. The authors stated "We believe these increases were due to a loss
of weight by the conirol fish that r6sulted from our witholding of feed from bothgoups.
'(cnidlsaMd fipes' expduAngtheper'iment.' ereforehersults indicate thaftfish did,,
have enhanceduptake of DDE when exposed to aerated sediments (ekperimei 3) 'eVen though , --
th6'fishIexp4sed to6 noaerate4dsediments did ndtexhibit higher concentratiohnso DDE than
cdntris k(expdrirnent 2). -. e resuttsof Seelye et al. (1982) rev'al th' pbfehtitI o increased
bioavailability of DDE in' fish exp6sed to'dredged sediinents under the sonified 5onditions"
He sentences in the final interim ieport on bald eagles have been 4Yisd £o dicat that \

dredginjhds'ihe p~tehtial t6 ior~a ease uptake of some contaminants..' A t ''

Commet i4), PCBs (1248) ncentations were 1350 ppb, 1190 ppb ,nd 950 ppb (dryw eight)' r;4 '
i the 3 experimental exposure sedimnints. These values 'are 2 orders of magnitude abotv the 3 '

hits in th&77 sedim6n't p 'le'd and analyzed (532 separate tahysX Risamples collected separate7. analyses) 4rimng
Sta study'of Colujiibia'Riv&r sediments (85 ppb, 11 ppb, and 7.3 ppb). Jn'ekperimit) ,
bhtch'ery fish showed PCB uptak6 while lake fish showed a decrease, though not significat,
from the controt Experimeit 2 and 3 both show significant uptake after 10 days exposure in
the tanks. In these experinments the contaminant, and exposure pathway are known, this'is not,
true for the field. First, he contaminant must be present. Frequentlydredged sediments in the'*",
* Columbia River are clean sands 16w in fines and organic material and do not contain'detectable
levels of 'PCBs. Secondly, exposure to fish by actual dredging operations Would be measured '

in minutes if not secdnds'as they instinctively avoid both the dredging and disposal operations.'
Again extrapolation of Seelye et al. 1982 to Columbia River dredging is inappropriate 'due t
significant difference in contamination levels and exposure pathways.

Response 4) The objectives of the Seelye et al. (1982) study were to determine accumulation
in contaminant concentrations in fish exposed to dredged sediments, and the results indicate
that enhanced uptake of PCBs and other compounds can occur. Data collected by the U.S.

- Fish and Wildlife Service (Service) clearly show that bioaccumulation of DDE, PCBs, and
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.... . .. .. .......... . . . . . . ..... . . ....... . .. . ........ ... . ..............

dioxfnsisoccurrin in.fshbal eagles, ....and other bird assoiate with th. 9lub..Rve

........ bi..v.f.ab ility ...... ........ .....

Contain. Toxicol. 34:770-774) ..However,... fish. could......... stillbe.epose..o.ogau.ochirines.......
attached to suspended sediment ...even if........ the.uspndedsedmen patce we..pesntatlp

concentrations, or during the learning process" that may oe~~~~~~~~~~~~~~~~~~~ur before the fish exhibit the '.... ....

posisibl socurces in ofi con amdnant esfound i D telwre Bisaysspraeygg. Wthilhe Stemida dosstaer
"we' beihevBnevedmt the release andsresuspension of contamhnantstroghdedini als an likel

... .. b .titete eaonfr hi.elef.Teprse..ou...Rie.sud sPas lacking invat

threore byi eeeceCami River eao~eftaio h gle egogso witoacutn the -first daapont tostblshan
. ....... link i6s fresonsbald Furher i atinors ofther liel patham wihiedtne ses

Imspos S henEhe reernaoSedi~-(91 n th' do nee W ntobfild eagerepr
hxaveben ried toin iColudei th~e higheoginohopie coenrationsatog tin sedimenot in thedupper

elsewlie'repn thdyele Nrhestl. On pltibehypothesgisgto 'explatn this pheomenra ise ht 
dredgaingabpeaionaieessedntndicesnyteaalbiiyo otahtat

