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reports) Whﬂe product1v1ty levels of eagles along thelow' 3 Columbla Rrver ar
e ,_nestmg popufanons in other areas of the two 5 :

of Oregon and Washlngton

The lower Columbla R1ver located along

' :,'__However ﬁve-year product1v1ty averages have been nearly 50 percent lower th An'
I state-w1de averages for eagles nestlng m exther Oregon or Washmgton (F 1gure 2

) eagle tissues are Iargely unknown. The use of large quanntxes of DDT in orch ird crops in the
- Columbia Basin prior to 1974 (Temere et al. 1966, Blus et al. 1987) and use‘ >f
electrical ‘transformers or as dust suppressants could have contributed to the ‘organochl
burdens found in biota associated with the river. DDT: and its metabohtes are Vel
they have recenﬂy been detected in water iri the Yakima River Basin, which draln into th
* Columbia Rwer (Rinella et al. 1992). Dredgmg activities conducted in the river o maintain :
- navigation channel could be resuspending persrstent compounds and i mcreasmg then'
‘ b1oava11ab111ty In laboratory studies with fish, Seelye et al. (1982) demonstrated the potentia
for uptake of contaminants such as DDE and PCBs ﬁ'om dredging.. Steidi et al. ¢! 991) found
* organochlorine contaminants highest in eggs of ospreys (Pandion halzarus) nesting near,
" Delaware Bay. The authors suspected high concentrations of contaminants detected i in upper ,
. portions of the estuary, and resuspensron of contaminants by dredging, were the probable source s
of contammants in the osprey eggs. : : A T
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' F1guxe 2. Flve-year average product1v1ty (young produced/occupled temtory Wlth known
- outcome) for bald eagles nesting in Washington, Oregon, and the lower Columbia River*

o ~ Statewide values for Washington from 1993 to 1995 are estxmates Statew1de data include -~ -

- Values from the lower Columbia Rlver
- Bald eagle €ggs collected from the estuary in 1987 and 1991 also exhibited elevated ,
- _‘concentratlons of 2 3,7,8 tetraohlordlbenzop-dloxm (TCDD) and 2,3,7,8- tctrachlord1benzof|.1ran
(TCDF; Anthony etal. 1993). The TCDD concentrations found in the five eggs analyzed were
_* within a range of TCDD concentrations found in eggs of fish-eating birds exhibiting poor -

-reproduotlve success in Michigan (Kubiak et al. 1989, Anthony et al. 1993). In addition, a.na.lysm‘ |

-of fish colleoted from the lower Columbia River revealed TCDD concentrations exceeding
~ human health guldehnes (U.S. Environmental Protection Agency 1986a; 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 ordez to protect aguatic
IESOUrces.



The current 1nvest1gat1on was demgned'to evaluate the reproductive s success of bald eagles B o

y nestmg along the Iower Columbra River ‘and to 1dent1fy spemﬁc organochlonne resrdues inthe
eggs of these’ eagles This 1nter1m report summarizes the results of productwrty data gathered in

1994 and 1995, ‘and reports the resrclue results from eagle eggs analyzed in 1994. -Residue results -
~ for bald eagle eggs collected in. 1995 were not available for inclusion in th1s Teport, but will be’

“includeéd in a final report scheduled for completron in the Fall of 1996 Informatlon obtamed

from the study will be used to determine if organochlonne compounds continue to accumulate in -

eagle eggs and assess whether planar polychlorinated hydrocarbons (PCHs), which include
dioxins, furans, and planar PCBs, are contributing to the reduced reproduchve suceess observed

.. in eagles nestmg in this area. The results will assist resource management agencies in their -

= ,._'.METHODS K

_status in May to confirm nestmg status and to locate abandoned nests contarmng nonvrable
- (addled) eggs;. and in early July to count Juvemles in nests and evaluate final product1v1ty The

AN .:-‘Nattonal Wlldllfe Refuge‘m Washmgton ¢

'. ::management of eagle populatmns in the area

Egg Collectwn aml Pracessmg

assessment of water quality standards for the lower Columbla Rlver and 1ts tnbutanes and in the

Praductrvrty Surveys and Srte Selecizon RS

Product1v1ty of bald eagle nest sites was determmed 1n 1994 and 1995 by hehcopter overﬂrghts , o

“wand ground surveys in coordmatron wrth. annual state-w1de surveys conducted by the Oregon '
Cooperatlve erdhfe Research Unlt (OCWRU) and the Washmgton Department of Fisheries and
Wlldhfe (WDFW) Overﬂlghts were conducted in Apnl to determine site occupancy and nestmg

y utcome of nests not momtored by hehcopter surveys were determined by volunteers who ~

L)

- inomtor nests on an annual ba31s and report ﬁndlngs to OCWRU WDFW or the thgeﬁeld

Selectron of nestmg srtes for egg collectton occurred 1mmed1ately followmg the Aprll overﬂrght
S1tes selected for samphng m&cluded nests where €ggs Were collected in previous contaminant

i mvestrgatlons -hests exhlbrtmg lustoncally low product1v1ty or repeated nestmg fatlures and
. nests in recently establlshed terntones ‘ : - S

:

“Bald eagle eggs were collected in Aprrl and May of 1994 and in Apnl 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 °C until processing. In addition to eggs,
one common carp (Cyprmus carpio) and one starry flounder (Platichthys stellatus) were -

" collected from two different nest sites in 1994. The prey itéms were double bagged and frozen at

-20°C until shipment to the contract laboratory.



Eagle egg processmg occurred w1th1n 24 hours of collec‘uon and mcluded measurmg length i
breadth, whole egg mass, and volume by water dlsplacement Eggs were cut along the equator o
and the contents removed to determme embryo mass. Development stage was noted as early,. . " °. L
m1d or late in comparison to developing pheasant (Phasianus colchicus) embryos (Fant 1957) C e
Egg contents were stored in chemically-cleaned jars and frozen at -20°C unt1l sh1pment to .. 0
laboratones conductmg residue and b1oassay analyses > B

- Eggshell th1ckness (she]l and membranes) was measured on shells from 25 bald eagle eggs
collected 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 after harvesting.
Eggshell thickness was measured with adial micrometer with rounded contacts at five sites along
" the equator on each eggshell half resultlng in 10 measurements per egg. The 10 measurements
* were averaged to détermine the mean thickness of each shell. - Thickness was measured onthe
- four damaged eggs using eggshell fragments large enough to approx1mate the equator reglon of
- the egg. *A minimum of five measurements were collected and averaged for the (damaged eggs. ,f e

, * For. each eggshell with detached membranes; the estimated thickness (0.13 mm; Stan W1emeyer '

" U.S. Fish and Wildlife Service, Reno, Nevada, pers. comm.) of bald eagle eggshell membranes .

- " was added to the mean ‘thickness measurement. Eggshell thmmng was determined as the percent e ‘
difference between eggsheil thickness of each egg and mean eggshell thickness (0. 6088 mm) IR
“determined for bald eagle eggs collected in the Northwest prior to 1947, when DDT was not m . O -

WIdespread use (Dan Anderson, Uniyv., Cahf Dav1s unpubl data) S

Res:due Analyszs o : o SRR
Eagle embryo samples and prey 1tems were shlpped overmght on dry ice to laboratorles ] R
~ contracted through the National B1ologlcal Service, Patuxent Environmental Science Center for. : R
+ residue analysis, Embryos and prey items were chemically analyzed for PCHs at Midwest . A :
-Science Center, Colurnbla Missouri. .The PCHs included eight polychlonnated drbenzo-p- b e
dioxins (PCDDs), ten polychlormated dlbenzofurans (PCDFs), and non ortho- ,and mono ortho- T R
" “substituted PCBs (planar PCBs). Nomenclature for the planar PCB. congeners dlscussed in this - L '
- report follow International Union of Pure and Applied Chemists (IUPAC) numbers (Ballschmrter o .
- and Zell 1980). Non-ortho PCB congners analyzed include PCB 77 (3,3' 4, 4o S
tetrachlorobiphenyl), PCB 81 (3,4,4',5-tetrachlorobiphenyl), PCB 126 (3, 34,47, 5- .
pentachlorobiphenyl), and PCB 169 (3,3,4,4,5,5 ’-hexachlorob;phenyl) Embryos and prey
items also were chemically analyzed for organochlorine pesticides, total PCBs and mercury at -
‘ Hazleton Laboratones Amenca lnc Madlson Wlsconsm ' ‘

Egg and fish tissue samples were prepared and analyzed for PCHs according to Feliz et al.

