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COIPWITE I???VIRO;C*EdTfi W S E  ESTXIfATES 
ABSTRACT 

The occupational hygienitst is not unfamllus-* v i t h  t h e  integrated exposure 

- 
assessment concept. Many txam?lea of nccuraulatfvc poisons, carcinogens, and 
other  deEcnerative dirrease producine agents ax?: k.twn. 
enalogous s i t u a t i o n s  t o  rad ia t ion  exposures fra-r mixed sources. Discusoion of 
8 heal th  physics a9prcach t o  a specific r ad ia t ion  s i t u a t i o n  nny be of value in 
illustraticg c e r t a i n  concepts t h a t  rnw Dc more v idc ly  applied t o  a non-radioactive 
pol lu t ion  s i t u a t i o n  . 

In  those cuscs, ve have 

The population doses received from radionuclides released t o  t h e  environs 
are  superimposed 00 those fran na tu ra l  rodiatian sources plus  a minor contr i -  
bution f r o m  weapon8 t e s t i n e  f a l lou t .  Valid e a t i a a t c s  of thosc doses requi re  a 
knowledge not  a?ly of ex te rna l  r ad ia t ion  l e v e l s ,  bu t  a lso  of the kinds  and 
quan t i t i e s  of radionuclides present i n  t h e  etnosphcre and i n  fcxxls and bevera- 
ges, and t o  what extent  thcsc! radionuclides are t ransmit ted t o  throueh t h e  
food chains. I 

1 
Both thri con t ro l  of plant  e f f l u e n t s  and t h e  evaluat ion of an cnviron- 

mental s i t u a t i o n  a r i s l n ~  f’ron t h e  relcnscs or such e f f l u e n t s  require  cospnrison 
of measured o r  ca lcu la ted  valucs aga ins t  appropriate  standards,  
qua l i t y  standards f o r  non-radioactive contaninants are general ly  i n  t e r n  of 
conccntr.ation limits. 
on accumu’.ated r ad ia t ion  doses over an extended period of tine. 

‘dater md air 

Standurds f o r  r ad ia t ion  pro tec t  ion , hovcver , are blued 

I n  order t o  quant i f j  t h e  offectrr of  vorioua radionuclides on t h e  d i f f e r e n t  
organs of the  humn body, t he  In t e rna t iona l  Cami83iOn on Radiological Protec- 
t i o n  has adopted t h o  cclrcc2t of a “sandnrd nm”, v i t h  asslened b io log ica l  m d  
physical pa.ra?lcters. Sac  primary radiation done stmdwds havc been tronelhtod 
i n t o  secondary standards (!.luirn\n Pcnnisoibla B o d y  Burdona) ant3 t e r t i a r y  rtand- 
arb (!.faxinus Pcrmis8ibI.c Concentrations i n  air and v a t e r )  ~8 addit iaclal  too l5  
for evaluation. 
one radionuclide into rad ia t ion  dose. 
can be a s t i n a t t d  by multiplying the  concentrations of the  radionuclide I n  bev- 
e r q e a  and foods by t h e  consmptlon rates, 
cannot be cm3incd d i r e c t l y ,  since each radionuclide rosulto in a nunorically 
d i f f e ren t  dose per  unit intake f o r  each body oram, 
by a body orsw of interest is obtaincd by addin& t.hc doses r s o u l t i n a  from each 
radionuclidc inzestcd t o  the  dose r e su l t i ng  frcn sources ex te rna l  t o  the body. 
This t o t a l  dose C M  then be compared wit)! appropriate  dose s t a n d a r b .  

Using t h c  oome paramctera, one can convert t he  intaka of any 
The ingeatod amount of a radionuclide 

Tho h t c k e s  of several radionuclides 

?he t o t a l  dose roceived 

The appl icat ion of tncse princiglo3 a t  the  Itanford co.t,plcx haa rcquiroci 
a maJor effor t  i n  the  dctennfnatfon of the  c r i t i c a l  pnthuays and t h e  n i p l f i -  
C U A t  dietary i n t a k e s .  
u t  of in tcgrs tcd  cxpoczre vsaooomnt, particularly i n  cnvironwmtal s i t u -  
a t i a m .  

