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A Survey of Environmental Dose Evafuations 
I L . .  

By J.  f. Honrttod' 

The techniques employed in monitoring the environ- 
ment of a nuclear installation and interpreting the 
monitoring data a r e  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 o r  two objectives being of overriding importanct: 

. -  

'J. F. Honstead has been associated with radiatlon- 
pro:ection work since 1950. uhen he began worlnng for 
the General Electric Company at Hanford. In addltion to 
environmental research and radiological engineering work, 
he has supervised research studies in geophysical and 
geochemical fielas at Hnnford. In 1962 X l r .  Honstebd began 
a 2-year assignmeht with the International Atomic Energ?. 
Agency in Viennn. Austria, a s  a senlor officer in the Divi- 
sion of Health, Safety. and Uaste Disposal. Upon returning 
to Hanford he worked as a research associate in studies of 
the mechanisms of environmental exposure and i s  currently 
Manager of Environmental Siudles Sectlon. He is now 
affiliated with the Pacifi'c Northwest Laboratory of Battelle 
3iemorlal Institute. which replaced the General Electrlc 
Company a s  operator of the Hanford research laboratory. 

The environmental surveillance program i s  some- 
t imes tied to  the regulatory climate in which the 
facility operates. In pther cases- the environmental 
program may be a final s tep in the control of radio- 
active effluents. Some objectives a r e  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 s ta tus  of environ- 
mental dose evaluation at some U. s. s i tes  and re -  
por t s  some of the techniques employed. 

The publication of Federal  Radiation Council (FRC) 
Report No. 1 in May 1960 gave Emphasis to the ap- 
plication of dose calculations for the evaluation of 
environmental monitoring data. I The FRC was formed 
under Public Law 86-373 in 1959 t o  ", .. advise :he 
President with respect to  radiation matters, directly 
o r  indirectly affecting health, including guidance for  
all federal agericies in the formulation of radiation 
standards and in  the establishment and execution of 
programs of cooperation with States . , . ." The f i r s t  
report  of this Council provided Radiation Protection 
Guides fo,r,both individual members  o! the population 
and the' population average for  those people living in 
the vicinity of a nuclear installation.' The guides a r e  
based on the dose received by such peo?le a s  a r e -  

L,,sult of t)-q..,nuclear facility itself and .ex~lusive of 
other environmental and medical exposurk: The FRC 
Report No, 1 introduces the t e r m  "radioactivity con- 
centration guide," which i s  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 t e r m  "maximum permissible concentra- 
tion" (MPC). The MPC's recommended by both the 
National Committee on Radiation Protection (XCRP)' 
and the lnternational Commission on Radiological 
Protection (ICRP)' a r e  limited to drinking water and 
a i r ,  whereas the radioactivity concentration guides 
recognize other exposure pathways. The uncertain- 
t i es  involved in determinhg the amount OS internally 
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deposited radioactive material from various pathways 
were clearly recognized by the FRC, slid for this 
reason the staff report avoided specific iiunierical 
recommendations for r a d  i o a  c t 1 v i t  y concer~tratioe 
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 ternis  of ranges 
representing fractional approaches to radiation-pro- 
tection guides.6 Range I is'defined as follows: 

Intakes falllng Into thls range would not under normal 
condltions be expected to result in any appreciable num- 
ber of Individuals In the populaflon reachlng a large frac- 
tion of the RIG lrndlatlon protection guide]. Therefore, 
if calculations based upon a knowledge of the sources of 
release of radioactlve materials to the envlronment Lndl- 
cicte 1h:it Intakes of the poplatlon ure In thls ritnge the 
only action required Is swrvelllunce sdequnte b provide 
reusonnble confirmation of cslculntlons. 

Range I1 i s  defined as: ' 

Intakes h l l l r q  Into this range would be expected to 
result in average exposures to ppuluUon groups not ex-  
ceeding the RPG. Therefore such Intakes call  for active 
surveillance and routine control. 