(1995). Approximately 25 g aliquots of egg or fish tissue were homogeénized with anhydrous

sodium sulfate for dehydration and extracted with methylene chloride in an extraction column,. .

. Exiracts 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



" - H4IIE Rat Hepatoma Cell Bmassay

- o

performance l1qu1d chromatography system 1solat1ng four fractions: l) bulk and d1 ortho-PCB
o congeners '2) mono-ortho-PCB congeners; 3) non—ortho-PCB congeners; and 4) PCDD/PCDF s.‘-;_;." .
' Followmg isolation, the PCDD/PCDF fraction was eluted through basic altimina’ for removal of MR
potential co-contaminants (ethers and res1dual polychlormated napthalenes and PCBs) and the R
alunnna fractions were transferred under a steam of mtrogen : -

e

-

Aliquants of punﬁed sample extracts were analyzed by capillary gas chromatography/electron
capture detection (CGC/ECD) to measure mono ortho-PCB residues (Schwartz and Stallmg

© 1991). The PCDD/PCDF and non ortho-PCB fractions were determined by gas o
chromatography/high resolution mass spectrometry by monitoring five sequentral w1ndows of S
Selected fons durmg the chromatograph1c separatmn (Kuehl et'al. 1991) ’

: Sample preparanon extract1on, and cleanup of organochlormes pesticides and total PCBs
~ followed méthods outlined by the EPA (1986b) Samples were homogenized, ground and o
prepared with anhydrous sodium sulfate, Analytes were recovered by Soxhlet extraction using ", i R
the solvent methylene chloride and concentrated in Kaderna—Damsh apparatus Sample cleanup Y _' :
occurred by gel-permeation chromatography. Additional cleanup and separatlon of PCBs from
- organochlonne pest1c1des was conducted using srhca gel T L

Sample prepara‘ncn for mercury ana1y31s mcluded dlgestron w1th a sulfunc and mtnc ac1d
“ mixture and reduction of mercury using sodium borohydride (Monk 1961) Mercury was ;

determined by cold vapor atomic absorpt1on (Hatch and Ott 1968) The detectmn hmlt for thls :_ z
' :procedure was <0 01 ;.Lg/g . , P e .

' Laboratory quality control samples for all residue analyses cons1sted of procedural blanks, RS
duplicates, and spiked samples. Accuracy and precision as ‘determined by spike sample recdvery
and duplicate sample analysis were within specified ranges for most organochlorme pestlc1des
and total PCBs,- _Quality control samples for planar PCH. analysis also mcluded chicken- °gg -

. (matrlx) blanks, chicken egg sprkes and positive control Saginaw Bay ¢ carp samples processed
“and ahalyzed concurrently with actual samples (see Appendix 1). Recoveties of the BC- labeled
PCHs concentrations were generally within range (ﬂ: 20%) of expected values. Analyte . R

‘ concentratlons in control carp compared closely with prev1ous QA/QC data B J

Embryo and prey item tissues were used in a HA4ILE rat hepatoma cell bioassay to assess exposure i
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. (198 1) as modified by Tillitt et al. (1991a). The potency of extracts tested in the H4IIE =~
bioassay is compared to the potency of TCDD. The results are expressed as TCDD-eqmvalents
(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.
1991a). The HAIIE 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-c‘au'sﬁe emb‘ryo lethality in Ealcl eagles The'potency of planar compound

- mixtures in the H4IIE cells has been correlated to the hatching success in double- crested

cormorants (Phalacrocorax aur:tus) from the Great Lakes (Tllhtt etal, 1992)

. Data Analyses ‘
Contaminant residues were compared for bald eagle eggs collected in 1994 only. Analytlcal
' chemlstry resillts have not been ¢ompleted on eggs collected in 1995, Arithmetic means were
calculated on.organochlon_ne 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 prevmusly from the lower Columbla River ..
(Anthony et al. 1993) “

-Balcl eagle breeding success ‘(num.bef-of young produced/number of Breeding attelnpts) for eagle

" . pairs in the lower Columbia River was compared to percent eggshell thinning using simple linear

'regressmn 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 durmg
' years when fresh eggs were collected from a nest within a territory were excluded from the -

- breedmg success calculatlon Breedmg success will be'compared to organdchlorine pesticide

- concentrations‘in'all eagles eggs collected from the lower Columbia River after analytical -
chemzstry results are received on bald eagle eggs co]lected in 1995 All statlstlcal tests were

i performed at the 0 05 level of mgmﬁcance

'The overall d10xm—11ke potency of PCHS in'bald eagle egg ttssues were summarlzed as TCDD
“toxic equtvalents (TEQS) "TEQs were determmed by normahzmg concentratlons of 1nd1v1dua1
‘PCHs rélative to the potency of TCDD using toxic equ1va1ency factors (TEFs; Ahlborg etal..

. 1992). The concentration of each PCH in an egg sample was multiplied by its corresponding

TEF value. ‘The values obtamed for each PCH were then summed, which resulted in a single
TEQ value of d10x1n-hke potency for. a sample TEQs for a set of samples can then be averaged
and compared among populattons o

' Normahzatlon of the concentranons of 1nd1v1dua1 PCHs relatwe to the potency of TCDD is

) routmely accomplished with international TEFs (I-TEFs; Ahlborg et al. 1992). The I-TEFs 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-TEFs and C-TEFs
and are répresented as I- TEQ for the mammalian based TEFS and 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 TEFs determined for only PCDD and PCDF, while others have included
TEF 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



T

planar PCBS Thus four separate TEQ values were used to assess d1ox1n—lrke potency 1n the bald
eagle egg samples e :

Resrdue values for each egg were adJusted for morsture and llpld loss usmg volume L -
measurements Volume was cstimated using the mean of the whole égg volume and the’ egg

. content volume calculated from. length and breadth measurements (Strckel etal. 1973). -

Contanunant concentratlons were assigned a value of one-half the detectron or quantrﬁcatton
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 1g/g fresh weight for organochlonne pest1crdes and pg/g fresh werght for’
PCHs unless otherw15e noted el SO P v
Producttvtg; N T ' o R

+Bald eagles nestlng along the lower Columbla RIVBI' occupred 40 nestmg terrrtorres in 1994 and -

- "41in 1995, and produced 0 70 and 0. 54 young/occupled terrrtory, resPectrvely Annual ‘
productmty was 23%’ lower m 1995 compared to 1994 -Annual productrvrnes were very ‘similar
-on the Oregon and Washmgton sides of the river in 1994 and in 1995 (Table 1). However,
~annual product1v1t1es were lower by 18% in Oregon and 34% in Washmgton in 1995 compared

“fo 1994 (Table 1. Productmty of the lower Columbla River eagles: was very low in 1995 and at -

least ten unchmbed nest sites were abandoned at some point. after 1mt1at10n of 1ncubat10n

Annual productmty of eagles nestmg along the nver was lower than statew1de values by 23 to

28% m 1994 and 37 to 44% in 1995 (Table 1) AR :
Table 1 Mean annual bald eagle productrvrty (young/occupled temtory) wrthm the lower
Columbra River and statewide productmty in Oregon and Washington i in 1994 and 1995
Statewrde values_mclude,productrwty values from the lower Columbra Rtver 7' S

1994 071 076. 070 -C - 40 1097 091 ..o 767 -
1995 058 050° 054 . - 41 - 096 o‘.ss'c" . 584

- “'I’otal occupied territories in the lower Columbia River.