We bol.ieve that tho fbturo vi11 uce nore vide-upmd 

Such use ahculd :ncorporote thcso key atapn: 

1) 
2) 

3) 

T ~ Q  i n v e 3 t i R a t i o n  of a l l  potont id l  exposure pathyayu 
h e  determination of agpropr!ate air ,  vntar ,  and food intake and 
con t mi car! t canc o ti t rat ions 
The appropriate uclght inq m d  sumation of each source cmtr ibr r t ing  
to o c ~ m o n  phjciolocical a f f e c t .  



The h e a l t h  phys ic i r t  is a c c u s t a c d  t o  considerinq the t o t a l  xadiatioir 
dose* received by an individual,  regardless of source, 
pel'hap~ naturn l  i n  thct  t h e  phyaio2oeical i n s u l t  w i t h  vhich the  ,hcc l th  phy- 
s i c i s t  is concerned is due t o  a camon physical phenmnon,  t h e  nbsorption 
of l o n i t i n a  radiat ion,  re~ardloes of locat ion or c h d c a l  form of the  radio- 
ac t ive  moterid, 
rqf be Q s ine l a  rourcc. 'lbc dose evaluation problem in t h i r  case is rela- 
tively simple. 
gcnerally required of occupational hygienis ts  for non-radiolrctivu cmtani- 
n m t s .  The reasons for t he  non-intecrated approach include: 

For m a n y  cmtsminantr,  especially for induatxial  exposures, only 
one source m y  be significan:, 

This approach is 

In m a n y  radiation exposure s i t u&t ions ,  of coulroe, t he re  

Similarly, M integrated assessment of bio logicn l  r irk  i s  not 

1 )  

1 2)  E~~posuro linits for non-radioactive toxic materials have earrerally 
been establ ished i n  t a m  of concentration8 i n  spec i f i c  media, 

3) ihny non-rsdioactivo conta.!,ainnnts haw only CL temporary effect 
and an integrated long-term expollure ccmidorat ion may not be 
meaningm, 

4) Tbe phyrrio1qica.l e f f e c t  m s y  vary widely with the source and chad- 
c d  nature of the contaminant, 

5 )  For environnental exposures, dif ferent  wencias  monitor the  lewlr 
in t h e  po ten t i a l  sources of air, va te r ,  and foodstuffs. 

On tho othor hand, the 0ccu;ational hygiea i r t  t d a y  is certainly not 
unacquainted v i  h the internatad expoawe coucept. Ehny exampler of accumu- 
lativc wiaons, carcinoqens, and o the r  d q p a e r a t i v e  disease-producing agents 
are h e m ,  Tho 
accmulation in lour  envlromcnt ,  
publications of,the Awrfcan Conference of Governmental Indus t r i a l  Uygienistr 
point out t h o  need for adding the  effec '  
vhcre the several  coqpmclrts ham a tau-,.,:: pws io loq ica l  e f f ec t .  
future ,  we would cxpc: even ereater a t t en t ion  t o  lonp te rm la tent  e f f e c t s  
from chronic low-level exposures, 

has been much discussion of t h e  po ten t i a l  hatnrd or lead 
Tbe sore roccat "Threehold U n f t  Valuer" 

( 4 )  

L 
of cmponcnts of a mixed exposure, 

In t h e  

I n  these ca908, ve have analoeous s i tua t ions  t o  radiat ion exposums f r o m  
nixcd SOWCCS. Discusnion of a h e a l t h  physlca approach t o  a s p e c i f i c  r i t u a t i o n  

Throughout this papcr, the authors w i l l  use tho shorter t o m  @'Cone", evon 
t h a w  t h o  mcaninR muy more s t r i c t l y  be "dose-equivalent", t he  a p p r o p i a t e  
actmure of r i o k  of bio lonicn l  a t f a c t ,  
t ions  of t h o  ralat ionshJp botvean the terns. 

References (2 )  and (3) eive oxplnna- 



rney then be of value in i l l u s t r a t i n q  ce r t a in  concepts and pr inc ip les  that  
may be more vide ly  applied t o  a noc-radioactive pol lu t ion  s i tunt ion.  
have charm t o  discuss ecviron7ent.d r a s i e t ion  exposure bacause such s i t u -  
ations are general ly  more d i f f i c u l t  t o  doni tor  and evaluate than occupztional 
exposures, aepec ie l ly  for ingestion and inhalation. Ilowever, the  8 m c  pr in-  
c ip l e s  and concepts apply t o  o i t h e r  thc  occupational o r  t he  environmental 
case. 

