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STRONTIUM-90 IN CANADA GOOSE EGGSHELLS:
NONFATAL MONITORING FOR CONTAMINATION IN
WILDLIFE '

W. H. Rickard and L. E. Eberhardt
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ABSTRACT

We'measured Q°Srin eggshells from Canada geese (Branta canadensis moffitti)
that nested on Columbia River islands up- and downstream from deactivated
plutonium production reactors on the U.S. Department of Energy's Hanford Site
in southeastern Washington. We also measured Q°Sr in winD bones of goose
carcas-'es. Background levels of g°Sr were based on eggshells collected on an
island upstream of the reactors. A few eggshells collected from nests on a single
island downstream of the reactors had slightly higher than background levels of
_°Sr.This may have resulted from geese eating shoreline plants or crops irrigated
withColurnbia River waterthat contained 9°Srreleased into the river through ground-
water seepage.

INTRODUCTION

For the last 45 _', mSr, a moderately long-lived (half-life = 29.1 yr)
radionuclide produced during the nuclear fission process, has been
ubiquitously deposited over the earth's surface mixed with particulate

debris originating from atmospheric testing of nuclear weapons
(Bowen, 1979; Eisenbud, 1987). Strontium-90 is also present in
irradiated fuel In the 1960s, up to eight once-through-cooled reactors
and a secondary cooling reactor (N Reactor) operated on the Hanford
Site upstream from the city of Richland, Washington (Figure 1). By

1971, only N Reactor was operating. When it was shut down in 1987,
four decades of reactor operations at Hanford ended. During the years
of N Reactor operations, _°Sr seeped into the ground from aqueous

_ waste streams and has moved with ground-water flows, entering theColumbia River (Rokkan, 1986). However, elevated strontium levels

are currently not detectable in drinking-water samples collected
downstream at Richland, the nearest population center (Jaquish and
Bryce, 1989).
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Figure1. Locationsofgoosenestingislandsat HanfordandofN-Reactor(100N).

Strontium-90, like calcium, is expected to concentrate in the bones

and eggshells of birds (Till and Meyer, 1983). The purpose of our survey
was to determine if eggshells from Canada geese that nest on four

Columbia River islands (Figure 2), downstream from N reactor,

contained elevated 9°Sr levels compared with eggshells from geese

nesting on an upriver island. We also measured 9°Sr in wing bones
of goose carcasses.
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Figure 2. Canadagoosenestcountson ColumbiaRiver islandsupriverand downriver
fromRingoldSprings(1953-1989).

LIFE HISTORY OF NESTING CANADA GEESE ON THE
HANFORD SITE

Canada geese usually begin to nest on Columbia River islands in March,
and eggs hatch in April and May. During brood rearing, which lasts
through summer, parent geese closely attend their young, which cannot

fly (Eberhardt, 1987). Almost all forage plants ingested by parent and
juvenile geese are those that grow along the wetted shoreline of the
Columbia River or on one of the few irrigated fields close to the shore.

One field is located east of Island 12 near Ringold (Figure 1). When
the young birds are able to fly, they often forage at long distances
from the river. In autumn, a large influx of migrant Canada geese
intermingles with resident geese.

METHODS EMPLOYED

Immediately after hatching, eggshells were collected from 52 nests (in
spring, 1988) on Islands 2, 12 (Plow Island), 15, and 17 (Capp Island),

ali downstream from N Reactor (Figure 1), and from Cabin Island,
in the lower portion of Priest Rapids Dam reservoir, upstream from
N Reactor (Figure 1). Wing bones were also collected from eight goose
carcasses found on the islands. Death was probably caused by gunshot
wounds incurred during the 1987-1988 fall-winter hunting season.
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Eggshells were washed under running tap water, gently scrubbed to
remove attached blood, feces, and mucus, and inner membranes were
removed. Wing bones were scraped clean of attached flesh. Ali samples

were air-dried and analyzed for 9°Sr (chemical separation and beta-
counting; Jaquish and Bryce, 1989) by U.S. Testing Company, Richland,
Washington.