" “Total occupied territories in Washington and Oregon. Values for Washmgton are estimates and are hot based on complete
counts (Issacs and Anthony 1995, Washington Department of Fisheries and thdllfe unpubl annual census reports)
¢ Value may | be underestimated due to mcomplete SUFVEY. ‘

Five-year average productivity for bald eagles nesting in the lower Columbia River was 0.73
young/occupled territory during the five-year period ending in 1994 and 0.70 young/occupied

" territory for the five-year penod endmg in 1995, The five-year average productivity values

PIRT A



- endmg in 1993 1994 and 1995 were htgher than durlng any previous ﬁve-year tlme penod
(Figure 2). StateWJde ﬁve-year average productivity in Oregon was 0.95 and 0.96" -
+ young/occupied territory for the periods ending in 1994 and 1995, respectively.. Washmgton
statewide five-year average productivities were 0.96 and 0.91 young/occupted territory for T -
.periods ending in'1994 and 1995, respectively. In Oregon, bald eagles occupled 230 temtones in” L A
.. 1994 and 245 temtoncs in 1995 In Washmgton the number of territories was estxmated at 537 - g

in 1994 and 339 in 1995, ‘ : »

Egg Collectton :

Bald cagle 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 temtory, and five ~ - ©
addled eggs from three territories. Sevén of these territories were in Washmgton and five were in_
"Oregon. Addled eges from the' same clutch (sister eggs) were collected from two territories. The

broken egg was eéxcluded from caleulations of mean restdue concentratlons because fresh we1ght -
__reSIdue concentratlons could not be determmed S S LT
In 1995 elght fresh and three addled eggs were collected from nests in 11 terntones Eggs were -
. -obtained from four territories in 1995 which were also sampled in 1994. Six eggs were collected T
from territories on the Oregon side of the river and five eggs were collected from the Washington_ Y
.side. Eggshell fragments were obtained from three of these territories and at one addlttonal C _ :“ -
temtory where no ¢ggs were prev1ously collected s S e el
Organochlorme Pesticide (md Mercury Res:dues . T ; -
Residues of 12 organochlorine pesticides or metabolies and mercury were detected in one or
" more of the eagle ¢ eggs « ‘collected in 1994 (Table 2). Concentratlons of most’ organochlonnes
except p,p'-DDE and total PCBs, were <1 pg/g and considered, on an individual basis, 1o be e :
below levels that would impair reproduction (Wiemeyer et al. 1993); Mean p,p —DDE and total AT e
- PCBsin the €ggs were 6 34 ,ug/g and 6.15 pg/g, respectively (Table 2). Mercury was, detected m‘ o

,,,,,,,,,

PCBs were hlghest in one egg collected from a temtory near the, mouth of the nver

Organochlorme remdues in the smgle broken egg collected from one temtory were represented as '
lipid weight because msufflclent volume remained in the egg to determine fresh Welght “The - -
* lipid weight concentrations of p,p'-DDE, p,p -DDD, and total PCBs in the broken egg were 152, -
" 8.2, and 133 pg/g, respectively. These concentrations were very similar to lipid weight LN
concentrations for p,p’-DDE (% = 154 ng/g), p,p’-DDD (% =9.06 ug/g), and total PCBs (% = 138
1g/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 ¢oncentrations 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 contnbuted to the egg breakmg durmg incubation.
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'A Table 2 Eggshell measurements and concentrauons (;.tg/ frd ﬂesh we1ght) of select

contarnmants in 14 bald: eagle eggs collected from nests in 11 territories along the

*lower Colimbia River in 1994, Residue concentratlons were averaged when multrple .
- eggs were collected from the same nest ECER

-Eggskell Thzckness tmd Breedmg Success ) ' I TS
With the exception of one egg, all bald eagle eggshells collected along the Iower Columb1a Rwer -

Eggshell Thickness (mm) 0.543 + 0.040° " 0.454-0.682
% Change ' ‘ - -1146.6° -25-+12
p,p’-DDT . . 0.03 £ 0.14 0.02-0.06
- p,p’-DDE 6.84+2.36  3.47-12. 6A L
p,p'-DDD: 0.41+0.10 10.22-0.60
dieldrin . 0.05£0.027 7 0.02- 007‘,_ ST A
hexachlorobenzene 0,02+ 0.01 0 01 -0. 04'4'_' R l ]
oxychlordane - - - - 0024001 001004 - T
' 'ftrans-nonachlor 3 LT 0.17::*:_(_).0‘4 0.09:0.24
endfin- - . - . U0 NG
. heptachlor epox1de Lo - NCT
-. alpha chlordane L Ce NG Y
- betaBHC - ,.-"- T (T
" total PCBs - ..o © 6.15£2.28 - 343 175
. mercury 0. 22 1:|: 0.43 0 167 0 292

* Combined sample size of 29 eggshe]ls or fragrnents collected in 1994 and 1995. S et e
® Change in mean eggshell thickness below value determined for bald eagle eggs ccllected prror to 1947
“Not calculated  Only one sample was above detection limits, P
S ' Not detected Mmlmum level of detecnon at 0.01 pg/g for organochlorme pestlcldes and mercury, 0 09 _uglg fcr PCBs

in 1994 and 1995 exhibited some degree of eggshell thinning. Eggshells were up to 25% pcrcent
thinner (% = -11%) than the mean of eggs collected prior to the use of DDT (Table 2).. Eggshell :
thinning >15-20% over.a penod of years is associated with poor reproductwe successanda-. ~7- -

.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 thése territories ranged -
from 0 to 0.93 young/breedmg attempt. One eggshell was 12% thicker than the pre-DDT
average and was collected at the same territory where shells of normal thlckness 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 from this analysis

. because an egg was collected in the only year (1995) the pair nested. Breeding success was qu1te




vanable and some nestmg palrs w1th a hlstory of relatwely h:gh breedmg success also produced
thm-shelled eggs ’ : : ,

| -
H .

Concentmtzans of PCDDs aml PCDFS ] oo :
D10x1n and fufan residues were fairly consistent in the bald eagle eggs sampled from nests anng
. the lower Columbla Rlver Al egg samples contamed PCDD and PCDF residues (Table 3), -

although the 1,2,4,7,8-PCDD and the 1,2,3,7,8,9-PCDF congeners were only present at or below k

‘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 sampledtoa -

high of 38 pg/g in an egg from a nest at the mouth of the river.' TCDF averaged 21.1 pg/g and .

ranged from 6.90 t0 40.0 pg/g. Other elevated congeners mcluded 1,2, 3 7, S-PCDD i, 2 3,6,7, 8- -

R HCDD and23478PCDF(Table3) T

~ The overall dloxm-llke potency of the planar PCH congeners in eagle eggs was summarmed

' using TEQs. As descnbed in the Methods section of this repott, TEQs were determined using I-
- TEFs (based on toxmty of plariar PCHs to mammals; Table 3; Ahlborg et all. 1992) or C-TEFs
(based on tox1clty of planar PCHs to chickens; Table 3; Bosveld et al., 1995). The méan TEQ _

concentrations calculated using only I~TEFS for PCDD and PCDE was 40.2 pg/g (I-TEQ) and 68 .

pg/g (C—TEQ, Table 4, respecnvely 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 decreasmg order of i 1rnportance (Table 3). The majority of the C-TEQ potency was _
. due to TCDD (40%) followed by TCDF, 1,2,3,7,8-PCDD, 2,3,4,7, 8-PCDF, and 1,2,3,6,7,8- - -

HCDF . TCDF.contributed more dioxin-like potency (28%) in the C-T EQ calcula‘non than in the

-TEQ value where the contnbunon was <6%.

Concentratwns of non ortlw— and mono orth o-substttuted PCBs .

" Planar PCB re31dues were elevated in all egg tissue from bald eagles. “The most elevated non : s

' ortho—substxtutecl PCBs were PCB 77 and 126, and the most elevated mono ortho subsntuted

. estabhshed for PCDD, PCDFs, and the planar PCBs were 637 pg/g and 301 pg/g, respectlvely .

(Table 4). PCB 118 contnbuted the most dioxin-like toxicity (33%) of the average I-TEQ value,
followed by PCB 126, PCB 105, PCB 156, and TCDD. PCB 126 contributed the most dioxin-
like toxmty (54%) of the average C- TEQ value, followed by PCB 77, TCDD, TCDF, and
12378PCDD ’ S . .

-

H4IIE Rat Hepatoma Cell Bzoassay

Bald eagle eggs exhibited TCDD-EQ, as oer1ved from the H4IIE 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 1 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.
1991b; 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



N

Table 3 _Coficentration (pg/g fresh’ welght) of planar chlorinated hydrocarbons '1n DA
14 bald eagie eggs collected from nests in 11 territories anng the lower Columbra Lo
7. Riveri in 1994, and mammahan based toxic equrvalency fectors (I—TEFS) and avian o
based toxic equrvalency factors (C-TEFs) Multlple eggs collected from the same -

nest were averaged to represent one egg from the nest L

Non ortho-chlormated Blphenyls .':' :
3, 4 4, 5-Tetra (81)d
T 3 3 A, 4'-Tetra n
3, 34,47, S—Penta (126)
3,3"4, 4' 5,5'-Hexa (169)
Mono ortho-chlorinated Biphenyls

PCB 123 L

PCB 118" .
PCB 114

PCB 105

PCB 167
PCB 156 .