\?e 

t! 

I 
i 
I 

i 

t 
t 

t 
The datenninatioa of rad ia t ion  doses t o  t he  population i n  t he  v i c i n i t y  

of a nuclear f a c i l i t y  f r a  radioact ive vas te  discharges can indeed ba most 
ccnnplei. 
much l a r e a r  and varying mixture of radiat ions frm both na tu ra l  sources and 
occssl&ally ueapans t es t  f a l lou t .  
W l e ,  t he  whole body dose *on llanford plant  releases (mostly from reac tor  
Cooling v a t a r  discharged t o  t h e  Columbia River, the  source of Richland drink- 
ing water) is only about k;' of t h a t  frca na tu ra l  rad ia t ion  sources and about 
the sane aa tho dme due t o  f a l l o u t ,  Wear connericttl p m e r  reac tors ,  on the  
other  hnnd, rad ia t ion  doscs t o  t h e  environmental popultttion h.03 t h e  plant mey 
be smaller t h M  tho contr ibut ion from f a l l o u t  and negl igible  by ccaparison 
with na tura l  sources. 

1 I n  part, t h i s  is due t o  the  superimposition of aay such doses on a 

For a t yp ica l  Ric!ilturd resident ,  f o r  ex- 

4 Where measureable incremes  i n  l o c a l  radiat ion l eve l s  do occur, va l id  
c o t h a t e s  of t he  rcsult inp,  dwcs t o  the  population mny v e l l  require  a knov- 
l e a e  not only of externa l  rad ia t ion  l eve l s  but  also of t he  specific nuclides 
present in various enviroment  media, a0 v e l l  as t h e  extent  t o  which these  
Lve t r a n s n i t t c d  t o  h m a  t h r o u h  t h e  various food chains, Thc need f o r  such 
knwltQe arises becauc of t h e  po ten t i a l  for re-concantrution of s p e c i f i c  
radiolrcclidce a t  various steps i n  t h e  food c h a l n ,  fac tors  for  which may ex- 
c3ed l b 5 ,  Our first 3 figures (o r i e ina l ly  prepared fo r  t e s t i m & ~  by H. !I, 
Parkcr et a Congressional h c a r i n ~  i n  1353) i l lust rate  t h o  po ten t i a l  c m l c x i t y  
of the  fate of B o n e  radfonuclidea and t h e i r  p a z l s ~ e  t h r o v h  food chain8 lead- 
ing t o  h u . ~  consurnption. 

I 

(Figures 1-3) 

The pathways of human exposure aro for tunately l imited,  s ince the  loch1 
res ident  vi11 not be c a t i n c  r i v e r  d ~ a o  or alfalfa, None-the-ler , s major 
scracning progra3 m o y  be nccossary t o  i n o w e  t h a t  none of the  muny'types of 
human foods or r tc ront ionnl  habi t s  r e s u l t  in an wsusf lc ted  pathwG of radi- 
ation exposure. 
of exposura arc kncrm and r c l c m e  r a t a s  are s u f f i c i e n t l y  lov, the monitoring 
and dose evaluation tasks  v i l l ,  of coursa, be areatly sitiqMfied. 

If t h e  po ten t i a l  contributions of d l ~  po ten t i a l  pathways 

1 Standerds for Rad3ation Pmosurezl 
I Both the cont ro l  of plant a f f luents  and thc evaluatia? of an nnvironmental 

a i tun t ion  ar i s ing  from t h e  re lease of such ef f luents  require  cm?ariron of mob- 
ourad or  calculated values wainst opproiciate standards, Water arid a i r  quali- 
t y  standards for non-redioactive contuninanto arc generally i n  t o m  of concen- 
t r a t i o n  l i m i t a .  For i n d u s t r i a l  cxposurc3 t o  tox ic  mtbrh1s, VQ haw thre.rhold 
l l m i t  vnlucs vhich =e, i n  most ensea, t ino-intaerntcd cmcentrat ion l imi tc .  
Stcndarcls f o r  rad ia t ion  protect ia? ,  hwr'over, a re  basad on accumulated rad ia t icn  
dose5 over an extandcd period of tixu t o  thc whole b q  a d  s p c i f i i !  o r ~ m a  of 
thc boQ. 
in the fom of secondary and t er t iar j  staradordo. Tko re lat ion3hip between t h e  
variotx types of atnndurdo nay bc ,mdo c learer  by reforonce t o  t h i a  chnrt ,  