RESULTS AND DISCUSSION

Because _°Sr did not appear to be normally distributed, We performed
a natural log transformation before conducting parametric statistical
analyses. 2"ae 9°Sr concentrations in eggshells from the five islands

were significantly different (one-wayANOVA; P - 0.001; F = 10.9; df
= 4, 47). Concentrations of °°Sr in eggshells from Island 12 (near Ringold
Springs) were significantly higher (P < 0 0.05, Scheff_ F test) than
those from the other four islands (Table 1). Average 9°Sr concentration

in eggshells from Island 12 was 1.475 pCi/g dry weight, compared
to 0.8405, 0.6015, 0.5339, and 0.538 pCi/g dry weight for those from

O Cabin Island and Islands 2, 15, and 17, respectively. Using asbackground the average _°Sr concentration (0.8405 pCi/g eggshell)
measured at Cabin Island, upstream of N reactor, only Island 12 had

above-background 9°Sr levels.

TABLE 1. Concentrations of 9°Sr(pCiper g dry weight) in goose eggshells collected
t from islands in the Columbia River upstream and downstream from Hanford

reactors.

Collection Ran_te
Location N Mean Median Minimum Maximum

UpstreamIsland

CabinIsland 12 0.840 0,718 0.414 1,490

DownstreamIslands

Island2 8 0.601 0.600 0.533 0.891

Island12 12 1.475 1.355 0.658 2.450

Island15 8 0.534 0.530 0,278 0.767

Island17 12 0.536 0.460 0.306 1.290
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Average _°Sr concentration in wing bones was 0.517 pCi/g dry weight
(range, 0.199 - 0.805), a value similar to concentrations in eggshells.
These migrant geese were probably not raised along the Hanford Reach;
thus, _°Sr concentrations in wing bones are indicative of background
levels. In addition, 9°Sr concentrations in eggshells are indicative of
those in bones of parent birds.

About 38% of the goose eggshell weight is calcium (Rickard and Price,
1990). The shell from a single goose egg weighs about 17 g, and the
average clutch size is five eggs; thus, the eggsheU weight of a clutch _
is about 85 g. Using the maximum _°Sr value, in eggshells from Island
12, an average clutch contained 208 pCi 9°Sr and 32 g of calcium.

For eggshells to contain higher-than-background concentrations of 9°Sr,
geese must ingest plants with higher-than-background levels of _°Sr.
The only shoreline plants with elevated 9°Sr levels are those close to
N Reactor (Rickard and Price, 1990). However, the number of plants
analyzed was small; more detailed sampling might show elevated 9°Sr
levels farther downstream. Alfalfa (Medicago sativa) irrigated with

O water, on geese may fed, may
Columbia River which the have have

enhanced levels of 9°Sr. Although alfalfa routinely collected from fields
irrigated with Columbia River water downstream from the Hanford
reactors do not show elevated 9°Sr levels (Jaquish and Bryce, 1989),
geese may have foraged in fields that were not sampled.

Nesting performance of Canada geese on Hanford Reach islands has
been monitored since 1950 (Hanson and Eberhardt, 1971; Fitzner and
Rickard, 1983). Although the number of nests has varied from year
to year, the population appears stable. Most posthatching mortality
is caused by predators or hunters, initially, upstream islands (above
Ringold Springs, Figure 1) were favored by nesting geese (Figure 2).
In recent years, the downstream islands have been favored. The shift
is attributed to more frequent intrusions by coyotes (Canis latrans)
on upriver islands and fewer intrusions on downriver islands (Fitzner
and Rickard, 1983).

CONCLUSIONS

Strontium-90 is ubiquitous in the foraging environment of Canada geese
that nest on the Hanford Reach of the Columbia River; _°Sr will likely
persist in the biosphere for decades because of its long haft-life and
because of recycling between soil and plants. Most _°Sr in goose eggshells
and bone detected in this survey probably originated from worldwide
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fallout. However, eggshells of a few geese that nested on Island 12,
downstream from N reactor, had slightly elevated °°Sr levels. The _Sr
in these eggshells may be from ground-water seepage into the Columbia
River from N reactor and subsequent uptake by shoreline plants that
were eaten by geese. By sampling eggshells we can obtain biological
samples that are representative of °°Sr concentrations in bones without

killing the geese. None of the _°Sr concentrations in eggshells and bones
were at levels expected to affect the health or reproductive success
of the goose population.

Sampling goose eggshells is useful in long-term environmental

monitoring programs to document historical changes in eggshell
chemistry. This nondestructive sampling method is important because
the Canada goose population is a valuable esthetic and recreational
resource. The method may also be useful for other egg-laying species.
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