The repori proceeds to define the surveillance pro- 
gram that would be appropriate to  effect the control 
in Range II and then defines Range I11 as follows: 

Intakes within thls range would b presumed to result 
in  exwsures exceedfng the RPG if continued for a suffi- 
cient period of time. However, transient rates of intake 
wlthln thls range could occur wlthout the population group 
exceeding the RPG if the circumstances were such that 
the annual average Intake fell within Range I1 or lower. 
Therefore, any intake within this range must be evaluated 
from the point of view of the RPG and if necessary, 
appropriate positlve 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 t e r m s  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 a r e  provided 
with regulations governing their environmental saYe- 
guards in AEC Manual Chapter 0524. Installations 
operating under license issued by the AEC or ,  in the 
case of agreement states, under s ta te  license, a r e  
regulated' by Title 10, Code of Fcrlcrnl Rcgulatiotzs, 
Par t  20 (10 CFR 20) or the appropriate s ta te  regula- 
tion based on this  federal code. These regulations 
provide tables of concentration values for air and 
water equivalent to MPC's. 

PJthwdyS. The identification of pathways and their 
evaluatioii in ternis  that permit their effects to  be 
su~iinied represents  the teclinical process  of en- 
vironnieiital dose evaluation. It i s ,  of course, neces- 
sa ry  to identify critical organs, as well as to evalu- 
ate totill body doses. In some c a s e s  the pathway 
represents  the direct exposure of people to radio- 
activity in the a i r  o r  surrounding environment. For 
example, the movement of a cloud of radioactive gas  
will result in the direct irradiation of people in i t s  
path, as well a s  lung irradiation f rom breathing the 
radioactive material. When the radioactivity i s  t rans-  
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 s t ream. For example, the doses  received by 
swinimers submerged in the water, water sk ie rs  and 
b i t e r s  on the water, and fishermen shnding at  the 
edge of the s t ream should be considered. Clearly, 
part of the technical investigation of the exposure 
received Iron] these pathways involves a study of the 
Inbits of the population.' The lengthbf time that can 
be reasonably ascribed ' to such exposure for the 
average member of the population and for the cr i t ical  
population group must be estimated. 

Of additional interest is the radiation dose that 
may be accumulated by segments of the population a s  
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 applying n 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 evaluztion, however. It i s  
necessary either to  estimate o r  l o  measure the con- 
sumption levels of each of the foodstuffs of interest  
by members  of the population and to obtain by some 
m e a n s  a' Eonsumption distribution pattern. Xext, by  
applying the calculation techniques described in the 
ICRP Committee XI Report' and ekewnere ,  i t  is 

. i&, possib1,e .to estimate the organ burdens and the r e -  
rmlthg b i b n  dose. . I t  then becomes p<sSible to sun1 
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, :he estimate of con- 
sumption levels of various segnients of the poyula- 
tion. Techniques for  adequately sampling and ana- 
lyzing radioactivity in the enviroi inie~~t  a r e  well 
established. Likeu'ise, the methods for determining 
the resulting body burdens from the cor~su~~>pt lon  Of 

Exposure Pathways various radionuclides a r e  widely accepted, and stud- 
The dose received by people in the r~elghborh& of ies  of the n , e t r b o l ~ s ~ n  of s&>eclfJc iii.iteriJk Will 

a nuclear facility may reach them by a variety of continue to improve these riietliods. The lrlter~elilllg 
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step, however, that of eliciting consumption data 
which niay be statistically valid, has not been widely 
studied. Most investigations or dietary levels have 
been aimed a t  determining broad population averages. 
These averages may be helpful in the dose evaluation 
problem, but the consunlption level distribution within 
the population is also needed.' Special dietary inves- 
tigatioirs a r e  particularly important where a pathway 
iiivolves a specific limited source of foodstuffe. 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. 

Ultinrately, the o r p n  dose received through al l  
dietary and environmental pathways must be summed. ' 
In this way the prominent pathways, those contributing 
most significantly, a re  identified. ' In general, this 
permits l i n i p i g  the niaterinls that must be sampled 
and analyzed to only those affecting the prominent 
pathways. In response to the reconinlendation of the 
ICRP, it is desirable to calculate the average dose 
from both external and internal sources  for the popu- 
lation living in the vicinity of the plant, as well a s  the 
maximum dose to air individual in the population. It 
i s  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. l o  The calculated average 
dose for this critical population group is referred to 
as the "estimated dose to the maximum individual." 

Rodiooctivity Concentration Guides 
e n d  M a x i m u m  Permissible Concentrations 

At f i rs t  glance the radioactivity 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 
nunierical value i s  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 a r e  normally quoted: MPC.., which is the i; 
maximum permissible concentration for drinking 
water; and htPC,, which is the maximum permissible 
concentration for  a i r .  Both these values a r e  based on 
radioactivity ingestion by a "standard man" and the 
resulting dose received by this hypothetical indi- 
vidual. The a i r  inhalation and water consumption 
rates  of other members  of the population a r e  to some 
extent related t o  their body size, and thus the stan- 
dard-man concept has some built-in compensations. 
However, it i s  generally recognized that the applica- 
tion of h5PC's based on the standard-man calcula- 
tions contain uncertainties that should be examined 
before wide application to the general public. There 

1s a distinct r i sk  in using MPC's outside of the lim- 
ited applicatlon for which they were designed. 

