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ABSTRACT 

Radioac t iv i ty  t h a t  reaches t h e  nearby populated environment f ron  a nu- 
c l e a r  i n s t a l l a t i o n  can be use fu l ly  evaluated i n  term of the  r e e u l t i z a  
population dose. The combined e f f e c t s  of exposure t o  ex te rna l  r ad ia t ion  
sources and i n t e r n a l  deposi t ion of r a d i o a c t i v i t y  nus t  be ca lcu la ted  f o r  
'the population a f f ec t ed .  The ca l cu la t ion  r equ i r e s  ana lys i s  of a complex 
system of exposure pathways which a r e  cont ro l led  by t h e  nature  of t h e  
environment, t h e  radionucl ide mix involved, and t h e  h a b i t s ,  occupations,  
and d i s t r i b u t i o n  of t h e  people a f f ec t ed .  

The environmental evaluat ions performed a t  Hanford est imate  the  annual 
dose received by people l i v i n g  near t h e  s i t e .  
whole-body dose decreased from 18 d e m  per year  i n  1964 t o  5 mFem per  
year  i n  1968 as severa l  Hanford production r eac to r s  were shut down. 
Hanford r a d i o a c t i v i t y  reaches populated a reas  by way of t h e  Columbia 
River and by t r anspor t  with and deposi t ion from the  atmosphere. The 
l o c a l  population i s  d i s t r i b u t e d  through i r r i g a t e d  r u r a l  ereas  downstrean 
and downwind from Hanford and i n  downstream c o m u n i t i e s  using t h e  r i v e r  
f o r  s a n i t a r y  water and r ec rea t ion .  The d i e t  and recrea t ion  hab i t s  of 
various population groups have been s tudied  through spec ia l  surveys and 
r e l a t e d  t o  t h e  r e s u l t i n g  dose received by these  people. 

The estimated average 

The s p e c i a l  surveys t h a t  have been performed at  Hcnford a re  discussed i n  
t h i s  paper and t h e  e f f e c t  of some of t h e  f indings on dose measurements 
i s  i l l u s t r a t e d  by exanple. These ca l cu la t ions  provide sound bases f o r  
eve lua t ing  the  poss ib le  consequences of pos tu la ted  accidents  and a l s o  
assist i n  t h e  design of a r e a l i s t i c  environmental monitoring proeram. 

INT*ODUCTI ON 

The environmental evaluat ion performed annuelly at  Hanford (1) in- 
volves estimates of both tne  average population dose and t h a t  of a c r i -  
t i c a l  population group. The r e s u l t i n g  estimated dose vaiues &-e evalu- 
c ted aga ins t  t h e  standards e s t ab l i shed  by t h e  AEC Mamal, Chapter 0524 
( 2 ) .  These dose est imates  are concerned only with population exposure 
t o  radionucl ides  o r ig ina t ing  from Hanford. The s tud ie s  rebor ted  here  
were i n i t i a t e d  i n  support of t h i s  annual dose es t imat icn  procedure. 

The ca i cu la t ion  of population dose from radionucl ides  i n  t h e  envi- 
ronment must inciude both t h e  ex te rna l  dose r e s u l t i n g  from exposure cf 
people t o  r ad ia t ion  from raCioac t iv i ty  deposi ted i n  t h e  surrounding en-  
virom.ent and t k e  i n t e r n a l  dose resu l t ing , f rom radionucl ides  within 
organs and t i s s u e s  of t h e  a f fec ted  p o p l a t i o n .  The chart  i n  Figure 1 

"This paper i s  based on work  performed w e e r  United S t a t e s  Atonic % e r g  
Comnissicn Contract AT(45-1)-1830. 
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i l lus t ra tes  t h e  s t eps  t h a t  might be reaui red  i n  such A ca lcu la t ion .  A 
t y p i c a l  populated environment rece ives  a measured axount of r ad ioec t i -  
v i t y  and w e  wish t o  ca l cu la t e  t h e  r e s u l t i n e  dose t o  R person l iYina i n  
t h e  environment. The envifonment cons i s t s  of t h e  Sui ld ings ,  roadwavs, . 
gardens, and houses i n  which t h e  person l i v e s  and works, including t n e  
s o i l ,  air,water and vegetat ion composing the  s e t t i n a .  
deposited i n  or on t h e  mater ia l s  of t h e  environment mav exrose the  per- 
son t o  a c e r t a i n  r ad ia t ion  l e v e l ,  which depends on t h e  cm-msltion of 
t h e  r a d i o a c t i v i t y  and t h e  a c t i v i t y  of t h e  person w i t h i r ?  t h e  environment. 