'PCB 157
PCB 189

Drbenzodloxms
2 3,7, 8-Tetrachloro '_
“1,2,3,7.8- Pentach[oro_“"i SR
1 ,2 4 ,7.8 Pentachtoro' T

" 1,2,3,47,8-Hexachloro - '}

T, 3,6,7,8- Hexachloro -
f.,~1,2 3, 7 8, 9 Hexachtom

3 7 8-Tetrachloro
1 2 3 7 8 Pentachloro
2 34, 7 8-Pentachloro
:1,2,3,4,7,sfﬂéi£éh1br6
1, 2 3 6, 7, S-Hexachloro REN

fl 2 3 7.8, 9 Hexachloro"' L
; ':2 3, 4 6 7 8 Hexachloro Do

: 21 2 34, 6.7,8- Heptachloro ‘
. “'"_"T.f— 1, 2 ,3 4 7 8 9-Heptach]oro = -

- 276587

122+ 347 - 870210
©.0.124 0.03 - ND=030
103 0.62 NQ@-2.40"
N 787E 278 0 440-13.0"
057 0537 I NQR0

137:I: 0.78

103:1: 385

'20.0-38. 0

,";‘"690’-46'0 ;
' . 0.502.00"

3,840-16,200

Sl Neduo
" .:3.80-16.0 _j

'. | . 4

st 12e
NN
01 005
S0 ;.'0.01‘.
SO R IR N U
£ 0.01 1'_”0.001'--

‘o0t :-:"-'.NA:

00K 055 T NQ2I0Y 0
e p.'iqi“o.OZ TND-0.150 . o1
U205 113 0. 0.90-490 7 - ‘00
F270%T4Q * - C0.90-650 T - 0.01°
0.77+70.67 - NQ—2 10 " 001
2784 117 ,.'»51*63._-5 90 0.001
3584659 - .- 253490 © :NA - -,
2675+596 - . 2040-3810 - 001 - 002
1624450 11072620 .01 0l
- 157&722 845325 005 0001
"L 7750 %3450  ND-13,100 N}t " NA
527,000 £ 136,000 345 000-859,000. 0.0004 0.000004
12,00042,880 . 7,590-16200  NA - NA
152,000 + 38,600 96,100-230,000 0.001 - 0.
66,600+28,700  30,900-136,000 NA _ 0.000003
75,600 28,800  37,800-146,000 0.0004 0
20,400+ 7,400 - 11,600-38,100  0.0003 0
7,780 £3 310 NA  NA

{‘-'.:,jo.,l 3 09 .
S0 0.05) _'-=',03 .
esiEU A

b

*Not detected. Detection limits ranged from 0.2 to 0.3 pg/g

® Toxic Equivalency Factor not available.

¢ Not quantified. Quantification Hmits ranged from 0.2 to 0.8 pg/g.

 Number in parentheses is based on Intematlonal Union of Pure and Applied Chemlsts congener number {Ballschmiter

and Zell 1980).

P



Table 4. Mean total 2 3 7,8- tetrachlorodlhenzo-p dloxm foxic equwalents (TEQS, pg/g fresh
We1ght) in 14 bald eagle eggs collgcted from 11 nests along the Iower Columbla Rlver in 1994

40.2 £ 8.49

I-TEQ (PCDD/F)* . 32.2-57.5
'C-TEQ (PCDD/FY. =~ '688%169 . .  463-102
T-TEQ (PCHY . 637159 - 439-1012 -
C-TEQ (PCH)® - _ 301700 ' 224:457
TCDD-EQ (H4IIE Bioassay)® . . 7278 o 16=278

*TEQ calculated using only TEF values for PCDD and PCDF (Ahiborg et al. 1992, Bosveld et al.-1995). -

® TEQ caleulated using TEF values for PCDD, PCDF, and planar PCBs (Ahlborg et al. 1992, Bosveld et al. 1995)

¢ TCDD Eqmvalents determmed by the HAIIE rat hepatoma bioassay (Tlllrtt et al. 1991a) -

. halogenated compounds to cause early life stage toxicity in bald eagles is unknown at thls time P
Further assessment of TCDD EQs in eagle eggs will be provrded followmg analys1s of eggs T

collected in 1995

'y - ¥
- Contamman ts in Prey Items f

Organochlorine pesticide, total PCB, and mercury res1dues found in two prey 1tems (s’tarry

flounder and common carp) collected from two bald eagle nest sites were near or below detection
limits. The carp sample contained 0.23 ug/g wet weight total PCBs and 0.12 vgle wet werght _
p,p'-DDE, whereas the re31dues of these two contammants in the starry ﬂounder were below Lo

' detectron hmrts

TCDD and TCDF were the only droxm and ﬁlran congeners detected in the prey 1tems and the
.carp sample contained nearly double the values for these two congeners as did the ﬂounder -
sample (see Appendix 1) The: non—ortho PCBs 81,77, and 126 were cletected in the carp sampIe

.....

congeners in the carp sample was 323 pe/g wet werght The mono- -ortho PCBs 105 and 118 ;Nere _'l L
" detected in the carp sample at 4 and 12.3 pg/g wet weight, respectively, and at 4 and 0.9 pglg wet |
welght in the flounder, respectively. Other mono-ortho PCBs were below or near quantlﬁcauon ,

limits. -

DISCUSSION

Asa general trend, the mean p,p’-DDD, p,p’-DDE, total PCBs, and hexachiorobenzene 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



*Table 5. Contammant concentranons and eggshell measurements in bald eagle eggs ﬁom the e e
lower Columbia River, and contammant values associated with 1mpacts in-various av1an -
. specles All concentratlons are based on fresh or wet we1ght egg values

o= . . Lo B - . ! . . AT R,

% Eggshell Change® .~ - 11~ >15-20 - Baldeagle = °.Andersonand ankey1972 DA
' : T ‘ 10 Bald eagle Wlemeyer et al 1993
Pp-DDE(ug/g) 0 684" .36  Baldeaglg . \:ylf,.me),eret " 1993 S

total PCBS (ugfg) ¢ 615 40°  Bald cagle _WLemeyer ctall 1984
I S - 6.0 -Bald eagle . . - 'Kublak and Best 1991

- ‘mercury (uglg) 0221 505 . -Bald eagﬁe} - ,Wiem.,yeretal 1993 )

23.78TCDD (pg/g) ~ .- 216 = . 10 -, Chicken - " Veirett 1970
- P R -5 (L Kestrel '; Glesy et al. 1995
‘ o © 7 -Bald edgle '._ - Glesy et al. 1995

_ LTEQ- PCDD/Fs (pg/g) . 402777 - 2050  Wood duck Whlte and: i 'ak 1994

-PCB 77 126, 169 (pg/g) 4456 o 5,5.()0g Forster’s tems - Kublak et al 1989
L. S . 2,070t Peregrme . Jarman et al 1993 }__:
s , ... falcon . LT '

. *3ee text for explanation of impacts. . w
" ®Change in mean eggshell thickness below vaiue determmed for bald eagle eggs collected pnor to 1947 }' ?i
€ Value an estimate of the no observable adversé effect concentration. :

¢ Estimate of threshold concentration for healthy productivity (Kubiak and Best 1991 as cu‘ed in GIGSY et al 1995)

*Hazard assessment derived values (pg TCDD-equivalenis’kg wet weight in eggs) represent the low obsewable adverse effect
concentration estimated for American kestrels.

f Hazard assessment derived values (pg TCDD- eqmva]enrs/kg wet weight in eggs) estimate the lowest observab]e adverse
effect concentratlon/no observable adverse effect concentration estimated for bald eagles.

EMedian concentration in eges of Forster’s terns exhibiting reproductive problems in Green Bay, Wlsconsm

"Geometnc mean concentration in eggs of peregrlne falcons exhibiting reproductlve prob!ems in California.

" nearly double the values typ1ca]1y associated with reduced product1v1ty in baId eagles from’ other
areas (Table 5; Wiemeyer 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.
(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



the present study, p,p -DDE concentratlons and mean eggshell thnmmg (—l 1%) for eagles in thJS o
. area are s1mtlar to values for bald eagles in other areas exh1‘o1tmg 1mpa1red reproducnon and 2
- reduced five~year productmty averages (Wlemeyer et al. 1993) :

..)

