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Abstract: Envivonmental dosc calculalions arc nsed as a
hasis jor cealuating caviromnenial survcillanee data. Dose
craluations ave consisteal with the recommendalions of the
Fedeval Radiation Conneit (FRC) and the Inlernational Cont-
mission on Radiological Protection bual are nol noit vequired
by the regulalions goveruing Lhe operation of nuclear facili-
tics. This mcans of judging the radiological condilion of an
curironnmenl (s wmost helpful lo those sites releasing com-
plex mixtures of radionuclides and having @ mullilude of
possible pathiways back lo wan. Hanford is the only U, S,
site al whick regular aunnaldose evaluations are published.
4 detailed study of lhe digtary pathiways originating with
Clinch River naler is used al Oak Ridge National Labora-
tory as a means of asscssing dose-level changes.

The following bencfits might be derived from dose evalu-
alions at more U. S. sites:” (1) demonstration of the FRC
range appropriale for each site, (2) optimization of the
scope of envivonwental monitoring programs, (3} assurance
that any envivonmental reconcentvation processes will be
detecied, and {4 ready eccommodation of new sources of
exposure in the envivonment,

The techniques employed in monitoring the environ-
ment of a nuclear installation and interpreting the
monitoring data are largely determined by the ob-
jectives of the environmental surveillance program.
It is very important that these objectives be clearly
defined before an environmental surveillance pro-
gram is designed. Usually a variety of purposes can
be identified for monitoring the environment, with
one or two objectives being of overriding importance:

*J. F. Honstead hes been associated with radiation-
proiection work since 1950, when he began working for
the General Electric Company at Banford. In addition to

environmenta! research and radiological engineering work,

he has supervised research studies in geophysical and
geochemical fields at Hanford. In 1962 Mr. Honstead began
a2 2-year assignment with the International Atomic Energy
Agency in Vienna, Austria, as & senior officer in the Divi-
sion of Health, Safety, and Waste Disposal. Upon returning
to Hanford he worked as & research associate in studies of
the mechanisms of environmental exposure and is currently
Manager of Environmegntal Studies Section. He {s now
affiliated with the Pacific Northwest Laboratory of Battelle
Niemorial Institute, which replaced the General Electric
Company as operator of the Hanford research Jeboratory.
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The environmental surveillance program is some-
times tied to the regulatory climate in which the
facility operates. ln pother cases the environmental
program may be a final step in the control of radio-
active effluents. Some objectives are efficiently ful-
filled by a program involving the evaluation of doses
received by people living in the neighborhood of the
facility, This summary reviews the status of environ-
mental dose evaluation at some U. S. sites and re-
ports some of the techniques employed.

The publication of Federal Radiation Council {FRC)
Report No. 1 in May 19860 gave emphasis to the ap-
plication of dose calculations for the evaluation of
environmental monitoring data.! The FRC was formed
under Public Law 86-373 in 1859 to “... advise the
President with respect to radiation matters, directly
or indirectly affecting health, including guidance for
all federal agerncies in the formulation of radiation
standards and in the establishment and execution of
programs of cooperation with States....” The first
report of this Council provided Radiation Protection
Guides for both individual members of the population
and the' population average for those people living in
the vicinity of a nuclear installation.? The guides are
based on the dose received by such people as a re-
W Sult of the. nuclear facility itself and exc]\.swe of
other env1ronmenta1 ‘and medical exposure The FRC
Report No. 1 introduces the term “radioactivity con-
centration guide,” which is that concentration of
radioactivity in the environment resulting in an organ
dose equal to the “radiation protection guide.” This
definition permits a distinct step forward from the
more naive term “maximum permissible concentra-
tion” (MPC). The MPC’s recommended by both the
Nzational Committee on Radiation Protection (NCRP)®
and the International Commission on Radiological
Protection (ICRP)* are limited to drinking water and
air, whereas the radioactivity concentration guides
recognize other exposure pathways. The uncertain-
ties involved in determ'm'ing the amount of internally
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deposited radioactive material {from various pathways
were clearly recognized by the FRC, and for this
reason the staff report avoided specific numerical
recommendations for radioactivity concentration
guides. Instead, installations were invited to perform
the necessary exercises to establish their own con-
centration guides on the basis of the situation in which
they operated.

The second staff report of the FRC was issued® in
September 1961. This report introduces the concept
of graded action guides defined in terms of ranges
representing fractional approaches to radiation-pro-
tection guides.® Range I is defined as follows:

Intakes falling into this range would not under normal
conditions be expected to result in any appreciable num-
ber of individuals in the population reaching a large frac-
tion of the RPG [radiation protection guide). Therefore,
if calculutions based upon a knowledge of the sources of
release of radioactive materials to the environment indi-
cate that intukes of the population ure in this runge the
only sction required is surveillunce edequate to provide
reuasunable confirmation of calculations.