There are no published values for radioactivity 
concentration guides. These concentrations a r e  de- 
rived from a study of a l l  the pathways whereby radio- 
activity in the environment may expose members  of 
the  population, The appropriate concentration guide 
is that concentration which res t r ic t s  the resulting' 
dose to the appropriate limit when al l  pathways a r e  
summed. Each environmental circumstance must thus 
be examined and concentration guides developed for 

It may be appropriate to look a t  a few examples of 
radionuclides in the environment to compare radio- 

L. ;activity concentration guides and maximum permis-  
s ible  concentrations. There  i s  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 s t ream,  but i f  they did 
the radioactivity 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  restr ic t ive than a i r  o r  drink- 
ing water. In these cases the MPC's may be a very 
unconservative measure of the environmental situa- 
tion. 

Suppose the radionuclide being discharged to a 
s t ream was "P, which has  an MPC for drinking water 
of 2 X lo'* pc/ml. If the r iver  activity were main- 
tained at  this level and fish were caught f rom the 
s t ream,  on the average it would require  l e s s  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 i6 based on an assumed con- 
centration factor for fish'' of 4000. Actuai values 
rahging from 1000 to  10,000 have been reported.'''1J 
Further, suppose that "Zn was being discharged to 
the sea and that the "Zn MPC,. (1 x lo-' pc/ml) was 
the guide for limiting seawater contamination, If the 
seawater were maintained a t  i t s  MPC,. for an ex- 
tended l e g t h  of t ime and oysters were harvested 
from it, ' it  would require  less than 1 g of oyster 
flesh per week to provide a standard man k i th  the 
s a m e  dose he would obtain i f  he were to  drink the 
.water. Qhis'dalculation is based on the. ojsfer con- 
centration factor for "Zn of 17,000 to 40,000 re -  
ported in the l i t e r a t ~ r e . " " ~  If the facility were dis- 
charging 'O%u to the sea rather than b5Zn, the 
pathway of concern could become seaweed. In par t s  
of Britain, seaweed is consumed i n  ra ther  large 
amounts.16*1T If seawater were maintained at  the 
MPC, for '06Ru, 1 X pc/cm3, with the reported 
concentration of 2000, a standard man 
would need to eat  only 7 . 1  g of seaweed per  week in  
order  to  obtain the same dose he would obtain from 
dr inhng Gater a t  the MPC.,. Consider the situation 
of a pasture near a nuclear facility discharging 
radioiodine to the atmosphere. If the discharge were 

each installation. .. -_ 

.i 
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such that the "'I concentration in the a i r  over the 
pasture g r a s s  was maintained at  i t s  MPC., 1 x IO-'' 
uc/cma, 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 r e m s  per  year 
recommended a s  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."*'0 

The standard against which environmental situa- 
tions a r e  evaluated should be related as directly as 
possible to the basic standard of dose. This is the 
essence of the radioactivity-concentration-guide con- 
cept. irrthe instances cited above, the tabulated values 
of hlPC may be useful a s  appropriate guides, but they 
clearly are not conservative measures  of the dose 
resulting t o  the local population. Four examples have 
been cited here that have been investigated and docu- 
mented in which other pathways a r e  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 a r e  not others which have remained 
undetected. 

Environmental  Rose Estimates 

In practice, most U. S. nuclear installations do not 
routinely evaluate environmental dose. Most of these 
Listallations release such a small amount of radio- 
activity to the environment that the labor of making 
detailed dose esi imates 'does not s e e m  justified. In 
these instances the facilities would fall well within 
Range I of the FRC scale for evaluating environ- 
mental situations. There a r e  a few installations 
where scientific calculations a r e  current ly  being 
n;ade to  evaluate dose a n d  others where studies a r e  
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 a single investigatioh' 
followed by annual comparisons against this standard. 
The f i rs t  approzch is used a t  Hanford, where yearly 
dose estimates a r e  performed and reported. The 
second approach is used at  Oak Ridge, where annual 
environmental data a r e  compared with the resu l t s  of 
the Clinch River study,'' which was a detailed analy- 
sis. 

