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ROLE OF ENVIRONMENT

Twenty-nine years ago this month, I visited Oak Ridge National

Laboratory for the first time. My purpose was to interview for a

position as an ecologist in the Waste Management and Engineering

Section of the then ORNL Health Physics Division led by K. 1. Morgan.

Even at that time, the problem of safe ultimate disposal of rad wastes

was recognized as being of paramount importance to the fate of the

nuclear industry by workers in that field. Morgan recognized the broad

significance of the waste disposal problem; specifically, he was

concerned about the environmental implications associated with waste

disposal as then practiced at our nuclear energy centers. In

particular, he and his associates were alarmed by the paucity of data

on the potential effects of radiation on the environment, especially on

those components that we now refer to collectively as ecosystems. He

recognized that radionuclides released under the extant standards,

either from routine or from unique waste disposal operations, would

become available to the organisms that comprise our life-support

systems. Furthermore, little was known about the consequences of

exposure of these organisms to acute or chronic doses of ionizing

radiation.

Needless to say, the interview was a success and, in the summer of

1954, I joined ORNL as its first staff ecologist. From the perspective

of a quarter century later, some events that took place then, while

understandable in the light of one's knowledge of human nature, still

seem unbelievable today. Safe and ultimate disposal of high-level
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nuclear wastes was the goal, and everyone involved in the program

believed that the solution would be at hand within five years at best

and ten years at the most. So much for the well-meaning naivete of

enthusiastsl However, for the dedicated, it was not so much a failure

of science or engineering as a failure to recognize opportunities and

take advantage of them when it was most propitious to do so. In light

of today's environmental concerns, some of the resistance to the new

ecology program at ORNL was predicated on a rationale that would be

considered Neanderthalian. In a memorandum [1] dated September 16,

1954, one federal administrator commented in regard to establishing an

ecology program at ORNL: "...the argument that we do not know the

consequences of radiation damage to the environment is not a valid

argument for support of such a program." Despite such opposition, the

program survived and became an important component of the Atomic Energy

Commission's (AEC) biomedical programs.

It was recognized early that the relation of ionizing radiation to

the environment had two components: (1) the effects of ionizing

radiation on individual species, populations, communities, and

ecosystems; and (2) the movement or transfer of radionuclides within

ecological systems (food chains) and their accumulation within specific

ecosystem components such as soil, water, and biota.

We have learned much about the effects of ionizing radiation on

our flora and fauna. The investigations and experiments carried out in

the days of the AEC provided a solid factual basis for relating
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radiation dose to biologic and ecologic effects over a spectrum of

species, populations, and even communities in different ecosystems.

Much documentation exists for estimating damage to organisms over a

wide range of doses of gamma, beta, and fast neutron radiation. It is

this body of data and facts which gives us a certain confidence that

chronic low-level releases of radionuclides will not cause demonstrable

changes in the receiving ecosystems [2]. Nevertheless, oar ability to

specify the levels of environmental contamination with radionuclides

that would just begin to cause identifiable ecological damage is

poor. In fact, this is due to the problems involved in determining

radiation dose to organisms from environmentally dispersed contaminants

subject to differential physical and chemical behavior within a complex

system. It is also due to the difficulty in quantifying subtle

biological effects in complex systems at comparatively low radiation

exposures.

At the very beginning, ecologists recognized that the study of the

fate of radionuclides was of particular importance; first because

biological components of the environment could serve as vectors for the

transfer of radionuclides through food chains, and second because

chemical and physical components of the ecosystem were coupled to the

biological components, thereby creating a mechanism for transport of

radionuclides to situations not predictable a priori, either temporally

or spatially. The early recognition that man could be coupled to food

chains through his diet achieved particular recognition during the
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latter part of the decade of weapons testing. The scientific

recognition of the importance of food chains through which nuclides

involved in worldwide fallout (i.e., Sr, Cs, and I) could

enter agricultural crops was of particular concern, and we owe much to

R. S. Russell [3] and his colleagues in the United Kingdom for their

thorough and exhaustive studies. Public recognition and understanding
90 117of the food chain linkage between fallout of Sr and Cs played

a key role in bringing about the cessation of open weapons testing.