Di ata fromiSdlcondtaio(982 cranedobysdergnvoationsmdb Steid'lcial.o(1t ) stupport. idcthis g
hypt othesi anod threfor areh incluseded, inoteitetso the final interim 85 bal egl repvort.'tti

timed dta arseinsufficdiment tdetermne whether spedredgn activintie pin the Colubi river arel
cornarepot cont'ributing t the iceasedn orgaocsthaoiae oburdbensonrte bald eagls.' ehbtthe.

dreginhisueisonlyT forop s'a posbehpthes ineis, and the porevioutdiai hes iniat exitha
the hypi otheis soldabe cohsaider tsdui managemn eiiosb 

CC=r raAldegngapaspa~ 6
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Commefnt 6) Lastly, continued references fo'dredging activities on te lowerColuba ver' -
.and the healthof eagle populations in the areashowsa a lac toe r

repor bf r~dgn~ o~ati~m~a~iald4ged;'Adci'th& laws and rekulation~s Which f -t&

- ' be folldwed todregeo Th'eUSACE, Portland Disircit hag both operatfbiol'ard regulto& Y r 4i 

authorities govering dredging in the loyer ColuIbia ier. We,itherefore,'ha instittiona ' 4

and historical expertise End information available to nterest edapingdredgin .

and dredged material disposal in hd lower Columbia River - -r -

Response 6) The Service recognizes th& the U.S. 'Army Corp of Engineers (COE) has
operational and regulatory authorities concerning dredging operations. Under section 7(a)(1).,
of the Endangered Species Act bf 1973,'as amended,~botl the U.S. Fish and Wildlife'Service
and the COE, as Federal agencies, are obligated to 'utilizetheir authorities4 in furtherance of
.' .'the pposes of ths A y carying out progrs for conservatio i of aenngee e nd

.:. threatened species listed'pursuant to' section .4 o'f this act.'>We agree' that in iffilcientt' ^'.. -..'" t ....' ;'^ ''~ -o';
inorniaiidn is availableto adequately addrdss the act&ofdredging avitiies on ish d
!;- 'wildlife onunifties as'sociated with the Columbia River,an are comnuitted to using The b'estg'

S -. i available data to dete'fine why reproductive i cs n artedccurringin te.eaes.:l . '
Consequenitly, the Service'would apprediatee the opportunity to consider data obtained by the '

' ' COE during 'dredging operations to assist in the Colmia-River bald eagle s n $ -

* .~ . Comments from Richard Olsen, Argonne National Laboratorf December 3 l l95 ,., 4-S- . -

- 4- ' Commt 2) As with specific species studies, This stl ntuallyat p
contaiunant levels in eggs and eagles to cohtaminants inprpy da fo the spatial ,'

distribution of contaminants' in non-biotic pairs of. the ecosystem. -The general patway for . ' --

.'';;.-' -transpor' tns -to eagies' in the LCR is 'kn6wnbut the miciohabitat chstnbutiono '

.- v..conthminaiits within the foraging ange'of the edgles appuearsno be kown' Th.e substantial 4 .'

44 '- ; ' .' :-.variability of analytical results 6resented emphasizes this factor. Thisis a 'impo t antrz
t. . . ~ . ''compo ithat must be determined. Also,-noncodntain'nit'effcdt 4 istm al b

4 c~~~omponent A *4 st be4dals be`attoe ~
;- out (e.g., habitat and hum dist rb'cifctors). : ; -:* K; -; s-;

Response 2) Contaminant relations in eagle eggs andpfey.: The U.S. 'Fish and Wildlife Service .
collected numerous invertebrates, fish, and eggs 6f ish-eating birds from ihe Columbia ver.-

* . ' ''and is chrrently reviewing the data. This 1iformhtion'Wll be used to a s-se conaniian;
relations in eagles and prey species and determine biomagnificatiofi factorsin future reports..-
Microhabitat'contaminant distribution: The objectives of the present study did not include an 

'examination of microhabitat contamination within the foraging range of individual eagles ;
* primarily due to insufficient funding. However, eagles have been'used as an indicator species
in numerous studies and informnation is available to assess reproductive inipacts based on ' .