The guide followed by a n u c l e a r  installation 
concerning environmental surveillance requirements 
limits attention to  the dose contribution from that 
site. There a re ,  however, other dose contributions 
in the environment which may be la rger  than that 
originating at the nuclear site. For  example, a l l  

S - < t m r  .hjrlt. Vet Y, No 1. &.@ -011. )9u 
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s i tes  receive P dose contributioii front ridio;ctive 
fallout from nuclear weapons tests. 111 adclition, 
there i s  always a natural background contribution. 
The natural background and fallout contributions can 
seriously interfere with an environmental surveil- 
lance program when the ainount of radioactivity re- 
leased by a s i te  i s  extremely Some helpful 
information is regularly provided by federal agencies 
responsible for evaluating the significance of fallout 
dose. 

A study is in progress a t  the Health and Safety 
Laboratory of the,AEC in Few York City to  assess 
the radiation doses to  bone from '*Sr fallout. Workers 
there have utilized the resul ts  of systematic mea- 
surements of "Sr fallout ra tes  and cumulative de- 
posit, contamination levels of foods, and the skeletal 
"Sr concentrations of people in these studies. From 
resul ts  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- 
tration in bone and compare the calculated concen- 
trations with measured values. Radiation dose ra tes  
from known concentrations in bone can then be cal- 
culated for  specific bone tissue: Total doses  a r e  cal- 
culated by integrating the dose ra tes  over time. They 
estimate that the average 70-year dose t o  mineral 
bone of New York City residents f rom atmospheric 
nuclear t e s t s  conducted to  date i s  about 170 mrads. 
The maximum 70-year dose will probably be re-  
ceived by persons born in 1963 and i s  expected to be 
about 400 mrads. They estimate that these,doses a r e  
fairly typical for people living in the north temperate 
zone and having a western type of diet.'3 

The U. S. Public Health Service regularly pub- 
lishes data on fallout concentrations in R a d I O ~ O g ~ C d  
Health and Dafa Rcporfs. The data are provided by 
various federal and state agencies. collecting infor- 
mation pertinent to the evaluation of fallout. For  
example;' a' bovine thyroid network i s  operated by the 
Rational Center for. Radiological Health, in conjunc- 
tion with the U. S. Department of Agriculthie. The 
network ,co?sists of broad collection .?reas often 

,'lOcated'neA? large nuclear facilities buYalSo covering 
geographical a r e a s  throughout the United States. The 
network is considered to be basically a n  a l e r t  sur- 
veillance operation for  '% High levels of I3'I ob- 
served in the prs t  few years  usually correspond to  
foreign 'nuclear tests. For example, Fig. 1 shows the 
data obtained during May and June 1566 foHowing an 
announced foreign nuclear test." The curve shows 
the bovine thyroid concentration measured in Region 
IV (Georgia, Mississippi, and South Carolina) to- 
gether with I3'I concentrations in milk samples  from 
the same region. Thus these data reveal two s teps  111 

the g r a s s - c o u -  milk-man pathway by which "'I 
may contribute to  human exposure. This particular 

. .  
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Fig. 1 Aiierage "'J coriciwl idions UI bot*iiw thyroids urid 
milk for  Rcgiorc II' (Geoixio. Mississippi, acid Soctlli Caro- 
ILd JYOIJJ Alag 9 Io Jnrrc 30, 19iti. The corrcerrlralio~c prak 
is esiirrialed lo  haiw p r o r i d r ' d  18 ciweiirs lo a slaiidard 
ircaii's 20-g Thcscs data are par1 oJ' the U. S. 
Pitblic Hcalllr S c ~ r t ~ i c r ~  s l t t r l ~  ql/allo~iI jiorit tiaclcur trstr. 

milk concentration pattern is estimated to  provide a 
thyroid dose of 18 mrems to  the 20-g thyroid of a 
standard m a n  

The Xational Center for Radiological Health a lso 
gives consideration to  exposure and resultant dose 
from 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 cumut 
lative exposures t o  some cr i t ical  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 expand's. This analysis es t imates  that the 
annual dose from "Kr will build up to 30 to 100, mrads  
by the year 2060. 