As public sensitivity to potential radiation exposure increased,

there was a concomitant increase in our ability to measure smaller

quantities of radionuclides, coupled with parallel tightening of the

regulations governing permissible exposures. Systems analysis methods

were initially developed [4] for the explicit purpose of predicting

movement of radionuclides through environmental pathways to man.

Widesoread recognition of the utility of these models led to rapid

development in the sophistication and complexity of various modeling

approaches and accompanied a simultaneous effort to reduce complex

models to simpler ones that retained the essential accuracy but were

more amenable to practical application.

Currently, radiological assessments rely heavily on the use of

mathematical models to predict the dose to man resulting from the

environmental transport and subsequent human uptake of radionuclides

released from nuclear activities. The predictions of these models are

often used to determine compliance with regulatory statutes [5]. For
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assessment purposes, equilibrium or steady-state models are the most

widely used [6-8]. In general, these are empirically derived models

that rely on the measurement of concentrations in two distinct steps of

the environmental chain to derive a transfer coefficient. Such

coefficients then can be used to quantify transfer between different

food chain levels in the environment so that the average nuclide

concentration in one compartment can be predicted, given the average

concentration in the supporting compartment. This approach has

advantages when the system is in a steady state and when the final

receptor (man) can be measured to verify the predictions sometimes by

in vivo measurement. Most of the studies of the natural radionuclides

and the longer-lived fallout radionuclides have used this approach, and

the methodology has been well documented in the various reports of

UNSCEAR.

The main difficulty in the use and application of empirical models

is the requirement that uptake and transfer coefficients for specific

radionuclides and organisms be systematically determined in different

media for each site-specific situation.. Site-specific estimates of

the uptake and transfer coefficients needed in regulatory models are

generally not available, necessitating reliance on the substitution of

generic default values [7,8]. Recent evaluations indicate that

uncertainties may often be associated with the use of these default

values because of the inherent bias in the data base from which they

have been derived and the imprecisions related to variability in
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environmental conditions and experimental methodologies [9]. Many of

these uncertainties also occur because uptake and transfer experiments

performed in the past and reported in the literature have not been

directly applicable to the parameters as defined by regulatory models.

The uptake and transfer coefficients of critical importance to

regulatory models are those having direct relevance to pathways of

human exposures. As regulation limits become more restrictive, the

conservatism that we enjoyed in early model parameters must become more

realistic. Radioecological research is needed particularly to obtain

data for predicting exposures resulting from the transport of

radionuclides in agricultural food chains. The primary parameters in

terrestrial environments are those involving atmospheric deposition

onto soils and vegetation, resuspension and leaching from these

surfaces, uptake from soils by edible portions of vegetation, and

transfer into meat, milk, and other animal products utilized by

humans. In the aquatic environment, the primary parameters involve the

bioaccumulation of radionuclides from water and sediment by the edible

portions of biota. The existing variability in values reported for

these parameters may span one to several orders of magnitude.

There is growing recognition that knowledge of uncertainties

associated with model outputs is essential, especially when calculated

doses approach dose limits. The need for determining uncertainties has

resulted in increased interest in model validation. Model validation

involves the testing of model predictions against observations obtained
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under conditions consistent within the realm of model application.

While complete validation of complex dose assessment models is still

impractical;, the approach is feasible for those portions of dose

assessment models used to predict atmospheric and hydrologic transport

and food chain bioaccumuiation. Recently, Bondietti and Hoffman at

ORNL [10] made a preliminary test of model validation of the

air-vegetation pathway. Relative concentrations of particulate

aerosols on the surfaces of herbaceous vegetation, resulting from a

unit rate of continuous deposition, were derived from six

internationally recognized radiological assessment models (Fig. 1).

These predictions were compared with two sets of measurements obtained

by using cosmogenic Be as a natural tracer of regionally dispersed

small particles. One set of measurements was taken at a specific

location in the Oak Ridge National Environmental Research Park; the

other set came from multiple environmental monitoring stations at

various locations in the park. The two sets of measurements are

represented by estimates of the geometric mean and the 95% confidence

limits.