The incorporat ion of radionucl ides  i n t o  the  t i s s u e s  of t h e  person 
involves a complicated a r ray  of brea th ing  and d i e t  pathways. 
example, r a d i o a c t i v i t y  i n  water i n  t h e  environment may be Dicked up by 
i n s e c t s ,  which i n  t u r n  become p a r t  of t h e  food f o r  chickens, resu l t inR 
i n  some of t h e  r ad ioac t iv i ty  appearing i n  eggs, which make up p a r t  of 
t he  d i e t  of t h e  person being s tudied.  To ca l cu la t e  t he  dose cont r i -  
buted by t h i s  pathway, one must know how freouent ly  eeps a r e  ea ten ,  how 
m x h  i s  consued  each t ime, t he  concentrat ion and coxq)osition of t h e  
r a d i o a c t i v i t y  i n  eggs, t h e  f r a c t i o n  of t h e  r ad ioac t iv i ty  absorbed, how 
long t h e  r a d i o a c t i v i t y  i s  r e t a ined  i n  t h e  person 's  bodv, and t o  what 
ex ten t  var ious organs concentrate  t h e  rad ioac t ive  material. 

The ca l cu la t ion  of ex te rna l  and i n t e r n a l  dose frcn: a mixture of 
radionucl ides  obviously becomes a comFlex procedure and r eau i r e s  a Rood 
d e a l  of information about t h e  phys ica l  and chemical behavior of rsdio-  
nuclides i n  various exposure pathways, as wel l  as d i e t a ry  and behavioral  
information about t n e  person being s tudied .  When one r e a l i z e s  t k n t  \?e 
are expected t o  estimste t h e  average dose received by the  poDulntion 
l i v i n g  i n  t h e  v i c i n i t y  of a nuclear s i t e ,  it i s  obvjous t h a t  we a re  fzced 
w i t h  a forn ldable  t a s k .  A t  t h i s  p o i n t ,  we s top  re fer r jnE t o  "Dose cal-  
cu la t ions"  and ins tezd  speak of "Dose est imat ions."  tie can only use t h e  
information ava i l ab le  toge ther  w i t h  t h e  nos t  l o g i c a l  possible  e s t h e t e s  
of missing data and a r r i v e  a t  bes t  es t imates  of t h e  approFriate environ- 
mental dose f igu res .  

Radionuclides 

For 

HkIJFORS POPULATIONS SURVEYS 

During t h e  pas t  several. years ,  a number of specie1 surveys of se lec-  
t e d  population groups have been made at  Hanford. 
sigliea with t h e  needs of t h e  environmental dose evaiuat ion yogram i n  
mind. Tfiey were intended t o  c o l l e c t  pe r t inen t  d i e t ,  denographic, and 
r e c r e a t i o c a l  data. The ana lys i s  and u t i l i z a t i o n  of t h e  r e s u l t i n g  m s s  
of s t a t i s t i c s  i s  by no means com3lete. We plan t o  repor t  most of t he  
r e s u l t s  In an appropriate  form t o  be available f o r  o thers  concerned with 
such ca l cu la t ions .  The Hanford environment possesses the  d i s t i n c t i o n  of 
having received measurzble anounts of r a d i o a c t i v i t y  for  an extended 
per iod of t ime. ?he r a d i o a c t i v i t y  i s  introduced i n t o  the  environment by 
two p r i n c i p l e  pathways: through t h e  atmosphere from vzrious p l a c t  stacks 
and through the  Colunbia Fiver  from reac to r  coolinF vater discharge.  The 
1a:ter pathway i s  considerably more s i g n i f i c a n t  than t h e  former on zn 
annual zverage. L sxmary of t he  s p e c i a l  population s c v e y s  conducted 
at  H c f o r d  is given i n  Tzole 1. 