E nvir o n men t o I Surveillance Studies 

A recent analysis of environmental dose resulting 
from radioactive waste dlsposal a t  various installa- 

tions was provided by Opliel.'b fie reported environ- 
niental surveillance data lor four American locations 
and one Canadian location in t e r m s  of dose. In stud- 
ies of this kind, it becomes necessary to make very 
preliniiriiry estimates of consumption levels for those 
environniental situations for  which dietary survey 
data a re  not provided, and only an upper limit can be 
set on the eiivironmental dose. The following sections 
sumniarize sonie of the environmental surveillance 
programs i n  the United States with regard to their  
evaluations of dose. 

-_ 
' .  I .  . 

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 a t  this s i te  were 
generally long-lived fission products. Thei r  study in- 
cluded evaluation of consumption levels of various 
foodstuffs through which these radionuclides reach 
people. Figure 2 i s  a family .of curves  taken. f rom 
this report which illustrate the estimated annual dose 
received by various population groups as a result of 
"Sr concentrations in the Clinch River. The influence 
of age of the individual evaluated i s  c le i r ly  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 t o  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 i s  satisfactory because of the rela- 
tive simplicity of the isotopic mixture that needs to 
be considerred. If the mixture of radionuclides changes 
in an important wa.y from year to  year, evaluation by 
direct comparison is inappropriate. In 1966 t h e  gase- 
ous and liquid waste released from ORNL was such 

."&at fiie 'cbticentration of radioactive mater ia ls  in the 
environs was well below maximum levels recom- 
mended by the NCRP and FRC. For  example, the 
average concentration of radioactive mater ia ls  i n  the 
atmosphere at  the X-10 si te  was less  than 1% of the 
maximum permissible for persons residing in  the 
neighborhood of an atomic energy installation, and the 
concentration was even lower at the per imeter  of the 
controlled area. The calculated average concentra- 
tion of radioactive materials in the Clinch River 
at the point of entry of White OakCreek was less  than 
2% of the maximum permissible for persons residing 
in the neighborhood of an atomic energy installa- 
tion." 

. .  * .  
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AXGU.V.V'L NATIO.VAL LAB ORATORY 

The amount of radioactive material discharged to 
the enviroiiment f rom Argonne Ejational Laboratory 
is normally very small. It is largely limited to efflu- 
ent discharged to Saw Mill Creek, which runs through 
the Argoime grounds and enters  the Des Plaines River 
about 500 yards  downstream from the waste-water 
discharge.28 In 1964 the radionuclide that contributed 
the most radioactivity to  this creek  was tritium. 
During the f i rs t  6 months of 1967, the average con- 
centration of tritium i n  this c reek  represented 0.8% 
of the appropriate MPC, and the maxirhum concen- 
tration observed was 15%of the hIPC.29 

Other radionuclides monitored in this environment 
included SeCo which had a maximum concentration 
representing 0.20% of the  MPC and "Sr which had a 
maximum concentration representing 0.8% of the 
NPC. The %r was nlrnost entirely from fallout. 
hrgonne does not evaluate population dose as part of 
i ts  surveillance program, 

IIAYFURD 

bdioac t i r i ty  enters  the environment from Hanford 
by way of the atmosphere from chernical-separations- 
plant and reactor  s tacks and by way of the Columbia, 
River, which receives reactor  cooling-water dis- 
charge. Hanford publishes an annual evaluation of 
radiological conditions which gives an annual dose 
estimate. The dose to a typical Richland resident is 
estimated and is identified as the average dose r e -  
ceived by a suitable sample o€ the local population. 
The dose received by a "maximum individual" is a l so  
estimnted in which the combined contribution of vari- 
ous pathways i s  maximized in a real is t ic  way by 
assuming extreme dietary and recreational habits. 
Figures 3 and 4 show the environmental dose esti- 
mates  for 1966. Doses a r e  reported for  those Sour 
Organs for w h c h  the estimated doses most closely 
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SOURCE PERCENT OF LIMIT 
FDOD. ETC. NUCLIDE 
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... ............ ............ ............ ............ 
... 

MEAT 
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0 20 4Q 60 0n tOO 

Vi0 OCCUP~ITIONAL 
INTAKE AEC-ICRP 

500 MREMS PER 
YEAR GC-F~C VEG 

$500 M R E M S  PER 

I500 HREMS PER 
YEAR 4EC-FRC 

*ALL OTHER NUCL~OES 
OR FOODS 
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652, - 
BONE 

sol 
NUCLIDE 

5 'cr  - 
2GNP 

T&I 1 
Y- 

a 

*ALL OTHER NUCLIDES 
OR FOODS 

'VEG. 