* 

I 

This basis is not d a y s  clenr, since reculatory statements may be 

! 0 0  t P I 8 8  



o r i g i n d l y  Frepared by J. K. Soldat of Battelle-Northwest, (Figure I) 

Notc that as monitoring is s h i f t e d  from the  source ( the  plant  
e f f l u e n t )  toward the  person exposed, one needs t o  m a k e  fewer and 
fewer assumption3 but  is faced with M increasingly d i f f i c u l t  moni- 
t o r i c g  task. Standards baaed on permissible doses me found, f o r  
example, i n  t h e  recanme d a t i  
Radiological Protaction?l t2 ~ 3 ,  an in te rna t iona l  body established 

s of the In te rna t iona l  Cammission on 

1 

The basic  dose standards recommended by the  ICRP a r c  generally used 
d i r ec t ly  for workers occu;_nationally eacposcd t o  rad ia t ion ,  when tpe doee re- 
ceived is lare(ely due t o  ex terna l  sources, 

radionuclides) and i.eritary standnrds (Maxi?nua Pera iss ib le  Concentration8 I n  
air nnd vator]. In  contrant ,  t h e  most au thor i ta t ive  body i n  the country, t h e  
Federdl Radiation Council, has pronuleated intermediate stsndardat ') fo r  non- 
occupational doses i n  tcrmcl of t o t a l  intlrke of several  n cl ides .  
h o r g y  Cor ss lon  i n  i t a  regulation3 for i t s  contractorn?') and for  federa l  
l i c c n s c s a ~ f  provides a l t e rna t ive  standards , e i t h n r  in tegrated rndiat ion dose 
or m u i m u m  porn B iblc  concentrations i n  a i r  and water, 
ton f o r  e x a m p l e t 8 ~ ,  have adopted o n 4  tha  maximun p a m i o s l b l e  concentraticn 

Tho ICRP itself, howtver, has pro- 
vided bath s e c m d w  ( P i h ~ m  Permissible Body i 3 U E ~ n S  of internally-doposited 

The Atomic 

Sme s t t ~ t e n ,  Waahinc- 

vpiuco i n  t h e i r  regulat ions fo r  s t a t e  l icensees  for doses from l i ha l a t ion  or 
ineeation. 

It Is laportant  t o  remember &ere d s a l i n B  vi th  cruch standards t h a t  the  
basis  rtmains an integrated dose fraa all BouTce8 t o  spec i f i c  bow orgnn8. 

I 
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The applicable quote f r a  t h e  ICRP rccommendations(3) is: 

In any organ or t issue,  t h e  Dose Equivalent is t h e  sum of 11 

the  D o s e  Equivalents contributed by both ex terna l  and in- 
t e r n a l  sources.f’ (para,  71) 

Similarly,  t h e  Federal Radiation Council reconrnendations are based on 
, t o t a l  intake f r o m  all sources. The weakncss of any standards expressed only 

as concentrations, without regard t o  po ten t i a l  re-concentration t n  t h e  envi- 
ronment, multiple sources of intake,  o r  po ten t ia l  contributions from external  
sources, should be recognized. 

- 

Methods of Calculation 

In order t o  quantify the e f f e c t s  of various radionuclides on the  d i f f e ren t  
organs of the  human body, t he  In te rna t iona l  Cmnlssion on Radiological Protec- 
t i on  ( I C R P )  has adopted t h e  collcept of a “standard 
ological  and physical paraaeters.  These parameters include: mass of t h e  t o t a l  
body (70 kg), mass of individusl  organs, ef fec t ive  dimensions and b io logica l  
e l i m t i o n  constants for each organ, va t e r  intake rate (2.2 %/day) ,  and a i r  in-  
halat ion rate (20 m 3 / d q ) .  The pararrcters fo r  water and air  balance are  ex- 
pressed i n  terms of both the  &hour work dcy’and the 16 hours not a t  work, 
This time separat ion is made t o  dis t inguish occupational *on; non-occupational 
exposure t o  radionuclides,  and is necessary because d i f f e ren t  l i m i t s  rnoy apply 
t o  each type of exposure, and because intake r a t e s  of water and air a re  d i f -  
ferent  during t h e  two time periods. 