The presence or' rzeasurzble r a d i o a c t i v i t y  i n  various e ie t  pathways 
permitted us t o  use a wnole-body counter i n  conductine the  surveys. For 
t h i s  purpose, ve used B mobile shadow-shield i n s t r m e n t  noucted i n  tne  
bazk of a van-like t ruck .  We u t i l i z e d  schools ,  L-E Clubs, s t e t e  f i s h  

These surveys were de- 
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Date - 
1960- 
1968 

1965- 
1968 

1969 

i 

1967- 
1968 

1966- 
1369 

1969 

1969 

1970 

3 
TABLE 1 

POPUTU'X9E SURVEYS AT IA'FOFID 

Fopulation Grour and Survey 

Plant  employees measured with a Hanford whole- 
body Counter were asked t o  complete a d i e t  survey 
form. A computer f i l e  of d i e t  and whole-body 
counting data  w a s  prepared. ( 3 ) ( 4 )  
Elementary school ch i ldren  (5-12) i n  17 l o c a l  
schools were surveyed w i t h  a whole-body counter 
and a 7-day d i e t  record card.  About 75% of the  
s tudents  vo lun ta r i ly  pa r t i c ipa t ed  i n  t h e  survey. 

Teen-aged s tudents  (12-17) i n  a hieh school and 
a jun ior  high school were surveyed with whole- 
body counter and o r a l  d i e t  and r i v e r  r ec rea t ion  
questions.  

A s t a t i s t i c a l l y  derived sampling p r o p a n  vas 
used t c  obtain information on Columbia River 
f i sh ing .  
f o r  4-hour periods according t o  a schedule de- 
r ived  from random se l ec t ion ,  and t h e  fishermen 
interviewed. ( 5 
Whole-body counter and d i e t  surveys were made of 
fishermen loca ted  a t  popular f i sh ing  spots  on 4 
occasions.  

A survey using t h e  mobile whole-body counter and 
o r a l  d i e t  questions w a s  conducted i n  a l o c a l  rural  
area using Columbia River water f o r  i r r i g a t i o n .  
ScheduliEg fami l ies  t o  v i s i t  t h e  whole-body coun- 
t e r  became a comuni ty  serv ice  pro jec t  f o r  7 4-H 
Clubs i n  t k e  area.  

Students in. Home Econ. c l a s ses  i n  2 l o c a l  schools 
a s s i s t e d  i n  a survey of ea t ing  hab i t s  of fvn i ly  
members. They estimated t h e  s i z e  of servings 
take;, by family members during t h e  c o w s  of 11 
meals during a 1-week survey per icd us ing  hand- 
books containing p i c tu re s  of 5 weighed serving 
s i z e s  ( for  25 d i f f e r e n t  v a r i e t i e s  of foods.  

A survey was.conducted i n  2 coas t a l  communities 
located near enough t h e  mouth of t h e  Columbia 
River t h a t  Zr.-65 from Hanford could be detected 
i n  l o c a l  marine organisms. Both c o w u n i t i e s  
were centers  f o r  commercial seafood production. 

(4) 

About 50% of t h e  s tudents  responded. 

S t re tches  of t h e  r i v e r  were v i s i t e d  

Group 
Size 

About 7000 
persons 

About 5500 
ch i ldren  

4 27 
Teen-agers 

2,132 
Fishermen 
interviewed 

85 
Fishermen 

343 
Fersons 

250 
Persons 

462 
Per s.on s 

f 



Page 4 
and game personnel,  and o the r  e x i s t i n g  agencies i n  contact ing t h e  publ ic  
f o r  t hese  surveys. 
veys w a s  improved publ ic  r e l a t i o n s  i n  t h e  areas  v i s i t e d .  

