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A ProccJure €or Evaluating Environmental Radiation Dose to Children in the 
Vicinity of the Hanford Project in Washington, April 1965-January 1967 

John F. Hoirstead' 

The Hanford Atomic Energy Commission 
Installation in southeastern Washington re- 
leases small amounts of radioactive materials to 
the local eni-ironment in low-level waste efflu- 
ents. Radioactive materials enter the Columbia 
River with reactor cooling water released after 
a short hold-up period. Once released to  the  
river, this  radioactive material enters a number 
of ecological pathways of varying complexity 
which m y  result ultimately in some of the 
radioactivity reaching human populations living 
adjacent to  the Hanford project. The radiation 
dose received by populations affected by Han- 
ford operations is evaluated annually (I). Par t  
of the dose such people receive is the result of 
internal deposition of radionuclides obtained 
froni locally produced foodstufls. The necessary 
information for estimating such deposition is 
the concen.rstion of radionuclides in locally- 
produced foodstuffs, the consumption levels of 
such f,tods by local people, and the mciabolic 
behavior of the radionuclides when consumed. 

A coi;ventional environmental program such 
a-7 that followed a t  Hanford for m2.r.y years will 
adequately provide ixformation conwrning the 
a\'eiaKe concentration of radionuclides in 
locally-produced foodstuffs 2nd the distribution 
of nuclide concentrailons ribout the sample 
nienn (i ). Like\x-ise, the Yterature f.g., the 
ICXP Eepon of Coxmittee 11 on Permissible 
Dx.e for Internal Radiation ( 2 ) ,  provids  in- 
forrr.:itior: conccrning the liptake and reten tion 
of most radionuclides of interest when con- 
sumed by man. In  the absence of ai:: more 
dciinitivc i1:I'ormation concerning absorption 
of n:iclides from specific foodstuifs these data 
are utilized in our dose estimxtes. 

. ' hir .  XTonstcad is rnanap?r. Environnentnl Studies ' Sr*rtiori. Pxific h'orthwcst Laboratory. Eatlclk hleni- 
mxtl Institute, Richland, Wash. 99352. 
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The middle step in this calculation proces: 
(the estimation of Consumption levels and thc 
population distribution of various consumptior. 
levels) is actively being studied by Battelle- 
Northwest Laboratory. To obtain dietary dak 
for a sample of the adult population, a diet forn; 
was prepared which is routinely presented to  al; 
people measured in th'e Hanford whole-bod! 
counters. The questionnaire requires a sub- 
jective estimate of consumption levels of vari- 
ous significant foodstuffs on the par t  of the 
subject. For  example, he is asked t o  estimate 
"how many glasses of water usually drunk 
per day." Similar questions are also asked re- 
garding consumption of milk, seafood, game 
birds, Columbia River fish, and fresh meat. 
Supporting information concerning sources of 
such foodstuffs is obtained t o  help identify the 
size of the population routinely consuming cer- 
tain kinas of foods from local sources. An 
initial report of this Investigation was recently 
issued ( 3 ) .  

The Hanford whole-body counter is used 
routinely as a monitoring tool in the plant; 
thus, the vast majority of the people measured 
are plant employees. These employees a re  as- 
sumed to be a representative sample of the local 
udu:t  population but they obviously cannot be 
representative of the entire population. The 
major population group missing from this sur- 
\ey is children living near the Hanford facili- 
ties. The dietary habits of children are vastly 
different from those of adults and cannot really 
be derived from adul t  data. To study the chil- 
dren's dietary levels we have initiated an  in- 
vestigation in cooperatioirwith the local school 
system. This paper describes the program that 
was developed and presents some of the results 
obtained t o  date. 
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in establishing a research procedure to  in- 
vestigate d jets and radionuclide body burdens 

far schools to  cooperate with us, for the 
. par+.r:;c tcj give permission for  their children's 
F -?icip:ition. and for the children to take par t  
ir,-'.hc study. -4 serious attempt was made to  
inform the children about rajioactivity and 
r;idiation along with the introduction of the 
program. Questions that arose were answered 
frankly and information concerrhg the meas- 
urenients and the results were made available 
to anyone interested. More than 80 percent 
of the 1,800 schod children in the eight elemen- 
tary schcols (grades 1-6) 30 far approached 
participated in this study. 

Questions rc2uirirk evaluatian by the child 
of the amounts of various foodstuffs consumed 
cannot reliably determine consumption levels 
for chiklren. Ins.tend the child is asked to  keep a 
recoi-d ef the pertinent foodstuffs eaten and 
drunk d tiring a consecutive 7-day period.' This 
record is maintained by recording each helping 
or cup of foodstuff consumed. Some diet rec- 
vrr!s. perhaps between 1 and 2 percent, were 
t1isc;irded because the child obviously did not 
ucderstand what was required. 