w i t h  assigned. bi-  

, 
Radiation dose standards a re  then assigned t o  the  “standaid m a n ” ,  who is 

deemed t o  represent a l l  adul t  individuals or  groups of individuals exposed t o  
radiat ion.  Ttie ac tua l  standards fo r  annual dose are  abnut order of mswi- 
tudc below those shaving detectable  e f f e c t s  f o r  most acute exposures, and 
about two orders of ma& tudc below those rad ia t ion  doses considered l e t  ha1 
t o  himans 

( I . h x i m U  Pennisaiblo Body Burdens), and t e r t i a r y  standard8 ( E d a x i m d .  Pennis- 
Rclationohips between the  primary dose standards, secondary stw.darde 

’ 

. s i b l e  Concentrations) are ahum i n  Figure 5 .  (Figure 3 )  

The f i r s t  eqdatian r e l a t e s  t he  lhxirnun Permissible Body Burden 
The aecond and t h i r d  equations ( Q )  t o  n permiosible dose r a t e  ( R ) ,  

rclatc the  14oximum Permissible Concentrations i n  a i r  and va tc r  (?sPCa 0 - and !PpC,) t o  the !hxirnun Psrmfsalblo Body Burden. Tho two l a t t e r  
?3 equations havc an exponential t o m  which repreeents a combination 

of b io logica l  removal and radionctivc decay. 
a not apply t o  t h e  G I  t r a c t  because t h e  passake of food through tho 
0 t r a c t  le assumed t o  behave as D s t c p  function r a the r  than QO air cx- 

ponentinl f b c t i o n .  

Theso opuationa 30 
I 

These equntiona provide a bmis f o r  dcoe conversion fac tors  uhich ro l a t a  
the doso received b:~ an orpm t o  the intake of any radionuclide. Any oynor- 
& t i c  e f f e c t s  or  vnritltion i n  physio1o;tical behavior w i t h  chemical ‘form nra  
usuully i p o r o d  a t  t h e  l o w  l eve l s  t o  which cnvironmontal populations ore nor- 
n d l y  exposed. (Fieure 6 )  

Fjgurc 6 ahows t h o  methods uecd t o  calculate  such factorn for  
ncvoral o r ~ a ? s  of the  body, 
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The dose hcteinents received by an organ from each deposited radionuclid? e re  
sirr.ply added t o  determine the  t o t a l  dose, 

An addi t ional  radiat ion dose t h a t  m u s t  be considered is t h a t  received 
fro= sources ex terna l  t o  t h e  body. 
is obtained from measurements of ambient rad ia t ion  l eve l s  and estimates of 
exposure times. 
mined by adding the dose contribution ' from interna1.l.y deposited raCionuclides 
t o  the  dose r e su l t i ng  from external  80urces. 
pared wi th  the maximum p e r d s s i b l e  dose. for the  pa r t i cu la r  organ. 

The dose contrihution from these sources 

The total .  dose t o  a spec i f ic  organ of t h e  body is then deter-  

This t o t a l  dose can then be com- 

It is not feasible t o  de temine  ac tua l  rad ia t ion  doses received by peo- 

These doses 
p l e  i n  the  environs of a nuclear f a c i l i t y  by su f f i c i en t ly  large-scale rout ine 
pereonal dosimeter, bioassay , o r  whole body countinp; programs. 
must therefore  be calculated.  An i n t e g r a l  p a r t  of the dose calculat ion scheme 
therefore  is t h e  determination of appropriate radionuclide intakes. 
for t h i s  determination can be obtained f r o m  a comprehensive environmental BUT- 
vei l lance wogram in con3unction w i t h  eotimates of d ie ta ry  and l i v ing  hab i t s  
of the  environmental population. A comprehensive endronnenta l  survei l lance 
program .should provide da ta  on radionuclide concentrations in foods and bev- 
erages ( i n  t he  d i e t s  of t he  population groups of i n t e r e s t ) ,  on ambient rsdi- 
a t ion leve ls ,  andion radionuclide concentrations in t h e  atmosphere. 
of l o c a l  food and b c v e r q e  per  capi ta  consumption r a t e s  may be obtained from 
rout ine d ic ta ry  ntudiea conducted by various governmental agencies and from 
l o c a l  estimstes.  Hox- 
ever,  8 complctc co l lec t ion  of local data  is d i f f i c u l t  t o  obtain,  end one 
niust r e l y  on publishad d ie ta ry  dnta which are often only applicable i n  8 
general sellae t o  one's own local e i tua t ion ,  