Another important source of da t a  needed t o  es t imate  p o p l a t i o n  dose 
is t h e  Environmental Evaluations Sec t ion ' s  monitoring data which provide 
information on t h e  compositioc 2nd concentrat ion of radionucl ides  ir, 
var ious foodstuffs .  The sampling frequency and analyses requested a r e  
decided on t h e  b a s i s  of experience and t h e  s ign i f icance  of a p a r t i c u l a r  
exposure pathways. Table I1 shows the  radionucl ides  measured i n  various 
foods tuf fs  sampled i n  t h e  Hanford environment. For purposes of ca lcu la-  
t i o n  of environmental dose, some of t h e  foodstuffs  a r e  divided i n t o  
71commercial'' and " loca l ly  produced. This usua l ly  implies t h a t  t h e  
"commercial" food i s  t h a t  presented f o r  s a l e  i n  l o c a l  markets, where 
l o c a l l y  produced foods a re  s o l d  toge ther  with l a rge  amounts of imported 
foods. Samples may o r  may not  contain Hanford radionucl ides ,  depending 
on the  p a r t i c u l a r  sample. In t h e  case of vegetables ,  w e  examine " leafy  
vegetables ,"  which may include radionucl ides  deposited from t h e  atmos- 
phere and "other f r u i t s  and vegetables"  which must be i r r i g a t e d  w i t h  
Columbia River water t o  contain Hanford r ad ioac t iv i ty .  

An unexpected f r inge  bene f i t  obtained froE the  sur- 

SURVM RESULTS 

As is evident from Table I ,  t h e  surveys performed i n  t h i s  study 
produce data which lends i t s e l f  t o  treatment witn an e l ec t ron ic  computer. 
The complete ana lys i s  of t h e  r e s u l t s  of severa l  surveys i s  beyond t h e  
space permit ted t h i s  paper so I can only i l l u s t r a t e  t he  r e s u l t s  w i t h  a 
f e w  examples. The survey of  "serving s i zes"  performed f o r  us by members 
of seve ra l  Home Economics c l a s ses  i n  Richland schools provided informa- 
t i o n  on' food consumption l e v e l s  of var ious age groups used i n  the  analv- 
sis of da ta  from many other  surveys.  To ca l cu la t e  i n t e r n a l  dose, each 
person interviewed i s  assumed t o  inges t  radionucl ides  as ind ica ted  by 
t h e i r  repor ted  d i e t  and t h e  average concentrat ion of radionucl ides  i n  
each foodstuff  f o r  t h e  year of inges t ion .  

vey of adu l t  employees or of l o c a l  elementary school ch i ldren ,  t h e  d i e t  
data a r e  genera lp j  considered exznples t h a t  may be used t o  ca l cu la t e  t h e  
dose d i s t r i b u t i o n  f o r  any year .  The length of t i m e  each person has l i v e d  
i n  t h e  community must beeconsidered i n  t h e  case o f  radionucl ides  with 
long e f f e c t i v e  ha l f - l ives  i n  human t i s s u e .  For example, i n  t he  case of 
~ n - 6 5 ,  t h e  accumulation over a per iod of zt l e a s t  :I years must be consi-  
dered. This means t h a t  t h e  dose ca l cu la t ion  should include year t o  year 
changes i n  t h e  environmental concentrat ion,  any metabolic and d i e t  
chsnges w i t h  age i n  t h e  case of t h e  ind iv idua l  being considered and mean 
organ diameter f o r  t he -  age and s i z e  of t h e  ind iv idua l .  We general ly  do 
not have enough data t o  fully incorporate  a l l  of these  parameters i n  the  
dose ca l cu la t ions .  In  t h e  examples I a m  r epor t ing  here ,  I have consi-  
dered v a r i a t i o n s  i n  t h e  ennual concentrat ion of radionucl ides  and age- 
dependent d i e t  comide ra t ions ,  but  have not included age-dependent meta- 
b o l i c  changes or mean'organ diameters.  The doses a r e  ca lcu la ted  simply 
on t h e  bas i s  of nean organ mass and cz lcu la ted  body Surden. Few of the  
surveys obtained da ta  that  perrnitted r e a l i s t i c  e s t i n z t e s  of ex te rna l  
dose. For t h i s  reason,  t h e  ex te rna l  dose i s  usually included i n  t h e  