Range Il is defined as: - :

Intakes falling iInto this range would bLe expected to
result in average exposures to populalion groups nut ex-
ceeding the RPG. Therefore such intukes call for active
surveillance and rout{ne control.

The report proceeds to define the surveillance pro-
gram that would be appropriate to effect the control
in Range II and then defines Range {II as follows:
Intakes within this range would be presumed to result
in exposures exceeding the RDPG if continued for & suffi-
cient period of time. However, transien! rates of intake
within this range could occur without the population group
exceeding the RPG If the circumstances were such that
the annual average intake fell within Range Il or lower.
Therefore, any intake within this range must be evaluated
from the point of view of the RPG and if necessary,
appropriate positive control measures Instituted.

From the publications of the FRC, it is clear that
nuclear installations should be in a position to evalu-
ate the environmental consequences of their operation
in terms of exposure to the local population. In some
. cases this should be a dose estimate, whereas in
other cases it may be a comparison with radioactivity
concentration guides. AEC installations are provided
with regulations governing their environmental safe-
guards in AEC Manual Chapter 0524. Installations
operating under license issued by the AEC or, in the
case of agreement states, under state license, are
regulated’ by Title 10, Code of Federal Regulations,
Part 20 (10 CFR 20) or the appropriate state regula-
tion based on this federal code. These regulations

provide tables of concentration values for air and

water equivalent to MPC's.

Exposure Pothwoys

The dose received by people in the neighborhood of
a nuclear facility may reach them by a variety of
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CONSEQUENCES OF ACTIVITY RELEASE

pathways. The identification of pathways and their
evaluation in termis that permit their effects to be
summed represents the technical process of en-
vironmental dose evaluation. It is, of course, neces-
sary to identify critical organs, as well as to evaju-
ate total body doses. In some cases the pathway
represents the direct exposure of people to radio~
activity in the air or surrounding environment. For
example, the movement of a cloud of radioactive gas
will resull in the direct irradiation of people in its
path, as well as lung irradiation from breathing the
radioactive material, When the radioactivity istrans-
ported by water, 'a direct radiation dose may be re-~
ceived by people as a result of an accumulation of
radioactive debris on exposed surfaces near or in
the stream. For example, the doses received by
swimmers submerged in the water, water skiers and
boaters on the water, and fishermen standing at the
edge of the stream should be considered. Clearly,
part of the techunical investigation of the exposure
received from these pathways involves a study of the
habits of the population.! The length'of time that can
be reasonably ascribed to such exposure for the
average member of the population and for the critical
population group must be estimated,

Of additional interest is the radiation dose that
may be accumulated by segmehts of the population as
a result of the ingestion of radioactivity in foodstuffs.
The procedure for evaluating the internal dose con-
tribution requires data from a statistically valid
monitoring program to determine the seasonal con-
centration of radionuclides in the foodstuffs con-
tributing to each pathway. This normally involves
selecting and épply&ng 4 sampling routine, together
with the proper analyses of samples for radionu-
clides. Knowledge of the seasonal changes of radio-
activity levels in samples of foodstuffs represents
only the beginning in this evaluation, however. It is
necessary either to estimate or to measure the con-
sumption levels of each of the foodstuffs of interest
by members of the population and to obtain by some
means* a Eonsumptxon distribution pattern. Next, by
applying the calculation techniques described in the
ICRP Committee II Report' and elsewkere, it is
possible to estimate the organ burdens and the re-
sulting ox’g'an dose. It then becomes possible to sum
the dose received by each organ from each pathway
and each radionuclide,

In this technique the greatest source of uncertainty
is generally the middle step, the estimate of con-
sumption levels of various segments of the popula-
tion. Techniques for adeguately sampling and ana-
lyzing radioactivity in the environment are well
established. Likewise, the methods for determining
the resulting body burdens from the consumption of
various radionuclides are widely accepted, and stud-
ies of the metabolism of specific materials will
continve to improve these methods. The intervening
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CONSEQUENCES OF ACTIVITY RELEASE

step, however, that of eliciting consumption data
which may be statistically valid, has not been widely
studied. Most investigations of dietary levels have
been aimed at determining broad populationaverages.
These averages may be helpful in the dose evaluation
problem, but the consumption level distribution within
the population is also needed.? Special dietary inves-
tigations are particularly important where a pathway
involves a specific limited source of foodstuffs. For
example, a pathway for radioiodine may be milk from
a limited number of dairies. It becomes necessary
to identify the consumption of milk from a specific
source in such a case.