The da ta  

Knatledgc 

Idea l ly ,  all d ie t a ry  da ta  should be of l o c a l  origin.  

After the  r dionucllde concentrations in bevereges and foods and the 
appropriate d i e t , r y  i habits are determined, radionuclide int&cs can be com- 
puted by multiplying t h e  concentration by the  consumption rate of the parti- 
c u l a r  beverage or food. 
d i r ec t ly ,  s ince each radionuclide r e su l t8  i n  a numerically- d i f f e ren t  dose 
per un i t  i n t a k e  f o r  each body orflan, As mentioned earlier, t h e  intake of 
each radionuclide m u s t  be converted t o  u n i t s  of dose i n  order t o  form a corn- 

The intake of each radionuclide cannot be conbined 

:bin-atibn which represents +,ha t o t a l  organ dose. - . .  

L1 Kenford Environmental Pro- 

Tho application of these pr inc ip les  a t  the Hnnford caaplcx has required 
a maJor effort  i n  the determination of c r i t i c a l  exposure pathways and signi- 
f ican t  dietary intakes. To r tpoa t ,  the  f ive  ateps i n  t h e  .dose calculet ion 
process arc: 1) obtaining die ta ry  data ,  2)  determining radionuclide con- 
centrat ions,  3) detem*.ning radionuclide intakes , 4) cs loula t ing  radi- 
a t ion dose and 5)  canparing v i t h  doso stluldnrds, 

0 
Q The acquis i t ion of dietnry d n t a  required a mdor  i n i t i a l  effort, snd a - smaller continuing effort t o  optimize the  data. 
r-4 r e n t l y  ueed for t h e  population in t h e  Unford  environs m e  shwn  i n  Figure 
= 7. (Figure 7) 

The dietary intaker  cur- 

-B - meaa da ta  were obtainad P=om a nmbar of oourcec, including 
publishad d ie ta ry  rurveys conducted by various e;ovarnment aEenciao, 
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R l a rge  body of data from l o c a l  d i e t  questiofineires obtained i n  
conjunction with whole-body counting programs, and spec ia l  m a l l  
and personal interview surveys of consumers of l o c a l  f i s h  and 
@ne. Diets a r e  l i s t e d  for  both a "maximum individual" and a 

scgmcnts were sc l cc t ed  os con t ro l  groups for comparison .vith 
t h e  approprinte F&C otmdards.  Attempts have been coptinued 
to i d e n t i f j  t h e  types of individuals  l i v i n g  i n  the  IIan v d  en- 
virons t h a t  receive the  g rcc t e s t  rad ia t ion  dose. my.. .nce 
acculnulnted from t h e  environmental Rurveillancc program i n d i -  
cctcs such individuals  are undoubtedly persons t h a t  frequently 
eat both fish caught l oca l ly  i n  the  Columbia. River and food- 
s t u f f s  grown on farms i r r i g a t e ?  v i t h  Columbia River water. The 
vast maJority of people who l i v e  i n  Richlarid obta in  t h e i r  food 
from l o c a l  comriercial s t o r e s  ( r a the r  than d i r e c t l y  from fanno) 
and consume l i t t l e  or no fish caught from t h e  .Colu!bia River, 
The p r i n c i p s l  sources of radionuclides inces ted  by thesc  peo- 
p l e  are dr inking water obtained froa t h e  Columbirr River Rnd 
worldwidc f a l lou t .  

