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ABSTRACT

Several significant events occurred between 1955 and 1960that resulted in major
changes in environmental monitoring at Hanford and in the initiation of
comprehensive dose assessments, These included: (1) specification of dose limits
for nonoccupational exposure (including internal emitters); (2) a national and
international awakening to the need for managing the disposal of radioactive wastes;
(3) identification of the most important radionuclides and their sources of exposure;
(4) data that quantified the transfer coefficients of nuclides along environmental
pathways; and (5) development of greatly improved radiation detection

instrumentation. In response to a growing need, the Hanford Laboratories formedthe "Environmental Studies and Evaluation" component. This group revamped
the monitoring and sampling pl_grams so that analytical results contributed directly
to dose estimation, Special studies were conducted to ascertain local dietary and
recreational habits that affected dose calculations and to calibrate the models,
These studies involved extensive contact with tile public and governmental
agencies, which elicited a positive reaction,

INTRODUCTION

The Hanford Engineering Works was the first nuclear facility to release
substantial uounts of radioactive effluents into the environment.

Although ,vernmental regulations did not exist at the time,
responsible officials of the Manhattan Project and the Du Pont Company
took the initiative to monitor these releases. The late Herb Parker was

the chief architect of this effort, and senior members of his staff, notably
Carl Gamertsfelder, Jack Healy, and Walt Singlevich, pioneered in

implementing the monitoring and analysis work.

In the late 1940s, radiation standards were iii defined. The first

environmental monitoring program was characterized by a large
number of measurements of low accuracy, which covered a large area
and a variety of problems at minimal expense. Liquid and gaseous
effluents were sampled before release; Columbia River water was
sampled ne.r the old Hanford Ferry and in the Tri-Cities. With few
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exceptions, these were "grab" samples collected at weekly intervals.
Ionization chambers were used to measure external radiation on site
and at some offsite locations.*

Most samples were analyzed for gross beta emitters, because the
common detection instrument was the thin mica end-window Geiger-
Mueller (G-M) detector. Gamma spectrometers had not been perfected
for routine use. Some samples were analyzed for alpha emitters and
some for individual nuclides by tedious procedures. These Crude
beginnings evolved into more comprehensive programs as observations,
research, and technical developments pointed the way.

BIOLOGICAL ATTRACTION

From the beginning, some pioneer health physicists realized that
radioactive gases might be of greater concern because of inhalation
than as an external radiation source in the atmosphere (Stannard,
1988). When the buildup of _31Iwas noted on Hanford vegetation and
in grazing animals, Parker recognized the significance of this additional
pathway. Accordingly, he recommended revised release limits for _3_I
from the 200-Area stacks that were based on dose to the thyroid via

O a veCetation pathway (Parker, 1946). This required that vegetation
be: ,, utinely included in the sampling program, therefore native
vegetation was obtained and composited at weekly to monthly intervals
from zones on and near the site.

It is noteworthy that control of _a_Ireleases based on thyroid dose
preceded any published guidelines. The National Bureau of Standards
(now National Institute of Standards and Technology) Handbook 52,
the first report of the Subcommittee on Permissible Internal dose of
the National Committee on Radiation Protection '* (NCRP), was not
issued until 1953 (NCRP, 1953). Inasmuch as Parker was a member
of this committee, he was able to apply the concepts as they were
developed.

Karl Herde, Hanford's pioneer wildlife biologist, was likely the first to
f'md _3_Iin the thyroids of rabbits, goats, and sheep on the site (Stannard,
1988). This was soon after the chemical separations plants began

t$,

*Carey, Z. E., R. F. Foster, J. J. Fuqu_:,, J. W. Healy, R. L. Junkins, and
L.C. Schwendiman. 1959. Final Report-Radio:ogical Evaluatior, Task Force,
"Strictly private" report to H. M. Parker.