PERCENT OF LIMIT 
0 20 40 60 80 (00 

1/30 OCCUPATlONPL 
INTAKE AEC-ICRP 

170 'MREMS PER 
. YEAR AEC-FRC 

500 MREMS F E R  
YEAR AEC-FRC 

m 
500 MREMS PER 
YEAR AEC-FRC 

Fig. 4 
111 1 .qljti. 

Esliriialed dosc tu fypical Richlaird, N'ash., resided 

approach the appropriate limit. Most of the dose 
received by peo21e 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 '3iI. 

The consumption levels on which these doses a r e  
k s e d  a r e  estimates, and studies a r e  under way at  
Hnzford to improve them. Figure 5 shows the diet 
questionzaire requested of adults given whole-body 
counts at Hanford. Several thousand estimated con- 
sumption levels have been obtained in t h i s  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- 
menial contamination levels were applied to each 
hdividual diet estimate. This i6 largely a study of 
plant empioyees, since most of the whole-body count- 

ing data a r e  obtained from those working for various 
Hanford contractors. 

A research program i s  under way to extend these 
data to children. For this purpose, the local elemen- 
tary schools a r e  contacted and a cooperative program 
is arranged in which children are asked to provide 
dietary information and a r e  given whole-body rnea- 
surenients. F i y r e  6 shows the diet record card  
these childreii a r e  asked to complete. They keep a 
7-day record of pertinent foodstuffs for this purpose. 
b t e r ,  a niobiie wtrole-body couiiter, shown in Fig. 7. 
visits each school and. the children a r e  measured. 
Correlations between body burdens of radionuclides 
and consumption levels of various foodstuffs help to  

The Hanford surveillance program is appropriately 
directed to dose evaluation because of the complexity 
of the pathways i~ivolved and the variable mixture of 
radionuclides that cannot be adequately evaluated by 
other means. The s i te  is currently near the lower 
b u n d  of Range I I  as defined by the- FRC. In 1966 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 t ract ,  
2% of the limit for whole-body exposure, and 0.8% of 
the limit for bone. In the case ?'the maximum indi- 
vidual, who was assumed t o  eat 200 meais p e r  year  
of fish caught in the Columbia River, the radionu- 
clides and resulting doses were somewhat different. 
Estimates revealed that the maximurn 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 t ract  limit. Some of 
these kalues a r e  very sensitive to  the consumption 
levels estimated for specific foods.30 

b. identify important pathways. 

The environmental surveillance problem at  the 
h'ational Reactor Testing Station (KRTS) involves 
seeking very low levels of radionuclides in a large 
environmental area.  The concentra:ions resulting 
from the operation of the facility tend to  be masked 
by fallout. As a result, a regular evaluatioi a: dose 
is not made. A research program is under way a t  

.NRTS t o  ' S:<dy the atmospheric r e l e a s e ' d  .fission 
products from reactors. In particular, the behavior 
of l3'l released from reactors  has been studied under 
very rerlistic conditions. 

The study of the behavior of radioiodine in the 
envirorrment was initiated to provide better under- 
standing of the behavior of '"J under the condiiions 
of an emergency release. The study i s  referred to  a s  
the "Controlled Environmental Radioiodine Test" and 
was established at SRTS in 1963. 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 a r e  defining and 
quantitating the n ~ e t e o r o l o ~ c a l ,  physical, chemical, 
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THE INFLUENCE OF DIET ON RADIOACTIVITY IN PEOPLE JA r rEi L [ f i e  r w w s  r 
ICYLAND.  WASW I NGTOU 

I I 
P A V R O L L  NO. O C C U P A T I O N  

I R ~ S I D E U C C  n i s r o r y  

1 U A V C  L I V E D  I N  M Y  P R E S L W T  C O M -  

M U N I T V  FOR VCARS.  

BEFORE T n A T  I L I V E D  I N  

C I T Y  

F O R  Y E A R S .  

(DO NOT I N C L U D E  CANUED OR 

P O W D E R E D  M I L K )  

7 S t i ~ O O D  

ABOUT now H A N V  T I M E S  DO 

I O U  C A T  T M C  F O L L O W I N G  8CArOODS? 

F R E S M  o v S T E R 8  T IMES 

r a c s n  C R A B  T I M E S  

F n E s w  CLAMS T l m C 5  

[DO NOT INCLUDE r t s n  O R  CANNED 

3') ~ O ~ M E R C I A L L Y  r n o z c ~  SEAFOOD. 