The predictions of three of these s\x models (NRPB, IAEA, and

AIRDOS/EPA) are comparable to the geometric means of both sets of

observations. All six model predictions are encompassed by the 95%

range of observed values associated with monitoring data; however,

three models (BIOPATH, ABG, and NRC) are not encompassed by the 95%
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, ORNL-DWG 82C-16705C

THE VEGETATION CONCENTRATION TO DEPOSITION
RATE RELATIONSHIP (pCi/kg -^pCi/m2 -d) FOR Be
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IAEA (28.1)
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Fig. 1. A COMPARISON OF SIX MODEL PREDICTIONS WITH
OBSERVED VALUES
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range for the single research site. For this preliminary test of model

validation, the extent of variability for multiple monitoring stations,

represented by the 95% confidence limits, is about an order of

magnitude, whereas at a specific site it is only a factor of three.

Undoubtedly, there are many other examples to further illustrate this

point. /

The problem of variability in field measurements, both spatially

'-and temporally, logically directs an investigator toward laboratory

investigations where variables, can be regulated or controlled. While

useful and necessary for many purposes, laboratory studies aimed at

deriving parameters for assessment models in lieu of field

investigations must be viewed with caution.

A recent example of how laboratory studies may lead to
99overestimates of exposure is the case of Tc. The major sources of

99current Tc releases to the environment are gaseous diffusion

facilities processing recycled reactor fuels. Until recently, the only
99data available on the behavior of Tc in food chains were from a few

QQ

laboratory studies that quantified the relationship between Tc in

potted soil and in vegetation [11-13], One purpose of these studies

was to derive concentration ratios (CR). The vegetation/soil CR is

used in radiological assessments to predict the concentration of a

radionuclide in vegetation by multiplying the CR value times an

estimated concentration of the radionuclide in soil. The CR value is
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directly correlated with the calculated radiological dose when direct

or indirect consumption of contaminated vegetation is the primary mode

of radiation exposure and when the soil is the primary contributor of

radionuclides in vegetation [14]. In these potted-plant experiments,

concentration ratios ranged from a low of 67 to a high of 1490

[12,13]. These CR values were two to three orders of magnitude higher

than the generic value used in past radiological assessments. Till et

al. [14] demonstrated that if a CR value typical of laboratory

observations were used in environmental assessments, releases from

gaseous diffusion facilities cjuld approach and even exceed current EPA

standards. In contrast to these laboratory findings, recent field

studies [15,16] involved experimental application of radioactive
95m 99

Tc to field plots and direct measurement of Tc in mixed

herbaceous vegetation and soils near the three operating gaseous

diffusion plants. The geometric means of concentration ratios
99determined for Tc ranged from 6 to 16. If these data were used,

the estimates calculated by Till et al. [14] would be decreased by from

one to two orders of magnitude [16]. The difference lies in part in

the artificial conditions imposed in laboratory experiments. For

example, in laboratory experiments a greater ratio of root-to-soil

volume may increase the availability of technetium for root uptake from

potted soil and the application of fertilizers may affect sorption

reactions. In addition, the soils used in laboratory experiments may
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not adequately simulate the redox variations of an undisturbed soil.

Furthermore, vegetation grown in the laboratory is protected from wind,

fog, and rain, all of which could remove technetium from field

vegetation. Results from studies such as these emphasize the

importance of factoring the realities of environment into studies of

radionuclide behavior.

The pervasive concern about ionizing radiation in the public mind

stems, in considerable measure, from a lack of understanding about the

behavior, fate, and presumed effects of radiation-emitting elements.

This lack of understanding by the public also applies to the standards

and guidelines used to regulate the quantities of radionuclides that

may be released to the environment. Comprehensive research on the

behavior and distribution of radionuclides as affected by ecological

variables has been studied in only a few biotic communities [17].

Numerous relationships have been discovered, but there is not yet

sufficient information to permit accurate prediction of radionuclide

distribution in the many biotic communities that have not received

direct investigation. Equilibrium distributions of a few well-studied

radionuclides can be predicted in some communities, but information on

time dependencies and on a host of less well studied radionuclides is

sparse. Eventually, with sufficient information, a comprehensive

theory of radionuclide distributic could be developed to encompass

ecological variables, different radionuclides, and temporal phenomena.
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But even if we are so fortunate ?3 to achieve such a paradigm, the role

of the environment in radiological assessment will always require an

understanding and appreciation of the inherent variability involved in

radionuclide behavior.
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