For the  surveys encompassing seve ra l  years  of work, such as t h e  sur-  

0 0 2 1 9 4 5  
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Page 6 
dose s m a a t i o n  as a s ing le  average value cz1,oulated f o r  t h e  e x t i r e  popu- 
l a t  i on. 

complete a r r ay  of exposure pathways ava i lab le  t o  it is  t h e  small r u r a l  
population l i v i n g  on subwban farms supplied by i r r i g a t i o n  water from 
the  Columbia River.  
gated,  only a small a rea  receives  i r r i g a t i o n  water from below t h e  Hanford 
r e a c t o r s .  1969 whole-body dose averages f o r  3 age groups 
a r e  shown i n  Fig. 2. 
hunting, swimming, and other  r e c r e a t i o n a l  use represents  a large par t  Of 
t h e  ana lys i s .  This does not include exposure t o  i r r i g a t e d  f i e l d s ,  t h e  
da ta  being too  scanty t o  permit ana lys i s .  The unusual contr ibut ion t o  
i n t e r n a l  exposure from eggs probably r e f l e c t s  t h e  consumption o f  Colum- 
3ia River in sec t s  by free-running farm chickens i n  t he  v i c i n i t y  of t he  
F i v e r ' s  edge. A similar ana lys i s  of ca lcu la ted  19613 bone dose f o r  t h i s  
population group i s  shown i n  Fig.  3. Note t h a t  no ex terna l  dose cont r i -  
but ion is included i n  t h i s  summation. Diet  information w a s  obtairied 
from t h i s  rural population by o r a l  quest ioning of an e n t i r e  f&Til;l, per- 
w i t t i n g  t h e  answers by d i f f e ren t  family members t o  re inforce  each o ther .  
The 341 included i n  t h e  survey a r e  estimated t o  represent  about 8% of 
t h e  population l i v i n g  i n  t h e  i r r i g a t i o n  d i s t r i c t .  

.Ia:a from p a r t  of t h e  people surveyed. 
, 3 5 2  t h e  exposure hours per year of var ious age groups t o  t h e  Colurkia 

River i r ae r s ion  dose r a t e  and shore l ine  surface dose r a t e .  For the  
r ec rea t iona l  ex te rna l  dose ana lys i s  shown i n  Fig.  4 ,  an immersion dore 
rate of 0.10 mFl/hr and a shore l ine  surface dose r a t e  of 0.022 a I / h r  (3 
f t )  were used. These a re  t y p i c a l  neasured values f o r  l o c a l  popular EWIL- 
ming and f i sh ing  areas  respec t ive ly .  
n a l  dose pro3ably exagnerates t he  r ec rea t iona l  dose but  may underestimate 
t h e  t o t a l  ex terna i  dose f o r  t h i s  p a r t i c u l a r  population group because it 
omits t h a t  from i r r i g z t i o n  d i tches  and i r r igatec? f i e l d s .  The ex te rna l  
dose shown i n  Fig.  4 agrees wel l  with t h e  ex te rna l  dose value used i n  
t h e  dose d i s t r i b u t i o n  i n  Fig.  2 f o r  t h e  case of adu l t s ,  but  not  f o r  
ch i ldren  o r  teen-agers. 

w a s  measured i n  t h e  nobi le  whole-body counter.  The whole-body counter 
t ruck  provided a convenient base f o r  conducting population surveys and 
w a s  a s c i e n t i f i c  a t t r a c t i o n  f o r  encouraging p a r t i c i p z t i o n  i n  surveys.  
The whole-body c o m t  seemed t o  ilcpress pa r t i c ipan t s  by pu t t ing  t h e i r  con- 
t r i b u t i o n  on a highly personal and ind iv idua l  l e v e l .  It permitted us t o  
d isp lay  t h e  r e s u l t s  and explain t h e  source and r e l a t i v e  s ign i f icance  of 
the -va r ious  radionucl ides  detected.  We were able  t o  usual ly  i d e n t i f y  no 
more than four  radionucl ides: ' ,  Na-24, K-40, Zn-65, and Cs-137. Only two 
of t hese  a r e  of HcrforC o r ig in .  
was t h e  most prami2er.t one de tec ted .  The measurements of Hanford radio-  
nucl ides  p e r n i t s  us t o  compare t h e  measured body burdens with those ca l -  
cu la ted  w i t n  cur dose es t imat ion progran. Such a corparison i s  shown i n  
Fig.  5 .  To ca l cu la t e  the  Zn-65 body burden, an e f f ec t ive  h a l f - l i f e  of 
160 dzys and a f r z c t i o n a l  uptake of 32 percent was used. These values 
were nleasured ?t Eanford during a f i s h  consumption experinent some time 
ago ( 7 ) .  