Ultimately, the organ dose received through all
dietary and environmental pathways must be summed. '
In this way the prominent pathways, those contributing
most significantly, are identified. "In general, this
permits limiting the materials that must be sampled
and analyzea to only those affecting the prominent
pathways. In response to the recommendation of the
ICRP, it is desirable to calculate the average dose
from both external and internal sources for the bopu-
lation living in the vicinity of the plant, as well as the
maximum dose to an individual in the population. It .
is not necessary to seek out and identify the “maxi-
mum individual,” but it is necessary to discover that
critical population group whose particular diet and
recreational habits maximize their exposure to radio-
activity in the environment.' The calculated average
dose for this critical population group is referred to
as the “estimated dose to the maximum individual”

Rodiooctivity Concentration Guides
end Meximum Permissible Concentrotions

At {irst glance the radiocactivity concentration
guides advanced by the FRC seem little different from
the maximum permissible concentrations defined by
the ICRP and NCRP. In both these expressions a
numerical value is developed that relates environ-
mental concentration to the basic standard of dose.
The convenience of having numerical concentration
standards tabulated and published by an authoritative
commission has led to wide application of MPC’s.
Two MPC’s are normally quoted: MPC,., which is the
maximum permissible concentration for drinking
water; and MPC,, which is the maximum permissible
concentration for air. Both these values are based on
radioactivity ingestion by a *standard man” and the
resulting dose received by this hypothetical indi-
vidual, The air inhalation and water consumption
rates of other members of the population are to some
extent related to their body size, and thus the stan-
card-man concept has some built-in compensations.
However, it is generally recognized that the applica-
tion of MPC’'s based on the standard-man calcula-
tions contain uncertainties that should be examined
before wide application to the general public. There
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ts a distinct risk in using MPC's outside of the lim-
ited application for which they were designed.

There are no published values for radicactivity
concentration guides. These concentrations are de-
rived from a study of all the pathways whereby radio-
activity in the environment may expose members of
the population, The appropriate concentration guide
is that concentration which restricts the resulting’
dose to the appropriate limit when all pathways are
summed. Each environmental circumstance must thus
be examined and concentration guides developed for

each installation, _ —.
It may be appropriate to look at a few examples of

radionuclides in the environment to compare radio-

..activity concentration guides and maximum permis-

sible concentrations. There is some tendency to view
MPC's as a “conservative” guide against which en-
vironmental contamination may be compared. One
hears such phrases as, “Of course, nobody actually
drinks the water from that stream, but if they did
the radiocactivity concentration is enly a small frac-
tion of the MPC.,” The following examples are de-
liberately chosen to illustrate the fact that other
pathways may be more restrictive than air or drink-
ing water. In these cases the MPC's may be a very
unconservative measure of the environmental situa-
tion, -t

Suppose the radionuclide being discharged to a
stream was 2P, which has an MPC for drinking water
of 2x 107 ge/ml. If the river activity were main-
tained at this level and fish were caught from the
stream, on the average it would require less than
4 g of fish flesh per week to provide a standard man
with the same dose he would get from drinking the
water, This estimate is based on an assumed con-
centration factor for fish'' of 4000, Actual values
rahging from 1000 to 10,000 have been reported;”'n
Further, suppose that ®Zn was being discharged to
the sea and that the ®°Zn MPC, {1 x 10~ ue/ml) was
the guide for limiting seawater contamination. If the
seawater were maintained at its MPC, for an ex-
tended length of time and oysters were harvested
from it, it would require less than 1 g of oyster
flesh per week to provide a standard man with the
same dose he would obtain if he were to drink the

-water. This'calculation is based on the: oster con-

centration factor for ®Zn of 17,000 to 40,000 re-
ported in the literature.’*s** If the facility were dis-
charging '"®Ru to the sea rather than ®Zn, the
pathway of concern could become seaweed. In parts
of Britain, seaweed is consumed in rather large
amounts.’!7 If seawater were maintained at the
MPC,. for '"Ru, 1x 10™° uc/cm®, with the reported
concentration factor'®s'* of 2000, a standard man
would need to eat only 7.7 g of seaweed per week in
order to obtain the same dose he would obtain from
drinking water at the MPC,. Consider the situation
of a pasture near a nuclear facility discharging
radioiodine to the atmosphere. If the discharge were
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384 CONSEQUENCES OF ACTIVITY RELEASE

such that the '¥'I concentration in the air over the
pasture grass was maintained at its MPC,, 1 x 1071
pc/cm’, a standard man would have to drink only
40 ml of milk per day from cows grazing on that
pasture to get the thyroid dose of 1.5 rems per year
recommended as a limit by the FRC., A small child
with a 2-g thyroid would need to drink only 4 ml of
milk per day to get the same dose.””**®

The standard against which environmental situa-
tions are evaluated should be related as directly as
possible to the basic standard of dose. This is the
essence of the radiocactivity-concentration-guide con-
cept. Irthe instances cited above, the tabulated values
of MPC may be useful as appropriate guides, but they
clearly are not conservative measures of the dose
resulting to the local population. Four examples have
been cited here that have been investigated and docu-
mented in which other pathways are more significant
than drinking water or breathing air. One justification
for increased use of the radioactivity-concentration-
guide technique is the wider study of pathways that
would result, Such a study could well reveal other
situations of this kind. It is known that the four means
described above of concentrating radiopuclides in an
environmental pathway exist, but there is no assur-
ance that there are not others which have remained
undetected.