typical Richland resident",  Tnesc hypothet ical  populatj  on 11 

The second step of t h e  dose ca lcu la t ion  process,  determining radionuclide 
concentrat ions,  requires  a major, c0ntinuir.g e f f o r t ,  In  a recent year ,  for 
example, t he  cnvironnzntnl dose evaluation prograa a t  h i f o r d  included some 
700 water samples, 300 a i r  samples, 500 milk smples, 100 samples of garden 
produce, and 1500 sam?lcn of fish, game birch, and sea food, Approximately 
500 external rad ia t ion  measurements were a l s o  used in t h i s  prsgran, 
s t a t i s t i c s  do not  include many o thcr  measurcnenta mado solely for t r end  evalu- 
a t ion  or  detect ion of unusuel relccmes, A sunmary of radionuclide conceatra- 
t i o n 3  i n  foods and bcvcrnl;es during 1366 for  t he  two population g r o u p  of in-  
t e r c s t  i s  shown i n  Ficure 8. (ficure 8)  

"hcse 

When data  obtained fron; these t v o  nteps are cornbincd, radionuclide intakes 
and t h e  rcsultinC; doses can bc calculated,  Aftor tho  cxtornal  dose contribu- 
t i o n  is addcd 8 dose corn2ooition such as shown i n  F i rpre  9 c m  be determined. 
(Figure 9 )  

\ 
The doses calculnted f o r  t h e  four  orc-so c'nown randed bctwecn 

1 and 105 of t h e  appropriate l i m i t .  
the voriou? sources t o  t h e  t o t a l  for  each orcan are apparent. 

The r c i n t i v c  contr ibut ion of 

The s i t u a t i o n  presented here  i o  of cource unique t o  the linnford site, as 
m e  noet exposure s i t u a t i o n s ,  whether t o  radionct ive or non-radioactive tiia- 

t c r i a l a ,  . 0:11y I~ruifoi-d, u?orq U. S. nuclenr f a c i l i t i e s ,  rout inely conducts 
ouch n t.ro:.:! rad ia t ion  dosc estimation program, althouzh similar e f f o r t s  hnve 
been mndc iritermittcntl;l elsc-dhcrc( 9). For most i n s t a l ln t iono ,  t h c  impact; 
on cnvironmntal  rccliation l eve l s  is so s l i g h t  t h a t  such a conprehensivc Q 
proI;rc.-n 13 not warractcd fo r  rout ine o p r o t i o n c .  \le believe., hotJevcr t h a t  - thcsc nchtod; can be app l i ed  t o  any exponuro sit:!?tion involvinf: more thnn 

N one mode of CXFO- .2\1rc. 

a 
hJ itrtc.!:Yatcd cx:'iosurc asscssment , p n r t j  c u l w l y  i n  cnvironmcntal s i t ua t ions .  

.&= 

We fu r the r  bnl lcvc t h a t  t h c  futuro ;rill sec more vidc-a?rcad uxc of 



. .  . . . , . . . . , . - , . . . . . 

- 9 -  

! To be successful ,  such use m u s t  incorporate these key steps: 

1) 

2) 

3 )  

The inves t iga t ion  of a lL  p o t e n t i a l  exposure path*?a;.s 

Tne determination of appropriate  a i r ,  water, and food i n t a k e s  
and con t amin aqt con cent r a t  ions 

The approgriate  weichting and. sumat ion  of each source COR- 
t r i b u t i n g  t o  a conunon physiological  effect 

0 0 1 2 4 9 3  



. .  

1. 

2, 

3. 

4. 

5 .  

6 .  

7. 

LI. 

9. 

3EFEREISCES 

In t e rna t iona l  Commission on Radiological Protect ion:  
of the In t e rna t iona l  Corninsion on Rad€olo,?ical P ro teczon  , ICRP Publi- 
ca t ion  2, A Report of Conunittee I1 on Permissible Dose f o r  In t e rna l  
Radiutioa. Pergayon kreRs, 1953, 

Recommendations 

In t e rna t iona l  Canyission on Radiological Protect ion:  
of the  In t e rna t iona l  Cmm€ssion on Radiolosical  Protect ion (PA Axenced 
l 3 9  m d  n e v z z q g  2 , ICRY Publication 6. Pergamon Press ,  l r  

Recommendations 

In t e rna t iona l  Commission on Radioloeical Protection: 
of the  In t e rna t iona l  Con?ission on Radiological Protect ion (Adopted 
September 15, 1965). ICRP Publ icat ion 9. 