One population group t n a t  i s  of p a r t i c u l a r  i n t e r e s t  because of t he  

Although most of t h e  farmland near Hanford i s  irri- 

The ca lcu la ted  
The ex te rna l  exposure r e s u l t i n g  from f i sh ing ,  

A separa te  questioning technique was followed t o  obtain r ec rea t iona l  
These r e s u l t s  were used t o  e s t l -  

The method used t o  estiniate exter-  

I n  addi t ion  t o  d i e t  and r ec rea t ion  icformatioc,  each person surveyed 

I n  nost cases ,  t h e  na tu ra l  K-40 peak 

The f r z c t i o n a l  u2,tzke value used i s  ebout t n ree  times t h a t  

0 0 2 1 9 4 1  
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FIGURE CAPTIONS 

1. 

2.  

3.Sources of Environmental Bone Dose from Hanford 3wal  Population - 

Dose Calculat ions - People Living i n  an Environment Eaving Trace 
Amounts of Radioactiv ' i ty.  
Sources of Environmental Whole-Body Dose f ron  Hanford - 1969 - 
Rural Population. 

4. 

5 .  

1969. 
External  Exposure from Hanf ord Radioac t iv i ty  from Recreat ional  Use 
of t h e  Columbia River.  
Comparison of Measured and Calculated Zn-65 Body Burdens - Rural 
Population Survey. 
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SOURCES OF ENVIRONMENTAL WHOLE-BODY DOSE 
FROM HANFORD RURAL POPULATION - 1969 

ADULTS TEENAGERS C H I  LDREN 
(OVER 17) (12-17) (UNDER 12) 

EXTERNAL EXPOSURE 

FRESH LEAFY VEGETABLES: 
OTHER FRESH VEGETAB LES/ / 

COLUMBIA GAME R. F I S H  

EGGS 
CHICKEN\ 
RED MEAT> 

\ 
M I L K  

DRINKING WATER- 

NUMBER OF PERSONS 

AVERAGE PERCENT OF 
PERMISSIBLE DOSE 
(170 mRemlYEAR 1 

M A X I M U M  I N D I V I D U A L  
PERCENT OF 
PERMISSIBLE DOSE 
(500 mRemlYEAR) 

166 

1.20 

1.14 



FRESH LEAFY V E G E T A B L E S r k s - 4 - 1  / 

4-w OTHER FRESH VEGETAB LES 

SOURCES OF ENVIRONMENTAL BONE DOSE FROM 
HANFORD RURAL POPULATION - 1969 

ADULTS TEENAGERS C H I LDREN 
(OVER 17) (12 -17) (UNDER 12) 

CHICKEN 

RED MEAT 

DRINKING WATER 

NUMBER OF PERSONS 166 

AVERAGE PERCENT OF 

(500 mRemlYEAR 1 

M A X  IMUM 1 ND I V I DUAL 
PERCENT OF 2.19 
PERMISSIBLE DOSE 
(1500 mRemlYEAR 1 

PERMISSIBLE DOSE 1.11 

0 -  ’ /I 

1.71 

3.83 

2.52 

3.79 
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COMPARISON O F  MEASURED AND CALCULATED 

6 5 ~ n  B O D Y  B U R D E N S  - R U R A L  POPULATION S U R V E Y  
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t (OVER ADULTS 17) I 

MEASURED 6%" BODY BURDEN R A T I O  - 
C A L C U L A E D  65Zn BODY BURDEN 