Environmental Dose Estimates

In practice, most U. S. nuclear installations do not
routinely evaluate environmental dose. Most of these
installations release such a small amount of radio-
activity to the environment that the labor of making
detailed dose estimates does not seem justified. In
these instances the facilities would fall well within
Range 1 of the FRC scale for evaluating environ-
mental situations. There are a few installations
where scientific calculations are currently being
made to evaluate dose and others where studies are
being performed that have a bearing on dose esti-
mates.

If the amount and complexity of radioactivity in the
environment warrants regular detailed dose evalua-
tions, the evaluations may be made either througl

annual estimates of dose or by 2 single investigation’

{ollowed by annual comparisons against this standard.
The first approach is used at Hanford, where yearly
dose estimates are performed and reported. The
second approach is used at Oak Ridge, where annual
environmental data are compared with the results of
the Clinch River study,21 which was a detailed analy-
sis.

The guide {followed by a nuclear installation
concerning environmental surveillance requirements
limits attention to the dose contribution {rom that
site. There are, however, other dose contributions
in the environment which may be larger than that
originating at the puclear site. For example, all

Notfenr Snfelr, Vol ¥, No. 8. Sepl. =Uci. v

sites receive a dose contribution from radioactive
fallout from nuclear weapons tests. In addition,
there is always a natural buckground contribution.
The natural background and fallout contributions can
seriously interfere with an environmental surveil-
Jance program when the amount of radioactivity re-
Jeased by a site is extremely small.?® Some helpful
information is regularly provided by federal ugencies
responsible for evaluating the significance of fallout
dose.

A study is in progress at the Health and Safety

Laboratory of the AEC in New York City to assess
the radiation doses to bone from ’Sr fallout, Workers

. there have utilized the results of systematic mea-

surements of YSr fallout rates and cumulative de-
posit, contamination levels of foods, and the skeletal
g, concentrations of people in these studies. From
results obtained over a 10-year period, they have
constructed models to predict both the distribution of
fallout with time and the resulting radioactive con-
tamination of diets. From diet studies and the *Sr
levels in foods, they calculate the strontium concen-
{ration in bone and compare the calculated concen-
trations with measured values. Radiation dose rates
{rom known concentrations in bone can then be cal-
culated for specific bone tissue: Total doses are cal-
culated by integrating the dose rates over time. They
estimate that the average 70-year dose to mineral
bone of New York City residents {rom atmospheric
nuclear tests conducted to date is about 170 mrads.
The maximum 70-year dose will probably be re-
ceived by persons born in 1963 and is expected to be
about 400 mrads. They estimate that these doses are
fairly typical for people living in the north temperate
zone and having a western type of diet.?

The U. S. Public Health Service regularly pub-
lishes data on fzllout concentrations in Radiological
Health and Dala Reporis. The data are provided by
various federal and state agencies. collecting infor-
mation pertinent to the evaluation of {fallout. For
example; 4 bovine thyroid network is operated by the
National Center for. Radiological Health in conjunc-
tion with the U. S. Department of Agriculture. The
network consists of broad collection areas often

Mocated nedr large nuclear facilities but'al$o covering
geographical areas throughout the United States. The
network is considered to be basically an alert sur-
veillance operation for '*'I. High levels of '*'I ob-
served in the past few years usually correspond to
Ioreign'nuclear tests. For example, Fig. 1 shows the
data obtained during May and June 1966 following an
announced foreign nuclear test.” The curve shows
the bovine thyroid concentration measured in Region
IV (Georgia, Mississippi, and South Carolina) to-
gether with 137 soncentrations in milk samples {rom
the same region. Thus these data reveal two steps in
the grass-cow- milk—-man pathway by which 1y
may contribute to human exposure. This particular
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milk concentration pattern is estimated to provide a
thyroid dose of 18 mrems to the 20-g thyroid of a
standard man,

The National Center for Radiological Health also
gives consideration to exposure and resultant dose
ifrom the expanding nuclear power industry caused
by overlapping and interaction of exposure from
several nuclear facilities in close proximity. The
desire is to develop procedures for evaluating cumu-
lative exposures to some critical population that
would fall in the sphere of influence of more than one
source of radioactivity. A preliminary publication of
this kind® provides information concerning the dose
estimated from exposure to "Kr as the nuclear in-
dustry expands. This analysis estimates that the
annual dose from %*Kr will build up to 30 to 100 mrads
by the year 20860.