I N C L U D C  ONLY THAT F R O M  NLARSY 

P A C I F  IC SOURCES.)  

~ ~~ 

T O R  S E C T I O N  U S C  O N L Y .  

I D E h T l F l C A T l O k  CODE 

* * - a .  

Z U - 1 5  

: * - l a 7  

.-.a 

2 O R l N K l N O  W A T E R  

W * A T  I S  T n C  SOURCE O r  D R I N K I N G  
WATER I N  *OUR HDMC? 

O W E L L  O M U N t C l P A L  8 V S T E M  
WOW MANV P M 8 S E S  OF W A T E I  
V O U  D R I N K  m? W 

P L A B S C S  
ON A WORK DAV WDW MUCW OF T Y I S  

w o n * ?  
WAITER OD vou O~INK w n i u  AT 

5 M E A T  

MCALS - -  
now uucn  OF TnIs ~ R E S ~  MEAT 

I s  B E C ~ T  er0yT 5 LITTLE 

A L L  OF IT 

W n E R t  D O  V O U  O B T A I N  VOUR 

MOW. M A N V  T I M E S  DO YOU 

E A T  T W L  F O L L O W I N G  G A M C  S IRDS? 

DUCC T I W E 8  

GOOSE T I M E S  

, '  . I 
P 

3 O T n E R  L I D L J I D 8  

w o w  MAUY CUPS OF BEVERAGE MADL 
FROM T A P  W A T C I I  (COFFEE,  TEA, 
SOUP, WOOL-AID, ETC.) W V D U  O R I N K  

-7 
C U P 8  

WOW M V C M  O T W E R  L I O U I D  W Y O U  
D R I N K  ( B D T T L E O ~ O F T  DRINMS,  JU ICE.  
BEER,  E T C . ) ?  

G L A D C E 8  

TOR WOW M A N V  M E A L S  - D O  

VOU C A T  FRESH V E G C T A E L C S  (DTCIEII 

TuAn CANNED OR c o m m c n c i ~ L L v  
i 

F RO7. EN? M E A L S  

Fcccn  FRUIT? T I M E 8  

WnERc D D  V O U  OBTAIN MOST O r  

YOUR Fmcsn VEGETABLES? 

D G R D C E R V  O L ' O C A L  F A R M S  

WMCRE DO vou DCITAIN MOST or 
YOUR F R C 5 U  F R U I T ?  

D G R D C E R Y  D L O C A L  F A R M S  

H O W  M A N Y  T I M E S  F Y T  40. DO V O U  

FISF C A U G H T  I N  TME C O L U M B I A  R I V -  

C A T  

ER BELOWCIANCORD (OTHER T Y A N  

C O M M E R C I A L  F l s n ? )  

C.7.l.L OT"'. I l l  I I  I 

N U F N  W A S  TnE L A S T  T I M E  V O U  A T E  SEAFOOD ( O T H E R  T W A N  F l S U )  A S  T m E  

D R I N C I P A L  PART O F  A M C A L I  

w n i c n  SEAFWD WAS IT? 

N * C N  WAS T M C  L A S T  T IME VOU A T E  F I S H  F R O M  T n E  C O L U M B I A  R I V E R ?  

Fig. 5 Diet quesfionnaire given l o  each person counted in Hnnford's whole-bbdy counfer. 
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and yhysio1ogic;rl variables that control the kinetics 
of .'''I i n  i ts  iiiovement through the environment. They 
a r e  using the resu l t s  of the studies t o  develop mathe- 
nn t ica l  models that  will allow realistic population 
dose evaluations f o r  any kind of '"I release. Their 
experimental facilities include a 17-acre dairy fa rm 
on which a herd of registered Holstein d a i r y  cows is 
maintained during the summer. The remote location 
of the f a r m  makes it ideal for  use  in  releasing known 
quantities of radioiodine to the atmosphere during 
meteorological conditions in which the radiaactire 
cloud passes  over  the pasture. A fraction of' "'I 
deposits on the g r a s s  and begins its movement 

-through the food chain. Some experiments have in- 
cluded human volunteers who breathed the radio- 
active cloud a s  it passed over the pasture and drank 
milk produced from the contaminated pasture grass. 
The principal resu l t s  that have emerged t o  date f rom 
this study include the following:" 

1. The deposition velocity of I3'I is dxect ly  pro- 
portional to  wind speed. 

2. The concentration of '"I in air during a con- 
tinuous release is inversely proportional to  wind 
speed, so the total relative quantity of "'1 depositeq; 
in a given a r e a  is independent of wind speed. 

