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Abstract

Hi r t o r i ca l l y  , h ( . r na in  s rem. (  o l umb id  R i ve r  ha .  bcen  re l a r i vc t y  f r ec  i r om d j , ec r  r c l ecses  o t  mdn_
l::1.T, T, l . i i '  eremenr) trom Indu.rr idt Inri t i r i (r .  Esgs raten rrom descrred L.rnadd soosr ne.Krrom rsraq\l \  rn Lhe HdqrorJ R.?,h ot rhe Columbia Rirer $,/erc (hemical l !  anal\zed to"r an.rrravol cssential mineral nutrients as wcll as potentialrv toxic elemeots. rt"* ,i"i" p..";a"-".*-;"i..1
mdr:on con((rning rhe mineral tonceltrarjons ot soir parts ol C_anada s."". . ;sr.  feq, are esoecjal lv

ra t . su rve r  ance  pu rpo "es  h . cdu ,e  k i l l i ng  o f  l i r d .  i s  no t  i equ i , co  and  ; s ,  d , ;
: la '11"..  ve"'  arrrr yc^,. Min(,at rnrt ist l .are e,FCir|y imporranr ar rhis r ime ir ih,nses ;n i ineralrn, ruru e )edrs.a-c ro be d.,e,(d fol lowing rhe add:t jon "f nrw induirr ia, faci l i r ics
aLong rn( rnlumbra rhat cor d rnuoduce metals to terfestrial and aquatic erosysrems as arrborne orliquid efflucnt releases.

Inlroduclion

Canada Geese. Brdnta cdna,leni;j tnoffit.i, have maintained a small breeding population
along the undammed Columbia River in southeastern \Washington since the late 1!40's
( De\{raard 1981, Hanson and Eberhardt 1971) durine an era wheo historical island
nesting sites have steadily diminished wirh the .onstruction of lerge hyclroelectric dams
on the Columbia and Snake Rivers ( Gibson and Buss 1!77, Ball et al. 1981). The
Hanford Site, a 1400 km, area of mostly undeveloped sagebrush land, was established
by the federal govefomenr jn 1943 to provide an isolated locatioo for the production
and processing of plutoniurn. As a part of the Hanford site bioloqical resource and wilcl_
life surveiilance progmms) an aonual census of goose n.rrc on )O riverine islands has
been  pe r fo rmed  s i n re  l , ) 51  iR i ck r r J  e r  d l .  i t ya l ) .

For 20 years plutonium production reactors located orr the shore of the Columbia
River used its water as a coolanr_ Heated water was returned to rhe river alone $/ith
butdens of radioactive phosphorus, radioactive zinc and other radionuclides. Zinc_65
afld 32P $'as easily measured in the tissues of migrating ducks and geese that used the
Haoford Reach of the Columbia River in autumn and winter (Hanson ancl Case 1963).
Following the closure of eight of the production reactors in the 1970,s, goose eggs irom
the Hanford Reach hacl iow concentrations of radiocesium and radiostrontium derivecl
from global failout (Rickard and Sweany 19jj). Zioc-65 and 3ep had clisappeared
due to rivef flushing and radioactive decay (Cushing e, at, l9g1).

The purpose of this article is to present data concerning stable ( non_radioactive)
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mineral element concenffatioos of goose eggs collected as available from deserted

goose oests on islands in the Hanford Reach of the Columbia River on 15 April 1980,

one month before the eruPtioo of Mount St. Helens which deposited massive amounts

of mineral rich tephra in a wide zone across eastern \ffashington and muddied the

usually clear Columbia River in the Hanford Reach for more than a week.

Methods

Eggs were taken from desetted goose nests oo islands numbers 11, 12, 15, 17, and. L9

in the C-olumbia River near Richlaod, I7ashington (Figure 1). The egg shells were re-

moved and the inner coflterrts freeze-dried PreParatory to elemental analyses The freeze-

dried material was digested in a mixture of nitric and petchlotic acid. Lead, copper, aod

chromium were determined by graphite furnace atornic absorption sPectroscoPy; s€-

lenium by hydride generation, sLrlfur by Leco ioduction furnace; and alumioum, calcium,

iron, magnesium, mangaoese, nickel, phosphate, Potassium, barium, strontium, sodium,

and zinc by inductive coupled argon plasma sPecttoscopy- Results are exPressed as

parts per million dry weight.