* '- . 'contaminant levels in eggs. This assessment can be conducted regardless of contaminant -

* .variability in eggs, although future investigations 'should focus on microhabitat sampling if . r-

* funding permits. Disturbance: Habitat and human disturbance factors for bald eagles nesting'
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.al~onjg ,the river have been assessed in previous investigations. This issue will be considered
.... ur.ng h .e fnal phase of the project. .-.... . .. ; ;fi!-

onmieint 3) I am a little concerned with a few aspects of the study design. The egg analyses4 01 1.

dlo god include heavy metals which may also be a factor. Unless this potential factor can be
i ....... . ruled on the basis of past studies, it should be included in this study. I am also concerned

- about the lack of specific reference sites in the design. The analytical results for this study are
compared with state-wide results for analyses during the same year. This may be acceptable if
it can be stated that the state-wide analyses do not also include eggs from contaminated or
: otherxise impacted sites. It would be far better to have included noncontaminated reference

: .sitesfrom within the region or even better within the LCR in the current study. One final
concern I have is the statistical analysis. The study includes relatively few data points which
Xappcai to represent nests selected in the LCR where nonviable eggs existed or where previous .
nesting succdss w4s evident. The site selection component of the sampling design may

.. ... .. = . - -. 

. therefore bias the results for statistical analyses and that in combination with the fact that the
populAtion may not be normally distributed due to the number of data points makes use of
linear regression somewhat suspect. There is also some indication that state-wide values
include thliRZIO0 values; is may also be a problem and I suggest a data correction be made.

-... -. - ..

..... ... -.. -.-

Response 3j Trace elements: The trace elements lead, cadmium, and mercuy were analyzed
in Col Prmbia River bald eagle eggs in previous studies, and mercury was analyzed in eggs from
the present study (see Garrett et al. 1988, Anthony et al. 1993, and this study). The trace
6len eats were found to be below levels thought to cause deleterious effects to the population.
'The dioxin and furan analysis requires substantial quantities of egg tissue and therefore only.
m~erCuy was examined in the present study. The trace element information was added to thd
'"Disc'dssioi' sedtion in the final interim report. Reference sites/statewide comparisons:
'Contaminant residues and eggshell thickness are only compared to breedtg success of eagles

. in the lower Columbia River and are not compared on a statewide basis in the present study.
In this anialysis, the annual breeding success of nest sites that were climbed for fresh'egg
collection were excluded, as described in the Methods section. The five-year productivity
values of nests in the lower Columbia River were compared to statewide productivity values.
This was a graphical comparison and was not based on statistics, and using the Columbia
River data in Figure 2 had virtually no effect on the statewide five-$'ar productivity values.
Furthermore, excluding the lower Columbia River values from the complete statewide
determination would misrepresent the state values. The figure demonstrates that the Columbia
River bald eagle productivity (five-year averages) is much lower than statewide values even
when Columbia River productivity values are included. Site selection/statistical analysis:
Eggs were collected from sites with repeated poor productivity, a history of contaminants in
eggs and from newly established territories. True random sampling was impossible in this
area bicause some nests sites were inaccessible, some nests were in snags which were un-
climbable, and there was no way to predict early in the season which nesting pairs would begin
incubajion. Therefore, linear regression evaluated the relationship between breeding success
of onli the lower Columbia River eagles and the corresponding eggshell thickness values for
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tfhe birds (nesng success inormati n was available for all nest sites along the river).
Although the sample size was small it represented nearly half of the 'agles nesting along' the
river. Sampling nearly 50% of a population is generally better than most field studies achieve, ,
especially when workiig with a listed species Therefore, the results'from'Theregression are

' ' probably representahve of the eagles nesting along the river. Statewide valus 'inclddihg RZ 10
-values: See discussioni above under "Reference sites/statewide comparisons."
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