3. The fraction of ingested radioiodine taken up by 
the thyroids of the volunteers was 0.19 f 0.04. 

SA I ;LV.VAlJ RIVER LAB ORATORY . 

The radionuclides reaching the environment f rom 
Savannah River's installations represent  a simple 
problem in dose evaluation for  the most par t  because 
the radionuclide mix'cure is relatively constant and 
includes only a very few nuclides. The environmental 
dose i s  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 

S-rlmr h k l v ,  Vol. 9. No. I. ScN.-&f. I Y 6 8  

effects 01 the Savannah River Plant" for the f i r s t  
half of 1967. The bulk of the radioactivity detected in  
the environs i s  tritium, which did not exceed 1.1% of 
the MPC in atmospheric saniples a t  the plant perime- 
ter and at 25-mile stations. In the Savannah River, 
tritium and "Cr concentrations averaged 1.2 and 
0.001% of the MPC, respectively. 

The Savannah River Laboratory (SRL) has adopted 
a comprehensive l is t  of guides for the re lease  of 
radioactive materials that is based on dose to the 
environmental population. These guides can be im- 
plemented a t  Savarpah River because the s i te  has  the 
ability to  control the release of radioactive mater ia ls  

. 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 
sonie of the same functions as annual dose evalua- 
tions. The MPC's utilized a t  Savannah River  are 
derived from ICRP recommendations or daily intake 
guides established by the FRC. In those cases where 
ICRP recommendations are used, thp occupational 
MPC for a 168-hr week is reduced to a level that 
would limit the dose tp a value less than the maxi- 
muni recommended by the  FRC for  the general popu- 
lation. Health physicists a t  the Savannah River in- 
stallation do make phriodic ca,lculations of dose to  
the public based on analysis of air, r i v e r  water, and 
fish, but these calculations a r e  not published. Since 
SRL's adoption of very' conservative re lease  guides, 
the calculations of dose a r e  made for  the information 
of SRL's own health physicists t o  a s s u r e  that re -  
leases  are not contributing any significant exposure 
to the public." 

t . .  

C on c I u si  o n s 

At the present time, only a limited number of U. S. 
nuclear installations feel constrained t o  evaluate 
environmental dose cn an annual basis. As the nu- 
c lear  industry grows, it is probably going to  be 
n e c e s s a n  * to extend the determination of environ- 
mental 'dose to other sites. In those cases where 
operations of more' than' one installation impinge on 
the same environment, the use of dose as a parame- 

. Lter for*'eiraLnatio,n will become of grqat -importance. 
The primary advantage of dose evaluations is the 
ability they provide t o  sum the contributions of a 
variety of radionuclides and a variety of pathways. 
The following benefits may be derived f rom 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 corresponchng action guides pro2osed by 
FRC and the surveillance requirements recommended 
by the FRC. 

. 
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2. Through performing the exercise of estimating 
eavironniental dose, it becomes evident whch of the 
available pathways are Of greatest significance; this 
permits optimization of the monitoring program. 
S. The development of increased interest in studies 

leading to dose evaluation will give added assurance 
tlut those environniental pathways which contain 
nieclmnisnis for concentrating radionuclides are be- 
ing detected. 

4. In a period of rapid growth of the nuclear in- 
dustry, the possibility Of a population becoming . 15. k,. Wallauschek und J. Iuetzen. Study of I'roldems Ife- 
exposed to radionuclides from a multitude of sources lating to Itsdiodctive Waste Dis~rosul into the KorthSeu. 

11. General Survey o n  Itadioactlvrty ln Seu WaLer and 
is increased. An environmental surveillance dxsci- * Marme Orgknisms. UbAtC file No. Xl'-137Lt (Vcrl .  11). 
pluie based on dose evaluations permits easy accom- k:uropean Nucleur t n e r g y  Agency. 19C.1. 
modation Of new BOUrces of exposure in the environ- .J. 16. 11. J. IMnster. The Disposal of I{sdlouctlvr I.iguid 

Wosles into Co.~stul WaLers, in Procccdiiy..\ tg llic~ Six- 
a t d  Uniltvl N ~ l i r u ~ s  Iitlrriiulronul Coii/c* rcii c c  OII lhc 
PcvwrJnl Ilsc*r of Alviiirc Ctirrgy. Ccwc*uu. 1').iH. Vol .  18. 
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