Mean mercury remdues were Slmllal' to the mean conceniration (0 20 ,ug/g) of mercury foundin

13 bald eagle eggs collected along 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 effects to the populatron 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
productlon (Table 5 Wlemeyer et al. 1984)

Flve-year average product1v1ty values for eagles nesting along the lower Colurnbla R1ver from
1993 to 1995 were higher than any prev1ous year, based on five-year productivity comparisons

’- . since 1984 (Issacs and Anthony 1995; Washmgton Department of Fisheries and Wildlife,

unpubl annual census reports) Usmg the equation Y=1.081 - 0.709 log;p X developed by

Wlemeyer et al. (1984) to predict ﬁve-year average product1v1ty (Y) with various levels of DDE N

‘contamination (X) we.would predict a five-year dverage productivity for eagles along the river .

L of 0.49 young/occupled temtory based on mean DDE values of 6.84 ug/g (Table 2). This

product1v1ty value is snmlar to historical five-year a‘verage productlwty for these birds but lower

.than’ averages since 1993 Smce 1990, 19 new temtones weré established along the river, and .-
six of these temtones were estabhshed during the past | two years. The recent increase in five-

.. year produchvrty averages reﬂects the higher ‘oreedlng success observed from newly estabhshed N - ,
© pairs along the river. These pairs may not have accumulated DDE or other organochlormes to ..
_the extent of older  pairs along the river. The high breedmg success of the newly established pa1rs _

- ‘may | have mﬂuenced the relatlonshrp between breeding success and percent eggshell thmmng »
Addltxonal 1nformat10n will be available following analysis of eggs collected in 1995 regardlng
DDE concentrations in more recently estabhshed palrs along the nver

............
K

Currently, no studles hav’e evaluated the dose-response relatronslnp of TCDD in bald eagle eggs o

.- In expenmental studres chicken embryos exhibited mortality, edema, and teratogenic effects
with egg injections of TCDD of 10 pg/g (Table 5; Verrett 1970). Mortality and reduced egg -
productmn and hatchability were observed in adult female pheasants (Phasmnus colchzcus)

- injected with 1 ng/g 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 (drdea herodias)

reproduction was unsuccessful with mean TCDD concentrations in eggs of 252 pg/g, but
 reproduction was normal when mean concentrations in eggs were 92 pg/g (Elliot et al. 1988).
Eggs collected from Forster’s tern (Sterna forsteri) 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 th_e lowest
observable adverse effect level (LOAEL) or no observable adverse effect level (NOAEL) for
TCDD-EQs in eggs ranging from 6 to ,1 0 pg/g for American kestels (Falco sparverius) and at 7

15
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pg/ g for baId eagles (Tablel 3). Mean' TCDD concentratlons in the 14 bald eagle eggs in our

study greatly exceeded the LOABL/N OAEL in thrs hazard assessment 1nd1catmg dioxins are”
contrrbutmg to the reduced reproductrve success observed in bald eagles nestlng along the lower
n’ver e o+ “ g B . - B e . [P

The mean I—TEQ (PCDD/F) concentrat1on in eggs of bald eagles along the study area were .
snmlar to I-TEQ concentratrons ineggs of other avian specres expenencmg reproduct1ve
problems In California, the geometnc mean concentratlon (17 pg/g wet weight) found in eggs -

. of peregrme falcons (Falco peregrmus) experiencing reproductive problems was lower than the

- I-TEQ in eggs ‘from eagles along the lower Columbia River (Jarman et al. 1993).  White and
-Seginak (1994) found impaired pesting and hatching success and reduced duckling productlon in:
_-wood ducks (4ix sponsa) when geometric mean TEQs were in the range of >20-50 pglg. The .
wood ducks were nestmg near a Superfund site highly contannnated with droxms and furans. The
authors also reported subcutaneous edera of the head and neck’ and lower bill deform1t1es in: -
some duckhngs at the study 51te TCDD contrlbuted 70% of the TEQ values in t.be wood duck

terns appeared to be assocrated w1th contanunants, especlally the non—ortho and mono- ortho
PCBs ; 5.larman et al (1 993) suspected DDE and non—ortho PCBs Jwere the most lmportant

,'.Total m an'concentratlon (4456 pg/g, range 3355-6255 pg/g) of three non—ortho PCBs (PCl-Zl )
77, 126 and 169) in bald eagle epgs collected along the river was sllghtly lower than the medlan oo
-total (5 500 pg/g wet we1ght range = 1 370 41,000 pg/g wet we1ght) of these thiee ¢ congeners R

found in Forster s terns in Green Bay (Kublak etal. 1989), and niore than double the geometrlc
“'mean (2 070 pg/g wet welght range 260 to 6120 pg/g) found in peregrine falcon eggs in%
Cahforma (Table 5; Jarman et al. 1993) PCB congeners 126 and 105 accounted for more than
*90% of the estlmated TEQ in eggs froni Green Bay (Kublak et al. 1989) Tn Cahforma PCB 126 :
- accounted for 83% of the total TEQs in falcon eggs, although mono-ortho’ PCBs were not ™

‘ S _- mcluded m the analys1s (Jarman et al. 1993). In eggs collected along the lower Columbla River, o

~.PCB 118, 126 and 105 accounted for the maj orlty of the est:mated TEQ average Coinparisons

- of TEQ concentratlons and how they teflect toxicity in eagle embryos wrll be better d1scerned

followmg analysw of eagle eggs collected in 1995

Resrdues of organochlonne pest1c1des and total PCBs in prey jtem samples were s1m1lar to

 values obtaified from various fish species collected from 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 (27/0.5) for TCDD and 57 £6.8/0.12) for



,l

p.p’-DDE. The BMF for TCDD was slightly greater and for DDE somewhat Iower than the ;. ; : L
_respectrve BMFs calculated from prey to herring gull egg at Lake Ontario (Braune and Norstrom ;
1988). Relationships between residues in eagle eggs and fish prey wrll be further exammed after

- completlon of the 1995 egg anaiyses - . -

: SUMMARY '

The relatlonshlps between organochlonne compounds and reproductlon of bald eagles nestlng
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 assoclated with

limited productivity. Eagles are also bioaccumulating PCDD, PCDF, and PCB congenets. .‘Z-'.‘ L
TCDD in lower Columbia River bald eagle eggs exceeded estimated LOAEL/N OAEL Values PR
. indicating dioxins and related compounds are contributing to'the reduced reproductlve success e
© . Additional information provided from the 1995 field season will be useful in further eIuc1datmg . '_‘::;.‘ S
- relationships between toxins and reproductive effects. The final report in 1996 will provrde a vl B
comparison to organochlonne concentrations over time and relate them to eggshell thinning and - .~ + .\ _
- breeding success, as well as prov1de eompansons to previous studles conducted anng the lower R (e
* Columbia River, > ‘ N G PR
PROJECT STATUS .' R - 'v SR e o :
Field work, product1v1ty surveys and egg collection have been compIeted for the second year of -‘.. ;
the bald eagle study. - Productivity analyses and egg collection for 1995 has’ been summanzed in:
the Methods section of this report. Bald eagle eggs obtained in 1995 were sent to, ‘the M:ldwest |
Science Center in August for residue analyses and for the HAITE bioassay.. Analytrcal chemlstry
results are expected to be received in the Spring of 1996. Dependent on completlon of the” ‘
- residue analyses for the 1995 field season, we antlerpate completlon of the ﬁnal report evaluatmg
* productivity, eggshell thlckness egg res1due concentratlons, and b1oassay results in’ Fall 1996
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Append1x 1. Concentrations (pg/g fresh weight) of 2 3,7,8« substltuted polychlonnated dibenzo-p-doxins and dlbenzofurans in bald
“eagle eggs and prey 1tems from the lower Columbla Rlver, and quahty assurance samples.