**No_ called the National Council on Radiation Protection and Measurements.
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operation. These early observations prompted opportunistic sampling
of rabbits and some marginally successful, clandestine attempts to
monitor the thyroids of cattle that grazed close to the site perimeter.
By tile early 1950s, the wildlife monitoring program had become more
structured and included, in addition to rabbits, waterfowl that
frequented the Columbia River and the liquid-waste disposal ponds
of the chemical separations areas (Hanson and Kornberg, 1956).

Paralleling observations on rabbits and other wildlife were measure-
ments on f'mh and other aquatic organisms. The first analyses were
made on laboratory fish being used to evaluate the toxicity of reactor
cooling water (Healy, 1946). Results were misleading, however, because
the fish ate only uncontaminated laboratory food. Fish collected from
the Columbia River were muct_ more radioactive (Herde, 1947). The
dominant radionuclide was determined to be 32p.This was a surprise
because this radionuclide was not especially abundant in reactor
effluent. The fish were actually accumulating 32pfrom food organisms
that had concentrated it from river water. These observations

prompted extensive exploratory sampling of f'mh and other organisms
throughout the river (Foster and Davis, 1956).

Although Columbia River fish were also accumulating significant
amounts of 6_Zn, this gamma emitter did not receive much attention
initially because it was not efficiently detected by the G-M counters.
In the late 1950s, 85Znwas observed in people counted in a prototype
whole-body monitor, especially in those who had recently eaten seafood
harvested from near the mouth of the Columbia River. Exploratory
sampling in that region confirmed an extraordinary accumulation of
85Zn in shellfish. Thus, routine sampling of oysters from Willapa Bay
was initiated in 1960. By this time, gamma spectroscopy was well
developed and in routine use.

CONCEPTION OF DOSE EVALUATION

" Ali early environmental monitoring was expected to enhance our
knowledge about radiation exposures of people in the site environs.
However, procedures for evaluating the significance of ingested and
inhaled radionuclides were not developed until the mid-1950s. The
seminal publication that set the stage for such evaluations was the
NCRP report on "Maximum Permissible Amounts of Radioisotopes in
the Human Body and Maximum Permissible Concentrations in Air and
Water" (NCRP, 1953). These recommendations were iz_mediately
incorporated in "Radiation Protection Standards" for Hanford Atomic
Products Operation (General Electric Co., 1958).
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Provided with these guidesi workers in the Radiation Protection and
Biology groups estimated how much water, fmh, or ducks could be
consumed without exceeding the limits. The results were not dose
estimates per se and, at the outset, such evaluations by the different
groups were not combined to provide a comprehensive exposure status
for individuals.

The environmental dose evaluation program evolved rapidly during
the late 1950s. The potential for significant exposure cot_ld no longer
be considered minor since, by 1955, eight reactors were discharging
effluents to the Columbia River. Furthermore, the NCRP issued
recommendations for "nonoccupational exposure" that were only one:
tenth of those for radiation workers (NCRP, 1954). In 1957 and 1958,
these limits were expressed even more conservatively for "persons
outside of controlled areas" (Addendum to NCRP, 1954).

The time had come to change the direction of the environmental ,
program from a demonstration that radiation contamination levels
were well below some level of concern to a sophisticated analysis that
accurately estimated doses to people in the environs and compared

O results with the new dose limits being promulgated.
Fundamental principles for calculating radiation _ose from Hanford
effluents were frost stated by Healy when he was serving on NCRP's
Subcommittee of Permissible Internal Dose (Healy, 1956). Using Healy's
guidance, H. V. Clukey proposed a "Method of Calculating Columbia
River Drinking Water Exposure" (Clukey, 1957) and determined that
the gastrointestinal tract was the critical organ for this source.