Environmental Surveillonce Studies

A recent analysis of environmental dose resulting
from radioactive waste disposal at various installa-
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tions was provided by Ophel.’® He reported environ-
mental surveillance data for four American locations
and one Canadian location in terms of dose. In stud-
ies of this kind, it becomes necessary to make very
preliminary estimates of consumption levels for those
environmental situations for which dietary survey
data are not provided, and only an upper limit can be
set on the environmental dose. The following sections
summarize some of the environmental surveillance
programs in the United States with regard to their
evaluations of dose,

OAK RIDGE NATIONAL LABORATORY

A detailed study was made by the Clinch River
Study Steering Committee to investigate the pathways
whereby radionuclides discharged to White Oak Creek
from the Oak Ridge facility could cause exposure of
the downstream population. A comprehensive report
of this study was issued in April 1967 by Struxness
and his associates.?' The Committee found that the
radionuclides of principal concern at this site were
generally long-lived fission products. Their study in-
cluded evaluation of consumption levels of various
foodstuffs through which these radionuclides reach
people. Figure 2 is a family.of curves taken from
this report which illustrate the estimated annual dose
received by various population groups as a result of
%5y concentrations in the Clinch River. The influence
of age of the individual evaluated is clearly depicted.
The importance of knowing the makeup of the affected
population can be assessed by comparing the dose
curve of a standard man with that of a 14-year-old
boy. From this detailed study it is possible to evalu-
ate the environmental situation by comparing sur-
veillance data with those used in the Clinch River
study. For this reason, ORNL does not reproduce an
annual dose evaluation.

This procedure is satisfactory because of the rela-
tive simplicity of the isotopic mixture that needs to
be considered. If the mixture of radionuclides changes
in an important way from year to year, evaluation by
direct comparison is inappropriate. In 1966 the gase-
ous and liquid waste released from ORNL was such

‘ithat the edficéntration of radioactive matérials in the
environs was well below maximum levels recom-
mended by the NCRP and FRC. For example, the
average concentration of radioactive materials in the
atmosphere at the X-10 site was less than 1% of the
maximum permissible for persons residing in the
neighborhood of an atomic energy installation, andthe
concentration was even lower at the perimeter of the
controlled area. The calculated average concentra-
tion of radicactive materials in the Clinch River
at the point of entry of White OCak Creek was less than
2% of the maximum permissible for persons residing
in the peighborhood of an atomic energy installa-

tion.? .
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The amount of radioactive material discharged to S 2ne— - VEG.
the environment from Argonne National Laboratory o AND
is normally very small, It is largely limited to efflu- :‘_'W,LW FRUIT
ent discharged to Saw Mill Creek, which runs through
the Argonne grounds and enters the Des Plaines River
about 500 yards downstream from the wasie-water :
discharge.? In 1964 the radionuclide that contributed 1/10 OCCUPATIONAL
the most radicactivity to this creek was tritium. INTAKE AEC-ICRP
During the first © months of 1967, the average con-

BONE

* -
centration of tritium in this creek represented 0.8% K\,::;“:
of the appropriate MPC, and the maximum concen- TotAL .-Fispf;:_
tration observed was 15% of the MPC.% . BODY AR

Other radionuclides monitored in this environment
included %Co which had a maximum concentration
representing 0.20% of the MPC and *°Sr which had a
maximum concentration representing 0.8% of the

500 MREMS PER
YEAR AEC-FRC

%
|
1

MPC. The Sr was zlmost entirely from fallout. G

Argonne does not evaluate population dose as part of Sice - '::-_»'\FRU!T

its surveillance program, o ?ﬁ? MILK
TRACT

HANFORD FisH.J

1500 MREMS PER
YEAR AEC-FRC

Radioactivity enters the environment from Hanford
by way of the atmosphere from chemical-separations-
plant and reactor stacks and by way of the Columbia: . [T
River, which receives reactor cooling-water dis-
charge. Hanford publishes an annual evaluation of
radiological conditions which gives an annual dose THYROID
estimate. The dose to a typical Richland resident is (INFANT)
estimated and is identified as the average dose re-
ceived by a suitable sample of the local population.

The dose received by a “maximum individual” is also 1500 MREMS PE
estimated in which the combined contribution of vari- YEAR AEC-FRC

ous pathways is maximized in a realistic way by *ALL OTHER NUCLIDES

assuming extreme dietary and recreational habits. OR FOODS

Figures 3 and 4 show the environmental dose esti-

mates for 1966. Doses are reported for those four Fig. 3 Extimated dose to maxivonn imdividoal al Hanrord
organs for which the estimated doses most closely in 1904, .

Nutlear Salety, Vol. 9, No. &, Sept. ~Ocl. 1568
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Fig. 4 Estimaled dosc to typical Richland, Wash,, resident
in 1906,

approach the appropriate limit. Most of the dose
received by people as a result of Hanford’s operation
reached them by way of the Columbia River, although
some thyroid dose was received as a result of
airborne 1.