f

B Ba.ldEagIeEgg - E .
271 . 606 Cou e 300 - ‘. 137 137 RS U R
Contaminant CRRIBEOS - CRFIBEG6 CRCIBEG2 CRWABE0O7 . CRWABE07- CRTIBE02 ' . CRWIBEl4 -
DIOXINS . IR 3 , ' N
2,3,7,8-Tetrachloro 20 24 D2 Rk R .30 24, 0 :
1,2,3,7,8-Pentachloro 1 Y 0. B R 87 . 99
1,2,4,7,8-Pentachloro . 02 NQ ., 02 ND 02 NB' W 0.2 02 ND 02 ND '
12,3,4,7,8-Hexachloro | 24 05 " 08 NQ 09 09 07.NQ -/
1,2,3,6,7,8-Hexachloro , 13 -+ 6.9 . 55 It 12 44 .
1,23,7,8,9-Hexachloro 2 0.5 NQ - 0.5 NQ 0.9 09 04 NQ
12,3,4,6,7,8-Heptachloro 3.1 2 NQ- 09 2. 2 2
Octachtoro 16 33 15 S e 89 - 1t
FURANS  * ) ‘ s
2,3,7.8-Tetrachloro 16 69 17 13° 13 ; 93 |
1,2,3,7.8-Pentachloro 05 09, 08 01 0.7
2,3,4,7,8-Pentachloro 58 « 3.9 . 52 6.5 - 62 42
1,2,3,4,7,8-Hexachloro 0.8 . 04 NQ 05 . - 0.6 0.7 0.6 NQ -
1,2,3,6,7,8-Hexachloro 0.8 0.6 NQ 0.8 0.9 - 09 .09
1,2,3,7,8,9-Hexachloro 0.2 ND 02 ND 02 ND 02 0.2 ND 0.2 ND.
2,3,4,6,7,8-Hexachloro 1 1 21 . 2 2.1 2
1,2,3,4,6,7,8-Heptachloro 2 ER 21 2 - s 2.4
1,2,3,4,7,8,9-Heptachloro 04 - 04 NQ 207 04 0.7 0.5 NQ
QOctachloro - . 27 2 29 2 T -21 30
ND Not Detected at Specified Detection Limit ) . : o . i \ .
tration due to Ir Ten Ratio -~ .

NQ Not Quantitated at Specified Average Cc




Appendix 1. Continued, ’ - P . I S
. ,) N * : N ,
Bald Eagle Egg - . S SR
308 . 248 . 130 ) 565 : : 304 - -
Contaminant CRWIBE1S CRICBE03 CRBSBE11] CRGPBE(4 CRBEGP12 CRBEGP13 CRCPFBE1) .
DIOXINS . . ] : . . AU
2,3,7,8-Tetrachloro 21 . 30 ~ 37 22 21 ’ 28 : - 28 S a '
123,78 Pentachloro 94" : T 14 ‘ 99 95 1 13 i
1,2,4,7,8-Pentachloro 02 ND - 02ND - 02 ND 02 ND 02 ND 0.3 ) 05.NQ.
1,2,3,4,7,8-Hexachloro © 09 K 09 N 2 . 07 0.9 09 - T I
1,2,3,6,7,8-Hexachloro . 60 61 . 84 57 62 77 . 72 .
1,2,3,7,8,9-Hexachloro 03 NQ N 0.6 0.6 ,» 04 NQ 04 .05 NQ 0.5 NQ
1,2,3,4,6,7,8-Heptachlero - 0.3 ) 0.9 - A 0.7 NQ 0.8 ’ 09 . 0.9
Qctachloro 1.6 11 11 33 5.5 ' 71 ' BRC I . .
FURANS . : ) v .
2,3,7,8-Tetrachloro : 21 ' 40 . 16 31 .- 28 : 35 .3 )
1,2.3,7,8-Pentachlore 0.9 ' .2 - T - 09 09 09 .09 e
-2,3,4,7,8-Pentachlore ) 4.9 N 7.1 47, - 46 57 - 16 . - E
1,2,3,4,7,8-Hexachloro osNQ T 09, . . 2 T 06 , 05 ’ 05 . Y
123,678 Hexachloro 08’ 0y 21 06 05 0 09 T T oo
1,2.3,7,8,9-Hexachloro 02ND . 02 NQ + 02 ND 02 ND 02 ND 0.2. ND - 02'ND -, . ;
2,3,4,6,7,8-Héxachloso 2 .29 St 49 0 S 09 B 0 o2 o s
1,2,3,4,6,7,8-Heptachloro S22 3. 65 . 09 e Cee 23 e
1,2,3,4,7,8,9-Heptachloro, - 09 NQ - - .09 ] 21 . 03 NQ. - 0.4 : 05 o 08NQ .- T
Oetzchloro T as T e e e L e 2 e g
ND Not Detected at Spcjciﬁed Deteetion Limit. - ~.. = ° : " ’ T ' . : .
NQ Not Quantitated at Specified Average Concentration due to Inaccurate fon Ratio - : .




Appendix 1. ‘Cont’inuedk-;

.

S : L Prey Items - : TR
S (145 - S Common Carp - Starry Flounder .-
Contaminant CRCUBEIO- "~ . .. CRECBEO5 = ' ' ... _CRRICCOI - CRRICCOL - CRMSSFOL ~ "
DIOXINS ] - s Co W .. L e
2,3,7,8-Tetrachloro 297 - 380 sl e 06,
1,2,3,7,8-Pentachloro IR+ L © 02 WD 02 ND -
1.2,4,7,8-Pentachloro - - 02ND 02 ND - 02 ND ‘02 ND )
1,2,3,4,7.8-Hexachloro - 09 T 02D 02 ND
1,2,3,6,7,8-Hexachloro 12 ) 11 P _ 02 ND” .02 ND
1,2,3,7,8,9-Hexdchloro 0.8 NQ . 06 - . 02 ND 0.2 ND -
1,2,3,4,6,7,8-Heptachloro 09 08, a ©L02ND | 0.8 NQ’ .
Octachloro 13 - A1 1 NQ ‘o NQ
2.3,7,8-Temachloro © 30 31 50 4.8
1,2.3,7,8-Pentachloro .09 . 09, . “0:2 ND, 02 ND 3
2,3.4,7,8-Pentachioro - 76 8.7 0.2 NQ 02 ND
1.2,3,4,7,8-Hexachloro 08 09’ "o2'ND 02 ND ;
1,2,3,6,7,8-Hexachloro - ‘0.9 2. 0.2 ND 02 ND .
1,2,3,7,8,9-Hexachloro 0.2 ND 02 NQ 02 ND- 02 ND 02-ND -
2,3,4,6,7,8-Hexachloro a6 ; 20 " 0.2 ND' 02 ND 02°ND _ - |
1,2.3,4,6,7,8Heptachloro 25" 29" 02 ND’ 02 ND 02 ND -, :
1,2,3,4,7,8,9-Heptachloro 0 2 "0.2 ND 02 ND P 02 ND i
Octachloro L23 25 0.7 NQ " 02 ND ‘ 1:NQ T
ND Not Detected at Specified Detection Limit . .
NG Not Quantitated at Specified Average Concentration due to Inaccurats Ton ' . - ;
Ratio L . . .




B ‘ ST S ] Lo =Quz;iityAssuranceSa;|1pl;:s
) Procedural Blank | © *. - Procedural Blank2--~ '« Chicken Egg Blank 1 - - Chicken Egg Blank 2
" 23,7 8 Tetrachloro - , S oCeoaND - s T2NDCe . oaamDt 0.1 ND

-12,3,7,8-Pentachlor - S amn L w0 . e 02 ND
* 1,2,4,7,8-Pentachloro B Looo2Np ) - T . 2wD Y - o2 ND ) . 0.2 ND

Y L,23478-Hexachloro SooToamNn s TTawn s W 2w 02 ND
-1,2,3,6,7,8-Hexachloro  * . T2 ND e - T sz NDe oo L 02-ND ' - 02 ND
" . 1,2,3,7,8,9-Hexachloro o 2 ND n . 2ND - - T o2 WD ‘ 02 ND

" 1,2,3,4,6,7,8-Heptachloro - s T, s T aw . .03’ S 0,
.| Ottachloro, * R B L 6 T T es ’ © 80

© 2378 Temacklor0 . - - 27 2 - 2N 0.1 "ol ND

_ N 02ND 02 ND
ND : “2ND - ., 02D 02 ND

.« 1,2,3,7.8-Pentachloro
2,3,4,7,8-Pentachloro

o
8
»N

- oo : 1,2,3,4,7,8-Hexachloro . © 2D 2 ND . 02 ND < " 02 ND
SRR e © 1,2,3,6,7,8-Hexachloro T "2 ND, 2 ND e S 02 ND ; 02 ND
B . 1,2,3,7,8,9-Hexachloro o 2 ND, 28D T 0 02 ND : . 02ND
: " 2,3,4,6,7,8-Hexachloro - 2 ND. 2 ND C - 02 ND : 02 ND
1,23,4,6,7,8-Heptachiloro ) 65 . 2ND 0 - £ 02 ND -~ . 02 ND

[ 8

1,2:3,4,7,8,9-Heptachloro ND . 2ND T 02D " 02 ND

w7t Octachloro IR © o3 - S Y ) » 06 NQ

e - ND Not Detected at Specified Detection Limit ) . ;
) NQ Not Quantitated at Specified Average Concentration due to Inaccurate Ion Ratio !
_\' M . , ) ) . ~ _.“' N "




Appendix 1. Continued. : R

. o - o B . L QuahtyAssuranceSamples

Contaminant ) : ) ot . Chicken Egg Spike' 1 - Chlcken Egg Spike 2 . ' SAGINAW CARP#1
——

DIQXINS ; L L e el Sl , .
2,3,7,8- Tetrachloro B L B X . o 21 -
1,2,3,7,8-Pentdchloro

1,2,4,7,8-Pentachloro : N .

