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ABSTRACT

In 1979, a monitoringprogram,designed by the Acaderny of Natural Sciences,
was implementedat the PennsylvaniaPower and Light Companynuclearstation

O in ruralPennsylvania. The hadthreeobjectives:(1)provide
program an independent

level of publicconfidence concerningthe ecologicalsignificanceof radionuclides
released tothe environment;(2) understandthe transportand fate of radionuclides
in the environment;,(3) develop monitoring methods that are responsive to
cumulativeradiationin the environment.

This programfocuses on biologicalreceptorsthat concentrateradionuclidesand
increase detection sensitivityin ali segments of the environment.The aquatic
environment is monitoredin the conventionalmanner by samplingfish tissues
and ina lesstraditionalmannerby samplingthe finerriversedimentsand periphytic
diatoms. The terrestrial environmentis monitored by sampling home vegetable
gardens, forest vegetation, lichens, and game mammals. A primary goal is to
establish ecological linkages, for example, between radionuclides,tree leaves,
leaflitter,humus,and fungi.These linkagesextend,throughfood,togame mammals,
thenceto humans.Eightyears of experimentalresults are presented.

INTRODUCTION

The Academy of Natural Sciences of Philadelphia, in collaboration with

Emory University of Atlanta, Georgia, developed an ecological
monitoring and research prograni for the Pennsylvania Power and

Light Company at its Susquehanna Steam Electric Station (SSES),
Berwick, Pennsylvania (Palms et al., 1989). The program is site specific,
based on ecological characterization of the region, and is an adjunct
to the Technical Specifications Radiological Environmental Monitoring
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Program (REMP) for the SSES. Although both programs assess the
possible environmental impact of station operations, the adjunct
"Safety Net Program" provides an independent, academic assessment
of radionuclide releases to the environment from SSES by scientists
from five academic institutions. The program is charged with expanding

our understanding of the environmental fate of radionuclides,
especially in food pathways leading to people (Boone et al., 1981);
the hypothetical dose to people is calculated for relevant components.
The program also develops innovative techniques for monitoring
radionuclides near a nuclear power station.

The greatest value of continuous monitoring, and the principal focus
of the Safety Net Program; is the ability to examine environmental

trends relative to potential impacts of the facility. To provide
preoperational data. the program was initiated several years before
the station became operational. Data are examined yearly across
stations, and for selected stations across years, to distinguish between
short-term fluctuation and long-term trends. Many biological receptors
that have been studied since 1979 were chosen for their efficiency
in accumulating radionuclides and their role in radionuclide transport
to people. Through pilot studies, environmental components which
prove effective as monitoring tools are incorporated in the program
design; those which prove ineffective are eliminated.

RESULTS

Because the madority of controlled radionuclide releases from SSES

are waterborne and discharged into the Susquehanna River, we
monitored radionuclides in the aquatic environment to determine their '
fate and assess.pathways that could lead to people. Flocculated river
sediments (floc) and periphyton (mainly diatoms) growing on glass
slides in diatometers are highly efficient accumulators of radionuclides
(ANSP, 1989). Comparison of SSES monthly waterborne release data
with mean monthly radionuclide concentrations in periphyton and
floc collected 400 m downriver from the water discharge diffuser pipe
indicates the general bioaccumulation of anthropogenic radionuclides
(Figure 1). Accumulation by periphyton was more efficient than that
by floc (Palms et al., 1989). Aquatic components that were less effective
in accumulating radionuclides included coarse sediments, aquatic
insects, freshwater mussels ahd crayfmh; these are no longer sampled
on a regular basis.
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Figure 1. Mean concentrations (pCi/g dry wt), by month, for gamma-ray-emitting
anthrol:mgenic radionuclides (mCi) inflocculated sediment and periphyton samples collected
near the Susquehanna Steam Electric Station, Pennsylvania, 1986.1988.
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Because fish arc consumed by people, they provide a direct radiological
pathway to people. Representative carnivorous, omnivorous, and
benthic feeder fish are sampled, and these tissues are analyzed; only
low levels of anthropogenic radionuclides have been detected. In 1988,
the hypothetical dose to people of 0.18 mrem/kg (wet weight) of fish
consumed (Palms et al., 1989) was almost entirely from naturally
occurring radionuclides.

Airborne releases from SSES have been insignificant; to date, few, if
any, anthropogenic radionuclides attributable to station operations
have been detected in the various terrestrial components monitored.
Controlled experimental garden plots were planted and maintained
consistent with regional gardening practices° Surface soil and the edible
portions of beans, cabbage, carrots, corn, potatoes, tomatoes, and
several leafy vegetable crops were sampled from three plots around
the perimeter of the facility and at a control location. For these items,
the dose to people in 1988 ranged from 0.041 mrem/kg (wet) of corn
consumed to 0.16 mrem/kg (wet) of cabbage consumed (Palms et al.,
1989) and was also due aim )st entirely to naturally occurring
radionuclides.

Various forest studies were useful in determining radionuclide transfer
through environmental pathways and, ultimately, to people. In 1986,

upper-canopy-level leaves from trees collected fallout radionuclides
following the Chernobyl accident in the Soviet Union (Figure 2A and
B). Wash-off by rains and autumn leaf fall transported radionuclides
to litter on the forest floor. Gradual decomposition of leaf fall to
compact humus concentrated radionuclides per unit volume. Naturally
occurring and anthropogenic radionuclides were incorporated by
fungal mycelia growing in humus and were concentrated in fruiting
structures, e.g., mushrooms (Figure 3). If a human consumed
mushrooms with the maximum concentration of radionuclides

measured in 1988, a dose of 0.49 mrem/kg (wet) would be received,
with _37Csbeing the major contributor to that dose (Palms et al., 1989).

Through other studies, transfer of radionuclides through the forest
ecosystem was traced further up the food chain (Figure 3). Literature
sources (Flyger and Gates, 1982) and gut analyses (ANSP, 1989)
confirm that gray squirrels eat fungi. Radionuclide concentrations were
often greater in squirrels than in the fungi they ate, suggesting probable
biomagnification. A pilot study is currently underway using lichens
as a biomonitor of airborne radionuclide deposition. Lichens are effective
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bioaccumulators, as demonstrated by their accumulation of radio-

nuclides resulting from the Chernobyl accident.
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Figure2. Annualmeanconcentrations(pCi/g drywt)of:A,gamma-ray-emittingradionuclides
and B, gamma-ray-emitting anthropogenicradionuclidesin canopy leaves collected near
the SusquehannaSteamElectricStation,Pennsylvania,1986-1988.
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Figur_ 3. Annualmeanconcentrations(pCi/gdry wt}of gamma-ray-emittinganthropogenic
radionuclidesincanopyleaves,litterfall,litterthumus,mushroom,andsquirrelmusclesamples
collectednearthe SusquehannaSteamElectricStation,Pennsylvania,1988,

DISCUSSION

Nuclear generation of electrical power has met public resistance even
though it has distinct environmental and economical advantages over
other power generation options. Recently, there have been calls for

corporate environmentalism, def'med as attitude and performance
commitments that place corporate environmental stewardship in line

with public desires and expectations. To meet the energy needs of
an expanding population, the electric power industry must convince
an environmentally concerned public that industry seeks an
environmental partnership. Integrating long-term studies of biological

systems into site-specific environmental monitoring programs can
provide useful and innovative approaches to determining the
environmental fate of radionuclides, especially in food pathways leading
to people. Such programs have scientific value and also provide
objective information to the public.
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