The consumption levels on which these doses are
tased are estimates, and studies are under way at
Hanford to improve them. Figure 5 shows the diet
questionnaire requested of adults given whole-body
counts at Hanford. Several thousand estimated con-
sumption levels have been obtained in this way and
are entered in a computer program. Currently, a
study is under way to determine the average annual
dose that would be calculated if the 1966 environ-
mental contamination levels were applied to each
individual diet estimate. This is largely a study of
plant employees, since most of the whole-body count-

jng data are obtained from those working for various
Hanford contractors.

A research program is under way to extend these
data to children. For this purpose, the local elemen-
tary schools are contacted and 2 cooperative program
is arranged in which children are asked to provide
dietary information and are given whole-body mea-
surements. Figure 6 shows the diet record card
these children are asked to complete., They keep a
7-day record of pertinent foodstuffs for this purpose.
Later, a mobile whole-body counter, shown in Fig. 7,
visits each school and the children are measured.
Correlations between body burdens of radionuclides
and consumption levels of various foodstuffs help to

! jdentify important pathways.,

The Hanford surveillance program is appropriately
directed to dose evaluation hecause of the complexity
of the pathways involved and the variable mixture of
radionuclides that cannot be adequately evaluated by
other means. The site is currently near the lower
bound of Range 1l as defined by the FRC. In 1866 the
estimated average dose to the population in the vi-
cinity of the Hanford plant was 9% of the limit for an
infant's thyroid, 7% of the limit for the GI trauct,
2'% of the limit for whole-body exposure, and 0.8% of
the limit for bone. In the case of the maximum indi-
vidual, who was assumed to eat 200 meals per year
of fish caught in the Columbia River, the radionu-
clides and resulting doses were somewhat different.
Estimates revealed that the maximum individual
probably received 10% of the appropriate limit to
bone, 7% of the whole-body limit, 6% of the infant
thyroid limit,- and 5% of the GI tract limit. Some of
these values are very sensitive {0 the consumption
levels estimated for specific {oods, %

NATIONAL REACTOR TESTING STATION

The environmental surveillance problem at the
National Reactor Testing Station (NRTS) involves
seeking very low levels of radionuclides in a large
environmentkl area. The concentrations resulting
from the operation of the facility tend to be masked
by fallout. As a result, a regular evaluatior of dose
is not made. A research program is under way at

INRTS 40 study the atmospheric releasé’s! fission

products from reactors. In particular, the behavior
of %] released from reactors has been studied under
very realistic conditions.

The study of the behavior of radiciodine in the
environment was initiated to provide better under-
standing of the behavior of '¥'] under the conditions
of an emergency release. The study is referred to as
the “Controlled Environmental Radioiodine Test” and
was established at NRTS in 1863. The primary ob-
jective is to study the kinetic behavior of radioiodine
as it moves through the air-grass-cow—milk—
human chain. In these studies they are defining and
quantitating the meteorological, physical, chemical,
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WASKMING TON

MICHMLAND,

THE INFLUENCE OF DIET ON RADICACTIVITY IN PEOPLE

THID QUISTIONSAIRE 15 TO COTAIN DIET INFOMMATION YO SUPSLEMENT YOUR WHOLE-BODY COUNTING RESULTE, THE DaTA 4RE OF REAL
SCIENTIFIC YOLUL TO MELS UL UNDERITAND THE WAY PEOPLE TAKE UP RADICACTIVITY FAOM THEIR FOOD,. AND MOW LONG IT 13 mETAING
€0 In THMEIR BODIES. WE CAN DO THIL BY MELATING THE MINUTE aMOUNTS OF RADICACTIVITY MEASURED BY THE WROLE - BDOY COUNTER
TO INDIVIDUAL DICTS. wrEN 4 LARGE NUMBER OF THEIL RELATIONINIPS ARE OB TAINED WE CAN DETEAMINGE BICNIFICANT AVERAGTS.
TYEN THOUGH IT 13 MOY SOS3IBLE TO PROVIDE #RECIIE ANSWERS, WE APPRECIATE YOUR GIVING THE &
FOLLOWING QUEBYIONE, TAY YO AVERACGE YOUR DIFT THROUGHMOUY THE YEAR WITHOUT BLING UNDULY INFLUENCED BY RECENT SEASON-
AL FACTORI. 1T MAY HELP YOU TO UNDEARSTAND THE QUESTIONS IF YOU MEMEMBER THAT wi BMP LY wanwT 7O FInd OUT YOUR AVERASK
CONSUMPTION RATE OF CEATAIN FOODITUFFS AND WHERE THESE FOODI WERE FRAODUCED.

T EPTIMATES YOU CAN TO THE

NAME

BOC. BEC. ~O.