98 . o . % 02 ND

1,2,3,4,7,8-Hexacﬂloro . CLoes . - ( cer e 44
1,2,3,6,7,8-Hexachloro ) C 82 R 94 - - .. . Rt
1,2,3,7,89-Hexachloro o 84 - . 0 e - L 2

1,2,3,4,6,7,8 Heptachloro oL es LT e R
Octachloro ' 61 - .- T osme S I3

FURANS o ' - T ‘
: 2,3,7,8-Tetrackloro =~ | 8.4 LT 93 . . 32

1,2,3,7,8-Pentachloro- o eze T Les . <ozl
" 2,3,4,7,8-Pentachloro 10 o Ll e T o L 34

- 12,3478-Hexachlore . | - 10- S [/ I A 10
1,2,3,6,7,8-Hexachloro .96 - ‘067 R 60
1,2,3,7,8,9-Hexachloro ST 98 . . o St o 0.2 ND
234678 Hexachlors o100 e T T 58

1,2.3,4,6,7,8-Heptachlora T R T T
1,23,4,7,89-Heptachlores + -~ 85 . . B 89 . o ) . 02 ND.

Octach!om .47 - T "2.1.

ND Not Detected at Spcaf fed Detccnon Limit -~ »

NQ Not Quantitated at Specificd Averagc Concentratxon due to Inaccuratc fon lfano )




) S'ubmittclriv .

' 344.5:TCB

, Sample ﬁ'escrip;i'on': (nest/pray;
Congenér 81 -

Number: ~ Fresh Wgt: factor’ Conténts/Vol.):

EnglcEggs ; L. C e

CRICBE(3 ‘

© CRBSBEI1 © 136258, (090) -

CRGPE(4 '565,25g,(090) . -

CRBEGPIZ 565,255,088 .

"CRBEGPL3 565,25 2, (0.87)

CRCPBEIO  ~  304,25g,(0.95). . ‘_ . B - o

CRCPBEI0 * - 304, zSg,'(o9sj- _ Conel T gy

CRFCBEGS © 145, 258, (090) S ' )
PreyItems : . . -

CRRICCCQi Common Carp, 25g Rephcatcl :

CRRICCCO1 o 'Common Carp 25 -chhcatc 2

CRMSSFOL - Starry Flounder , 25 v

CRRIBEOS | 271,258, 08). - o
" CRCIBEGS - 300,258 | -
GRWABE&? - 137 25 g, (0 89)= chhcatc 1
CRWABEO7 '~ 137,258 (089) Rephcath »
CRTIBED2 " 610,25 g (0.93) ‘

CRWIBEH4 308,252, (0.82)
CRWIBELS " 308,255,(085)°

- a ' Procedural Internal Standards I native analyzes were not detected in'sample extract. -

b Procedural Internal Standard récoveries below QC Timit (<25%
¢ Tetalpgin blank samplc



: CT o e R I¢DDEQ 'f\: Stadard
. Samplc Nu ol Nesting 'I‘erritory Lo S (pglg) Dewauon )
Bald EagleEgg ' - TR PR AT U
S CRMFBE01;_"-‘784? Co o 1 o T
IR © - 'CRTIBEO2 . 610 .- - - o..o39.. " 337
. U CRTBER2 610 - T 80, V. 520
CCRTIBEO2'. - 610 <. = S5 18
' S - Bioassay Mean - : 65 ) -
" CRTIBEQ 610 . " S S
' AN . SampleMean = 60 . - ..
o CRJCBE(B S | TN X |
 CRGPBEM4 - 565 .~ . - o0 o8n " ol
. CRFCBEOS 145 R SRS T N X S
. CREIBEOS - ' 606 . SRS U I ¢ IURE AP
CRWABEO'i_':." 137 1000 76
“ CRRIBEO§ < 271 - S RS o S
CRCIBE®S ' 300 US4 a4
CRCIBEogzif‘f,a 300 P 7R R
CRCIBE09 -, 300 2570 e 50
'CRCIBE09 .~ - 300

-~

304
“130 7
: 565
_.CRBEGP13 565 -
CCRWIBEl4. ' 308 . = -
- CRWIiBE15 - 308 "5
PreyItems L oo
 CRRICCOI ' - Commomcarp * .: ..
’ :_CRRICCOi R Commdn carp’ o . N
| - L ‘SfampleMean - ) R S
| CRMSSFUI ' Starry flounder B T (5 R P

' CRCPBEIQ”

o]
th

: ‘Egg concentratmn glven as wet welght because egg volume conld not be estlmated - .
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Comments from Steven L Stockton U S Army Corps of Engmeers, Oet 4 1995

t K

| "Camment 1 ) Page 3 Paragraph 1 The two sentences “Vanous parts of the Columbla Rlver T
are: frequently dredged, and thése activities can resuspend and increase bioavailability of = ‘
contaminants such as PCBs and DDE {(Seelye et al. 1982). Steidl et al. (1991) suspected

“elevated contaminants in osprey (Pandion haliatits) eggs in Delaware Bay were due to '
dredgmg act1v1tles are mlsleadlng, in error, and dated and should be deleted

o {olumbla Rtver dredged matenal resuspended and 1ncreased the bloavallablhty of

e ) CBs and DDE. However, Seelye etal. (1992) did suggest that based on their results

- drec gmg could cause uptake of contaminants by fish. Speczﬁcally, the authors stated
“These results demonstrated not only the potential for uptake of contaminants by fishasa
result of dredgmg but also-the potential utility of fish bicassays in evaluating proposed -

. dredging operations.” The Sentences in the final interim report have been modiﬁed to
’mdlcate that dredgmg has the potential to increase bloavallablhty of contannnants -

. _Comment 3) Seelye conducted 3 experiments. Total DDT levels in the test sednnents are -
shown as 20 ppb for all 3 ¢éxperimental exposures. No significant differences in DDE
accumulation were noted in experiment 1 between controls and exposed hatchery or lake ﬁsh : 0
Seelye did report that in experiment 3, using aerated sediments, concentrations of DDE were
significantly higher in the exposed than in control fish. What is not mentioned in the text, but -




- tcontrols (expe im S
' :b1oava11ab1hty of DDE 1n ﬁsh exposed to dredged sedrments under the specrﬂed condltrons
= ’._fThe sentences in the final mtenm report on bald eagles have been revrsed to indicate that
- dredgrng has the potentral to merease uptake of some contamrnants '

-C Cammem‘ 4) PCBs (1248) concentratrons were 1350 ppb 1190 ppb and 950 ppb (dry werght)
7 int the 3 experlmental exposure sediments. 'I'hese values ‘are 2 orders of rnagmtude above the 3"
- "h1ts in the 77. sednnent samples collected and analyzed (532 separate analyses). dunng the Br-

State study of Columbla Rlver sedunents (85 ppb, 11 ppb, and 7.3 ppb). .In" expernnent 1]
"hatchery fish showed PCB uptake while lake fish showed a decrease, though not s1gn1ﬁcant
~from the control Expernnent 2 and 3 both show significant uptake after 10 days exposirein | <+
‘ ,the tanks In these expériments the contaminant, and exposure pathway are known, this'is not_- i: e

_ true for the field: First, the contaminant must be present. Frequently. dredged sedimentsinthe’ " .. "
E 'Columbla Rrver are clean sands lowin fines and organic material and do not contain detectable ' ‘

.31gmﬁcant dlfference in contammatron levels and exposure pathways

: concentratrons 1n the exposed ﬁsh were less than the control and srmllar to preexposure ﬁsh

¥,

Therefore Seelye does not show 1ncreased bioavailability of DDE gven dunng prolonged R
laboratory exposure as stated Extrapolatron to dredging activities on the. Colurnbra szer and '