About  2 weeks after the clnssrcom discussion 
the Eanford mobile whdle-Sndy counter was 
move;: t o  the school and parked in a convenient 

. locztion on the schoolgrotind. The couxiter uses 
;I s53dow shieid and incorporstes ar. 11-inch 
wdjiini  iociide crystal ( 4 ,  5 ) .  I t  requires about 
1 month to count the children in one elemen- 
tzry school. Each c5ild is counted for 10 
minutes in  the shadow shield counter and about 
2 niiy!ates 3re required for  printing and record- 
ina d2.m '?has, it is possible to measure 
25 51 XI children each day. Each child is 
ab:,ent frcin ciass about 30 minutes. 

in :.-?, ._  ',! children we had to provide motivation 

DiBf SilLd?J 7.C811LtS 

The data obtained from diet record forms 
ilre reduced to punch cards for use in an  
clectrunic computer system and will ultimately 
be entered 011 n maxncttic tape file. To date a 
I;tt.!r over 1.500 Sl iCn  rticcrus have been analyzed 
anti n o r c  than twice tha t  number have been 
coilectcd from school children. Some of the 

consumption level distributions assembled by 
electronic data processing techniques are shown 
in figures 1 through 4. 

Figure 1 shows the water consumption re- 
ported by children. Older children averaged 
dightly higher mater consumption than t h e .  
younger children, a;though the diserence is 
probably not significant. When adults esti- 
mated their own water consumption levels they 
reflected a significant 'bias for even numbers 
and multiples of 5. The children's results, be- 
ing a tabulation of actual consumption observa- 
tions, do not have this kind of bias. 
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Figure 1. Water consumption during a 7-day recording 
period 

Figure 2 shows milk consumption as reported 
by children. The children averaged about 2.7 
cups of milk per day compared to an adult 
average of 1.7 cups per day. 

Figure 3 shows the children's estimates of 
their seafood consumption. The study attempted 
to obtain estimates of the number of times per 
year that  they ate  seafood produced along the 
Washington cozst, such as fresh oysters, fresh 
clams and fresh crab meat. This chart does 
not represent actual consumption data but the 
children's estimates of their annual consump- 
tion levels. The bias introduced by human 
preference for certain numbers can be noted. 
The children estimated an average consumption 
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F i p r c  2. Milk consumption reported by clemenhq 
school children 

of local. seafood of about 2.8 meals per yzar 
compared to the adui t  estimate of 6 meals per 
year. Over 60 percent of the children reported 
never caling local seafood compared t o  only 
35 percent of adults. 

In  figure 4 the consumption level distribution' 
for  fish cauzht in the  Columbia River below 
the 1i:inford plant is shown. Children under 
S rcport an average of 2.4 meals per year while 
thc older children Teport an .weraEe of 2.7 
ixesls per year. This probably reflects a mis- 
t;:kcn interpretation of the question on the 
part of the chi!dren. They probably are in- 

i 

cluding all fish consumption, in some cases, 
rat!rer than limiting i t  to Columbia River fish. 
Adults. when asked the same question, esti- 
mated 1.9 meals per year. Seventy-five per- 
cent of the adults indicated tha t  they never 
ezt Columbia River fish. 

IWiole-body cotrnier nicasu.rements 

Xone of the more than 3,000 children meas- 
ured in the mobile whole-body counter t o  date 
have had body burdens of radionuclides out- 
side of t h e  range anticipated on the basis of 
known environmental conditions. Typical values 
of radionuclide burdens measured in children 
were 3 to 5 nCi of each of the  radionuclides, 
z inc45,  sodium-24 and cesium-137. Body 
burdens ranging up to several times the typical 
v:ilues were occasionally detected where un- 
usual circumstances ' resulted in diet sources 
more directly related t o  the Columbia River. 
These ranges agree with those that  would be 
predicted from our knowledge of the environ- 
niental coccentration levels. The quantitative 
mewrenient  of radionuclides in children de- 
pends on the construction of a suitable calibra- 
tion function for the shadow shield counter. 
It cannot be assumed that the calibration fac- 
tors cieyived for standard man are  applicable 
to  children's measurements. A calibration study 
was cond~icted concuxently with the measure- 
ment of children. In the absence of a definition 
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Richland school children 

:'or R stmdard child we developed an array of 
9 phactoms for children ranging in size from 
48 to 107 pounds. The phantoms are con- 
structed of I-pound boxes of sugar as shown 
i n  figure 5. A phantom containing no added 
radioactivity is first constructed on the bed 
of the counter and measured to  provide back- 
ground data. Then a phantom using sugar 
boxes containing krio\-cn amounts of radio- 
nriciides is constructed in an identical way and 
mcasurcd with t h e  counter. After subtracting 
burkground readings the measurements may 
be used to  calculate a calibration factor for the 
radionuclides and phantom size used. In this 
way, calibration factors for  each of the 9 
phaiitoms for zim-65, potassium40, cesium- 
137, m d  sodium-24 were derived. 

These data mere used to construct an em- 
pirical filnction relating body size to calibra- 
tion f x t o r  which can be programmed for the 

computer to provide absolute body burden 
mewurements. Linear, exponential and power 
functions were examined for these data. The 
goodness of fit of functions obtained with a 
parameter of pounds weight per inch of height 
as compared to  functions involving simply 
pounds was also evaluated. A linear correla- 
tion technique was used for selecting the best 
fit for  each of these functiorts. The calibration 
curves that best fit the data were exponential 
functions calculated in this way and the cali- 
bration points from which the functions were 
derived. It would be most helpful if some 
calibration data from children were available 
to confirm these calibration functions. 

Application of the pocedure 

Environmental dose estimates for the popu- 
lation living adjacent to the Hanford plant 
include the dose to  a typical resident and to a 
special population group having diet habits 
tha: maximize exposure. The procedure de- 
scribed for obtaining data f rom school 'children 
will assist with the identification and study of 
the affected 0oDulall:inn 
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