OATE

=OME ADDRESS

FAYROLL NO.

OCCUPATION

AGE Jnucnf Jw: 1anT SEX

!cnl-uov:o %%
-

]A-u

- ]BLDG.
PR .

l nestoewnceg wigTORY

! HAVE LIVED IN MY PRESENY COM-

2 ORINKING waATER

WHAT 18 THE SOUARCE OF DRINKING
WATER IN YOUR HOME?

MUNICIFAL SYSTEM

i GLASSES

AT

MUNITY FOR YEARS,
Oweee
.HOW MANY GLASSES OF WATER DO
BEFORC THAT | LIVED IN YOU DRINK PER DAYY
CiTyY ON A WORK DAY WHOW MUCHOF THIS
WATER L]
ron vEARS. daite DO YOU DRINK WHILE

Du'rﬂ_: Thowme Omosr oF 7

3 oTwem  LiQuUIDS

HOW MANY CUPS OF BEVERAGE MADE
FAOM TAP WATEA (COFFEE, YEA,
SOUP, KOOL~AID, ETC.) DO YOU ORINK
EER _RAY?

curs

HOW MUCH OTHER LIQUID DO YOU

DRINK (BOTTLED SOFT DRINXKS, JUICE,
BELER, ETC.)?

GLASSES

4 Mk

DO YOU DRINK PER DAY?
) : GLASSES

WHAT IS THE SOURCE OF YOUR
FRESH MILKY
COMMERCIAL DLOCAL FARMS

WHICH BRAND OF COMMERCIAL MILK
OO YOU USUALLY DRINK?

HOW MANY GLASSES OF FREBM MILK

(DO NOT INCLUDE CANNED OR
POWDERED Mil.K})

5 weax

FOR HOW MANY MEALS A WELK DO
YOU EAT FRESK MECAT (OTHER THAN
CANNED OR CURED)?

®e woY IncLVEL ANED MEATD DUER &0 WEIN.
CAg, LunCu mgaY P TY Plunges)

MEALS -

HOW MUCKH OF THIS FRESH MEAT

is BEEF? NONE LITTLE
MOST

WHERE DO YOU CBTAIN YOUR

ALL OF IT
FRESH BEEFT MEAT MARKET
LOCAL FARMS

6 rmesm  vEGETABLES

FOR MOW MANY MEALS A WEEK DO

YOU EAT FRESH VEGETABLES (CTHER

THAN CANNED OR COMMERCIALLY
A

FROZEN? MEALS

FRESH FRULITY TIMES
- WMEAL. DO YOU OBTAIN MOST OF
YOUR FRESH VEGETABLES?

Dcnoc:nv DL‘OCAL FARMS
WHERE DO YOU OBTAIN MOST OF
YOUR FRESH FRUITY

Dcnoc:nv DLO:AL FARMS

7 searpop

ABOUT HOW MANY TIMES A YEAR DO
YOuU EAT THE FOLLOWING SEAFOODST

B game pinps

HOW MANY TIMES A _YELAR DD YOU
EAT THE FOLLOWING GAME SIRDS?

9 coLumMBla miveiR ¥ sy

HOW MANY TIMES AYEAR DO YOU EAT
FISH CAUGHT INTHE COLUMBIA RIV=

IDENRTIFICATION CODE

A~ L] c e [ r G -

NA=14

IN=LS

Ce~13?

a0

PRINCIFPAL PART OF A MECAL?

WHEN WAS THE LAST TIME YOU ATE SEAFOOD

ER BELOW HANFORD (OTHER THRAN
FRESH OYSTERS TIMES puck Times
COMMERCIAL FISwm?)
FRESH CRAR TIMES GOOSE TIMES ABOUT TIMES
WHAT KINDS OF FiSw WERE THEY!?
FRESM ClLAMS TIMES PHEASANT 'I’I_M[s
N vy Sl *Q,Y’N‘
[DO NOT INCLUDE FiSk OR CANNED auaiL Times saimeon TECimzan
sTuseton PRI a4
©OR COMMERCIALLY FROZEN SEAFOOD, CHUKKAR OR oa s Cwaemig
ans T
INCLUDE ONLY THAT FROM NEARBY GROUSE TIMES s
e - L2 3T I PR
PACIFIC SOURCES.) Wi ™ PR -
CATEIpw oTHER
rom secvion use owpy. . |J0 . gTmen Tiown - - .

(CTHER THAN FISH) AS TwmE

WHICK SEAFODD WAS IT?

WHHEN WAS THE LAST TIME YOU ATE FISN FROM THE COLUMBIA RIVER?