: =DDE uptake by ﬁsh hence to eagles based upon Seelye et al 1982, is poor smence 1f not S o

’ 'Response 3) Seelye et al; (1982) zndrcated in experrment 3 that concentratlons of PCB DDE

and some metals were srgmﬁcantly higher in fish exposed to aerated dredged sedimetits than

- control ﬁsh .The preexposure, hatchery-ralsed fish did not have significantly hrgher DDE B - RIS
. "levels than the control ﬁsh (P—O 700; Table V11, Seelye et al. 1982) ‘and drfferences were not b

& ."_“-tested between the preexposure and the exposed fish. The authors drd provrde a plaus1ble
. explanatron for the tendency towards hrgher méan values in the} preexposure ﬁsh compared 10"

: ,control,and exposed fish, The authors stated “We believe these i increases ‘vere due a loss
of v eight by the eontrol ﬁsh that resulted from our w1thholdmg of feed from both groups
(controls and exposed) durm the experlrnent 2 Therefore; the’ results 1ndlcate that fish did .oy
have enhanced uptake of DDE when exposed to aerated sedrments (experlment 3) even though S
the ﬁsh ; posed ( .nonaerated sedunents d1d not exhrblt hlgher concentratrons of DDE than

leveis of PCBs. Secondly, exposure to fish by actual dredging operations 1 would be measured AR
in minutes if not seconds as they 1nst1nct1vely avoid both the dredging and dlsposal operations. '
Again extrapolation of Seclye et al. 1982 to Columbia River dredging i is mappropnate due to

Response 4) The Obj eotlves of the Seelye et al. (1982) study were 1o determlne accumulatlon
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



* "dioxins is.occurring in fish bald eagles and other bll‘dS assoclated wrth the Columbla River
L ,from e Bonneville dam to the mouth. This data indicates contammants are present in the -

: "we he:heve the release and resuspensmn of contammants through dredgmg,“ is also a llkely -

: estuary asa possrble cause of Thigh concentration$ observed m osprey eggs In the Columbra

© or aye not contributing to the increased organochlorine burdens in the bald eagles The .
: dredgmg issue is only proposed as a possible hypothesis, and the prev1ous studles indicate that
the hypothes1s should be considered in management declsmns T

-Columbia River at concentratlons high enough 0 broaccumulate m fish and cause reproductrve

= unpacts to bald eagles ‘Exposure pathways of the contaminanis do need” to be further " .:' ) SRR
exammed dunng Columbia River dredgmg operations, although this does not preclude the R
results reported by Seelye et aI (1982) that dredglng has the potent1aI to mcrease ;‘-‘ »

bloaVallabllrty : : . ’

P

Frsh may avmd condrtrons created by dredging operations (e g, Iaboratory studres 1nd1catrng

' “smelt could avoid areas high in suspended solids; Wildish and Power 1985; Bull. Environ. -

Contam Toxicol. 34:770-774). However, fish could still be exposed to organochlonnes T
attached to suspended sedrment even 1f the suspended sednnent partrcles were present at low o
avordance behavror ’I‘heref’ore the scenarlo m the mtenm report mdrcatlng the potentlal exrsts
for fish to bloaccumulate contammants durmg or after dredgmg appears plausﬂ)le

;possr‘b]e'sources of contaminant found in Delaware Bay OSprey eggs. .Whlle Ste} dl does state""-"

h'we'been fevised to mclude the htgh orga:nochlonne concentratrons 1n sechment in the upper

River, the source of organochlorines is largely unknown, but the dafa show that fish'are
accutnulatlng organochlormes and that bald eagles have organochlorme residues hlgher than
elsewhere i in the Northwest. One plausible hypothesrs to explain this phenomena is that "
dredgmg operat10ns may be resuspendmg and increasing the availability of contammants
Data from Seelye et al. (1982) and ‘observations made by Steidl et al. (1991) support thls
hypothesrs and therefore are included in the text of the final interim bald eagle report. At thrs )
tlme, data are insufficient to determine whether dredging activities in the Columbia Rrver are ..




.' Response 2) ontarnmant relatlons ini eagle eggs and prey

" collected numerous mvertebrates, fish, and eggs of ﬁsh—eatmg blrds from the Columbla Rlver -

_of the Endangered Specres Act of 1973, as amended, both the U.S. Fish and erdhfe Serv1ce
~and the COE, as Federal agencres are obhgated to. utlhze therr authorrtres in furtherance of .
E the purposes of tIus Act by carrymg out programs for conservatlon of endangered spec1es and .

: .out (e g., habltat and human dlsturbance factors) s

relations in eagles and prey specres and detenrnne blomagmﬁcatlon factors in future reports. :

"exammatlon of microhabitat contammatlon within the foraglng range of mdlvrdual eagles _' -'-":- ot
primarily due to insufficient fundmg -However, eagles have been used as'an mdrcator speeres PR

_variability in eggs, although future 1nvest1gat10ns should focus on mlcroha‘oltat samphng 1f 7 o

s

-:, and dredged matenal drsposal in the lower Columbla Rwer RRERE

- ae -

' Response 6) The Servrce recogmzes that the U S Army Corp of Engmeers (COE) has - :

0perat10na1 and regulatory authontles concermng dredgmg opérations. Under sectlon 7(a)(1)

' 'transport of contammants to eagles m the LCR is known but the mlcrohabltat drstrlbutlon'o
. contamrnants w1thm the foragmg range of the eagles appears not be known The substantral

‘.The U S. F ISh and erdhfe Servree X
and i rs currently revrewmg the data. Thls information will be used to asséss contammant

Microhabitat contamlgant distribution: The obj ectives of the present study did not include 2 an

in numerous studies and inforination is available to assess reproduetrve 1mpacts ‘basedon . -,‘-‘; G
contaminant levels in eggs. This assessment can be conducted regardless of contammant TR

funding permits. Disturbance: Habitat and human dlsturbance factors for bald eagles nestmg

.



g the final phase of the prOJect

.“donot include heavy metals which may also be a factor. Unless this potential factor can be

 ruled on the basis of past studies, it should be included in this study. Iam 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 .

) Aotherwlse impacted sites. It would be far beiter to have included noncontammated reference -
--gites, from within the region or even better within the LCR in the current study. One final -~

et 'n(:em I have is the statistical analysis. The study includes relatively few data points which

_ appeat to represent nests selected in the LCR where nonviable eggs existed or where prevmus
- nesting success was evident. The site selection component of the sampling desagn may

o therefOre blas the results for statlstlcal analyses and that in comblnatlon Wlth the fact that the _

: ‘;Th dlloxm and furan analySIS requires subslantlal quantities of egg tissue and therefore only

: ”,mercu;ry was examined in the present study. The trace element information was added to the

e Dlseussxon section in the final interim report. Reference sites/statewide comparisons:
-‘Contammant residues and eggshell thickness are only compared to breeding success of eagles

- iri the lower Columbla River and are not compared on a statewide basis in the present study.- .
In thIS ‘analysis, the annual breeding suctéss of nest sites that were climbed for fresh egg .
collectmn were excluded, as deseribed in the Methods section, The ﬁve-year productivity
‘values, of nests in the lower Columbia River were compared to statewide productlvﬂ;y values.
Thiswas 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-yéar product1v1ty values.
Furthetmore, excluding the lower Columbia River values from the complete statewide
determ]natlon would misrepresent the state values. The figure demonstrates that the Columbla
Rlver bald eagle product1v1ty (ﬁve-year averages) 1s much lower than statemde values even |
Egga Were collected from sites with repeated poor product1v1ty, a history of contammants in
eggs; and from newly established territories. True random sampling was 1mp0331b1e in this
area hecause 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

incubation. Therefore, linear regression evaluated the relationship between breeding success

6f:0n:ly the lower Columbia River eagles and the corresponding eggshell thickness values for

) t3) I am a little concerned with a few aspects of the study design. The egg analyses .
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-the bll'dS (nestlng success mformatron was ava:llable for all nest srtes anng the nver) :
Although the sample size was ‘small, it represented nearly half of the eagles nestmg along the &

CTiver.. Samphng nearly 50% ofa populatron is genérally befter than most field studres achleve R

espetnally when workmg W1th a 11sted Species. ; Therefore the results from the regressmn are’
probably representatlve of the eagles nesfing along the river. Statemde values mcludmg RZI 0
values See dlscussmn above under “Reference srtes/statew1de compansons. . o
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