By 1958 the basic methods had been developed, and enough field data
had been accumulated to estimate the composite exposure from several
Hanford sources and exposure modes. The Second Geneva Conference
provided an added incentive to show that this could be done. Healy
et al. (1958) presented a landmark paper, using 1957 data on
radionuclides in air, water, fmh, and waterfowl to estimate radiation
doses to people. Their calculations used "standard man" parameters
embodied in.NCRP Handbook 52 (NCRP, 1953) and dietary information
compiled from literature concerned mostly with U.S. populations as
a whole (Soldat et al., 1986).

GESTATION PERIOD

It was apparent in 1958 that available monitoring data and knowledge
of the habits of local people were inadequate for a fully satisfactory
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evaluation. Further, consolidation cf the required data was difficult
because responsibilities for the necessary parts were fragmented in
six different sections of the Hanford Laboratories. Seeking resolution
of these and other radiological problems, Parker established a

Radiologi.cal Evaluation Task Force to make recommendations, with
Jack Healy as leader, The Task Force began its work in November
1958 and submitted its "strictly private" final report a year later. Among
its recommendations were major revisions to the environmental
monitoring program, in sample analysis, field dosimetry, initiation of
dietary surveys, and creation of a permanent "Radiological Evaluation
Group."*

Three events of national and international significance occurred during
the tenure of the Task Force which drew further attention to dose

evaluation: (1) congressional hearings on industrial radioactive waste
disposal; (2) an International Atomic Energy Agency (IAEA)
conference in Monaco on disposal of radioactive wastes (the U,S,
delegation was concerned that the Russians might create an
international issue because Hanford contaminants were entering the
Pacific Ocean); (3) attention directed to radioactive wastes in the

O Columbia River by subcommittees of the first National Academy ofSciences Biological Effects of Ionizing Radiation Committee. The
congressional hearings were significant because they afforded Parker
an opportunity to herald the bases of radiation protection at Hanford
and Hanford's waste-disposal policy. This included a "point-of-
exposure" philosophy and estimating the combined exposure from ali
sources of environmental radiation. (Parker, 1959). To illustrate this
point, we developed a comprehensive set of diagrams that showed
the many possible pathways by which people can be exposed. These
were probably the first such diagrams ever developed.

Many recommendations of the Radiological Evaluation Task Force were
subsequently implemented, In 1960, R. L. Junkins influenced changes
in the sampling and analysis programs and helped lay the groundwork
for dietary surveys. With the aid of others, he produced substantially
enhanced estimates of radiation exposure in the Hanford environs
for the year 1959 (Soldat et ai., 1986).

*Carey, Z. E., R. F, Foster, J. J. Fuquay, J. W. Healy, R. L, Junkins, and
L. C. Schwendiman. 1959. Final Report-Radiological Evaluation Task Force,
"Strictly private" report to H. M. Parker.
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More pervasive developments occurred in 1961, when a new
organization, Environmental Studies and Evaluation, was created as
a part of the Hanford Radiation Protection Section. ! managed this
group, which included most of the health-physics-oriented staff
involved with environmental monitoring and evaluations. Its scope
included design and implementation of ali sample collections, field
measurements, laboratory analyses, and computational procedures for
evaluating exposure of people in the Hanford environs. The group was
also charged with research and development studies on the "mechanism
of environmental exposure."

These studies focused on determining the parameters needed to
quantify ingestion rates of drinking water and local foods, especially
fish, milk, and farm produce. A c_eel census of Columbia River' fLshermen
showed the quantities of particular species of fish which should be
used for dose estimates. A mobile whole-body counter was built and
used to measure gamma emitters in Richland school children, fLshermen
on the banks of the Colmabia River, local farm families, and residents

of towns near the river mouth. Although using the whole-body counter
outside the Richland community was viewed with trepidation by some,
the study was received enthusiastically by cooperating state officials
and the participants.

FRUITION

Information on diet and recreational habits of people who visited the
whole-body counter and data from other studies were soon
incorporated in the computations developed to estimate dose (Foster,
1973). Use of this information, and other details concerning the
evolution of environmental monitoring at Hanford through 1984, have
been described authoritatively by Soldat et al. (1986).
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