Recommendations 

Pargamon Press, 1966, 

Ameri-an Conference of Governmental I n d u s t r i a l  Hygienists: 
L i m i t  Valucs f o r  -1967 s Cincinnati  ,. Ohio, 1967. 

Threshold 
I- 

Federal Radiation Council: 
Radiation Protect ion Staadnrds, S t a f f  Report of the  Federal  Radiation 
-ReDort No. 2. 

Background Material  f o r  t h e  Developen t nf 

Washington, D. C . ,  September, 1961. 

U. S .  Atanio Encrlly Conmission: 
eurcs ,  AEC : 

Perniss ib lo  Lzvels of Radiation Expo- 
, Chapter 0524 and Appendix, Washington, D. C , ,  19511, 

: Standn;-do for .Protection againat Radiation, Coda of Fed- 
m e - t i o n s ,  T i t l e  10, Ptrrt 20, Washinnton, De C., 1 9 m e v i l ; e d )  - 
Wwhir.Ctm S t a t e  Department of Hoalth: 
t r o l ,  Olyrn i n ,  Wash?ngton, December, 19&. 

Regulations f o r  Radiation Con- 

4 - 
. F ,  : A Survey of Environmental Dose Evaluations, NucleFtr . 3 ,  No. 5, Division of Technical hformat ion ,  U. s8 Atomic 

- 
E n c r u  Con?riosion, Septenbar-October 1968. 



FIUURE 1 





4 I 
8 

a 
Q 



- 
n 
L 
0 
V 

LL 

- 
a 

0 
og 
0 
Q 

9 

a 

E 
0 
c 
0 

V 
.I 

E 
0 - 

L 

U 
3 
h 

e 
0 

c 
0 

0 

.... 
U 

U 

0 
Y 

c 
a 
U - m 

a 
H 
0 

i cj  m d . 
W 



v) 

0 
e 
- 
E 

N 

L 
0 

bo, 
urn uo, 
u -  
A a -  
= > >  
Q n  

Q *  
a u  
u w  
mu9 

U 

.. 
W 
u 
L 
W a 
W 
LL 
W a 

I 

i 
W 
CI 
bL = 
m 

n 
n 
I- 
\ 
.cI 

crl 
QI 
rg 

d 
I 

e 
x 
a3 

l 

Y 

rn 
cc, 
I- 

c\ 

U 
b 

h 
I 
0 
r( 

* 
d 
0 
m 

v) W 0 51s 
0.1 0 

CI 

W 

m U 

v) 
v) 

- 
E 
w 
e 

I 



8 

0 * 
de 

W 
a d  

0 
3e 
2= 

n 

LL 
- 
Y 

n% 
0 0  

E 
Y 

ea "I 
8 8 

OL 
0 
c 
0 
a 
L L n  

e 
QL 
0 - 

8 

- 
LL 

W 
Iy 
w 
I 
3: 

W 
Y 

2 

a 
- 
0 
Iy 
LL 

8 

(3 
1 

" z 
a 

0 
II 



BEVERAGE OR 
F O O D  

WATER 

M I L K  

M E A T  

C H I C K E N  

E G G S  

C O L U M B I A  R I V E R  FISH 

SEAFOOD 
F R E S H  LEAFY 
VEGETABLES 

OTHER VEGETABLES 
AND F R U I T S  

WATER 

M I L K  

F R E S H  L E A F Y  
VEGETABLES 

M A X I M U M  
I N D I V I D U A L  
LITERS/YR 

0 250 500 740 lo00 

T Y P I C A L  
R I C H L A N D  
R E  S I D E N T  
LITER S/Y R 

0 230 m 750 lo00 

K G/Y R 
0 25 50 75 100 

M A X I M U M  C H I t D  T Y P .  R I C H L A N D  C H I L D  
L ITER S l Y  R L I T E R  S l Y  R 

0 25 50 75 100 0 25 50 75 100 

FXOURE 7 
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RELATIVE SOURCE C O N T R I B U T I O N  (HANFORD E N V I R O N S )  - 1966 

MAXIMUM I N D I V I D U A L  T Y P I C A L  R I C H L A N D  R E S I D E N T  

BO NE 

TOTA 1 
BODY 

G I  
T R A C T  

T H Y R O I D  
( I NFA N T )  

.ALL O T H E R  F O O D S  

FIGURE 9 
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