Results and Discussion

Phosphorus, sulfur, aod sotlium were the most abundant elements io gcnse eggs followed

by calcium, potassium, arrd magnesium. Calciurn concenttations were higher in eggs

from certain clutches taken from islands 77 and 19 with values ranging from 4400"

6600 ppm as comlmted to va.lues ranging trom 2200 to 4000 for uPstream islands. This

can probably be attributed to differences in embryo development stage because the

elevated levels were associated with the most adva.nced embryo stages-

Eggs collecred from islancl 17 had about the same levels of trace elements Cu,

Zt,Ml, aod Se as compared to eggs taken from islands 11,72, 15, ard 19 (Table 1).

Eggs from two of thrce clutches from island 17 had enhaoced levels of Al, Ni, and Cr but

Pb levels were ooly marginally elevated (Table 1). One egg from a single cl rtch from

island 19 also had enhanced levels of these same elements. Islald 17 is lmated within

one kilometer of a urarrium fuel fabrication facility located on the westerfl banl of the

Columbia River ( Figure 1) and island 19 is ftxated several km downstteam Leaching

polds located iear the western shore of the Columbia River have teceived liquid effluents

and slurry gelerated duriog 40 years of fabrication of uranium fuel. These ponds

may be the source of enhaoced levels of Al, Ni, and Cr in Canada Goose eggs as these

marerials are abundaotly used in fuel fabrication. It is also possible that these values are

well within the noimal range of minetal concentrations for goose eggs, but no published

information for comparison purposes was found.
Goose nesting along the Hanford Reach begins in eatly March (Hanson and Eber-

hardt 1971). Nesting geese provide a natural population that can be used as an indicator

of bioiogically available metal contanination in their foraging environment. In order

for female geese to obtain body butdens of metals for ffansfer to eggs, a metal soulce

needs to be present before and possibly throughout the sPti[8 eggJaying season. This

source could be either green plants or soil Particles exrcrnally atrached to plants. It

seems likely that nestiog geese would not travel great distances io search of food if green

forage plants wete available oear their rrest islands. Green forage piants are available

all alons the shore of the Columbia River and also on the shotelines of the islands.
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Figure 1. Map showing the Columbia River and goose nestiog islatrds with ideoti{ication numbers
and,the location of the {uel fabrication facility on the U.S. Departmenr of Energy,s Han-
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TABLE 1. Rrnse oi minerrll elemenls (ppn 'trv vt') in Canaila goos esss,co-lle'tfl1 lrom desetteil

nests on live island numbers lS ' e, U, tl, an'l 19 on ibe Ilanlord Reach ot the Cdumbia

River.rrensed lrom nDslream 1o downstream l-alues under ihe lines rre hom ihe same

clulch

l 2 1 7 1 !
l 1

5 Itgss il Eggs 1 Esc l Egc l Egs

0.50
1 . !
4 . 3

1 . 5
3 . ?
7 - 9

294
1 0 6

t , l
6 6 0 0
4 5 0

0 . 6  0  0 . ? 5

5 2  5 1

Sc
XIn
{]u
Zn

Pb
CI
Ni

Cr.
Mg

0.45 -  0.  i i  t l
1 . 3 , 2 . 0
l l .6 -  a-  0
4 ? - 4 9

0.E0 -0.90
0 . 5 0  -  0 .  ! 0
<1.3

< s  l i
9 1 J - 1 1 5
1. ' , i  -  2. '
i i .  !  -  i . I
2 2 0 0 - 3 3 0 0
; t ! Q , 1 S 0

F O ,  2 l 0 0 o - 2 l l 0 0 0
s  5 5 0 0  6 8 0 0
J <  2 9 0 0  3 1 0 0
N a  3 3 0 0 - 4 3 0 0