IT By FREEZINGY vYES

Owo

NG

CANMINGT €3

WHEN YOU OBTAIN SEA FOOD OR LOCAL FISH DO YOU USUALLY PAESEAVE

SMORINGT YES ~D

(10=-10.3)

AB=1200-109

Fig. 5 Diet questionnaire given to each person counted in Hanford's whole-body courzte'r;.
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Fig. 6 Recovd form for children in schoolrooms. Cousmmuplion is recorded fur 7 odays.
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Fig. ¢ Shadow-shicld whole-body counler monnled in a
{rack thal way b morved Lo varions schools Lo perwil mea-
surcmenl of radioacticity body buveens in children,

and physiological variables that control the k{netics
of ™ in its movement through the environment. They
are using the results of the studies to develop mathe-
matical models that will allow realistic population
dose evaluations for any kind of **'I release. Their
experimental facilities include 2 17-acre dairy farm
_on which a herd of registered Holstein dairy cows is
maintained during the summer. The remote location
of the farm makes it ideal for use in releasing known
quantities of radiciodine to the atmosphere during
meteorological conditiong in which the radicactive
cloud passes over the pasture. A fraction of '¥I
" deposits on the grass and begins its movement
-through the food chain. Some experiments have in-
cluded human volunteers who breathed the radio-
active cloud as it passed over the pasture and drank
milk produced from the contaminated pasture grass.
The principal results that have emerged to date from
this study include the following:¥!
1. The deposition velocity of **'I is directly pro-
portional to wind speed.

2. The concentration of ™' in air during a con-
tinuous release is inversely proportional to wind

speed, so the total relative quantity of **'I deposited,

in a given area is independent of wind speed.
3. The fraction of ingested radioiodine taken up by
the thyroids of the volunteers was 0.19 = 0.04.

SAVANNAN RIVER LABORATORY -

The radionuclides reaching the environment from
Savannah River's installations represent a simple
problem in dose evaluation for the most part because
the radionuclide mixture is relatively constant and
includes only a very few nuclides. The environmental
dose is not actually reported on an annual basis, but
the extent to which the dose contributes to environ-
mental contamination is evident from a report on the
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effects of the Savannah River Plant® for the first
half of 1967. The bulk of the radioactivity detected in
the environs is tritium, which did not exceed 1.1% of
the MPC 'in atmospheric samples at the plant perime-
ter and at 25-mile stations. In the Savannah River,
tritium and YCr concentrations averaged 1.2 and
0.001% of the MPC, respectively.
The Savannah River Laboratory (SRL) has adopted
a comprehensive list of guides for the release of
radioactive materials that is based on dose to the
environmental population. These guides can be im-
plemented at Savannah River because the site has the
ability to control the release of radioactive materials
. at the source through the use of ion exchange, con-
‘ centration by evaporation and storage, and use of
seepage basins. These dose-related guides perform
some of the same functions as annual dose evalua-
tions. The MPC’s utilized at Savannah River are
derived from ICRP recommendations or daily intake
guides established by the FRC. In those cases where
ICRP recommendations are used, the occupational
MPC for a 168-hr wgek is reduced to a level that
would limit the dose tp a value less than the maxi-
mum recommended by the FRC for the general popu-
lation. Health physicists at the Savannah River in-
stallation do make periodic calculations of dose to
the public based on a.n;'lysis of air, river water, and
fish, but these calculations are not published. Since
SRL's adoption of very' conservative release guides,
the calculations of dose are made for the information
of SRL’s own health physicists to assure that re-
leases are not contributing any significant exposure
to the public.”

Conclusions

At the present time, only a limited number of U. S.
nuclear installations feel consirained to evaluate
environmental dose on an annual basis, As the nu-
clear industry grows, it is probably going to be
necessary: %o extend the determination of environ-
mental ‘dose to other sites. In those cases where
operations of more than one installation imipinge on
the same environment, the use of dose as a parame-

‘iter for<ewaluation will become of great-importance.
The primary advantage of dose evaluations is the
ability they provide to sum the contributions of a
variety of radionuclides and a variety of pathways.
The f{ollowing benefits may be derived from the
adoption of environmental dose as a surveillance
evaluation parameter:

1. Through an exhaustive evaluation of dose, it is
possible to demonstrate the range in which a given
installation should be placed according to the FRC’s
definition. Knowledge of the range permits the adop-
tion of the corresponding action guides proposed by
FRC and the surveillance requirements recommended
by the FRC, .
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2. Through performing the exercise of estimating
environmental dose, it becomes evident which of the
available pathways are of greatest significance; this
permits optimization of the monitoring program.

3. The development of increased interest instudies
Jeading to dose evaluation will give added assurance
that those environmental pathways which contain
mechanisms for concentrating radionuclides are be-
ing detected. )

4. In a period of rapid growt.h of the nuclear in-
dustry, the possibility of a population becoming’

exposed to radionuclides from a multitude of sources

is increased. An environmental surveillance disci-
pline based on dose evaluations permits easy accom-

ment. RN LT
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