0 . 2 5 - 0 . 3 0
L 0  1 . 2
3_6-3.r1
47-57

0.68-0.90
< 0 . 0 5 - 0 . 1 0

< s - 1 0
s 5 - 1 0 ?
i t . t  4.4
5.lt - ii_ij
2 I J 0 0 - 1 1 0 0
.100 - ,1? 0

2 3 0 0 0  -  2 4  0 0  0
4 r i  00 -  6100
3 6 0 0  -  4 1 0  0
40 00 - ,1N 00

0 . i r ; 0 . 3 5
1 . 0  - 1 . 0
i l , l t  4.1
46 50

0 . 9 3 - 1 . 0
<0.05 0.25

< 3
112 -  10; i
2 . 6 - 2 - 8
5 , 6 , 6 . i i
3 1 0 0  -  4 0  0 0
i i 0 0 - 3 8 0

2 2 0 0 0 - 2 3 0 0 0
5 0 0 0 - 5 4 0 0
3 1 0 0 - i l l i 0 0
l r i 0 0 - 3 7 0 0

0 . 1 5  0 . 6 0
i . 3  -  1 . ?
+ . 2 - 4 . J

1 . 5  - 1 . ?

1 6 - 2 5

4 3  -  1 1 S
1 5 6  - 1 5  6
4 . S - 5 . 1
4 . 3  - i . 1
.1400 4300
14 0 - .190

2 , 1 0 0 0 - 2 5 0 0 0
.1600 -4 600
3  5 0 0 -  3 5 0 0
4400 - ,150 0

1.2
0,r j5
<1.  i i

< E
1 1 6
3 . 1
6 . 2
2| ]00
5 0 0

2 1 0 0 0  2  3 0 0 0
5 3 0 0  5 4 0 0
3 5 0 0  3 5 0 0
4000 ,1100

0.9;
3 _ 9  5
1.1

5 S
1,10

E . 0
4 3 0  0
520

2 4 0 0 0
' ;s00

:18 00
4 2 0 0

Leakage from the retention ponds has reached the shoreline of the Cohtmbia River but

there 
"are 

no measuremelts of mineral concentlations in shoreline vegetation as most

of the eoviroomental sulveillance associated with the Hanford Site has been concelned

with radionuclides rathel than stable elements'

Historically the Haoford Reach of the Columbia River aod its shoreline environment

hus b"en l"lutiu"ly free from industriatty ioduced metals in comlmrison to slrmms in

northern ldaho, for example, where miniog and/or sn.reiting has been practiced for a

;;;;;;.t more. Fish scrup, ".t.1 feces collected from heron nests on the Hanford

Reach showed reladvely low amouots of Cd, Pb, and Hg as compared to heron debris

collected at Lake Chatcolet in northero Idaho (Fitzner et al 1982) '

Most studies of waterfowl arld mineral elements have been cooceroed with measure-

meot of sPecific toxic elements in body tissues and determidng the amoLrnt of material

r.q"ir"a ,'" cause rnortality (Alder 191i1r' Bellrose 19)9, Chupp and Dalke 1964' I"oog-

carc et al. 1974, Steodell 1980)

Goose eggs taken from the Umatilla National $fitdlife Refuge located downriver

from the Hiifond Reach had high levels of heptachlor (Bl:us et al 1979) HePtachlor

is used as an insecticide rlearmeor fot winter wheat Pfior to Planting in the fall These

data show the Poteotiai for parent bitr1s to transfer the organic chemical compounds to

eggs and to embryos.

Our pteliminary study relied oo taking egg samPles as available-because we did not

wish to i,rpose u.liition"t mortality on a goose population rhat had declined from 300

n.rri.rg puiff in the eady 1910's to about-t'O nesting Pairs in the 1980's (Ball et al

1 9 8 1 ) .

Collecting eggs from abandoned goose nests is a practical way to tr-ronltof ao lm-

portaot wilciiif; sPecies for metals like mercury that can be passed from the pareot

Lir,l. ,o "gg, (Sreodell, 1977). Eggs are especially useful for surveillaoce PurPoses be-
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cause birds of high esthetic aod recrearional value need not be kilted to obtain samples
suitable for chemical analyses, and eggs can be obtained year aftet yeat

Ir is likely that in future years rhe Crlumbia Basin will reieive rnputs ot trace
elements from coal cotrbustion plants producing electricity for a g_ro*ing popularion
and rhar vatious agriculrural chemicals will be employed to sustain crop pro<luction. The
only way to determine whether or oot these environmental pollutants affect wildlife popu_
lations is to conduc eovitoomental surveillance programs that include wildlife san-lpling
and appropriate chemical measulements.
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