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INTRODUCTION 

Foodstuf fs  such as m i l k ,  meat, ch icken,  eggs and l e a f y  vegetables have 

been r o u t i n e l y  c o l l e c t e d  f rom t h e  Hanford env i rons  t o  measure t h e  presence 

o f  r a d i o n u c l i d e s  p o t e n t i a l l y  a t t r i b u t a b l e  t o  Hanford ope ra t i ons .  S i m i l a r l y ,  

samples o f  f i s h ,  deer, and game b i r d s  f rom t h e  Hanford env i rons ,  as w e l l  as 

o y s t e r s  f rom Wi l l apa  Bay, have been analyzed. The da ta  ob ta ined  f rom 1971 

through 1975 a r e  i nc luded  i n  t h i s  document w i t h  t h e  except ion  o f  game b i r d s .  

The game b i r d  da ta  have been pub l i shed  i n  a  separa te  r e p o r t  (BNWL-2089). ( 1  

The r e s u l t s  f o r  t h e  p e r i o d  1971-1975 presented i n  t h i s  r e p o r t  p r o v i d e  

an assessment o f  t h e  impact f rom Hanford ope ra t i ons  f o r  these years  i n  

p a r t i c u l a r .  However, t hey  a l s o  serve  t o  assess t h e  s i g n i f i c a n c e  o f  any 

cumula t i ve  b u i l d u p  o f  t h e  r a d i o n u c l i d e s  observed d u r i n g  t h e  25 yea rs  o f  

Hanford ope ra t i ons  p rev ious  t o  t h i s  t ime  pe r i od .  

Whenever poss ib le ,  t h e  da ta  were analyzed f o r  apparent  d i f f e r e n c e s  be- 

tween l o c a t i o n s  p o t e n t i a l l y  a f f e c t e d  by Hanford ope ra t i ons  and those  un- 

1  i k e l y  t o  be a f f ec ted .  I n  a l l  cases, d i f f e r e n c e s  f rom yea r  t o  y e a r  which 

may be r e l a t e d  t o  changes i n  Hanford ope ra t i ons  were examined. I n  some 

cases, s p e c i f i c  r a d i o n u c l i d e s  were observed t h a t  were d i r e c t l y  r e l a t e d  t o  

re l eases  f rom t h e  once-through c o o l i n g  p roduc t i on  r e a c t o r s ,  t h e  l a s t  o f  

which was d e a c t i v a t e d  d u r i n g  January 1971. 

A l l  o f  t h e  da ta  f o r  each yea r  i s  presented i n  t a b u l a r  form. Average 

va lues  and range o f  va lues observed a r e  inc luded.  Sequent ia l  t ime  and/or 

log-normal p r o b a b i l i t y  p l o t s  o f  t h e  da ta  a r e  p rov ided  whenever s u f f i c i e n t  

da ta  a r e  g r e a t e r  t han  t h e  d e t e c t i o n  l e v e l .  Dose es t imates  a r e  p rov ided  

wherever a  s p e c i f i c  impact i s  a t t r i b u t a b l e  o r ,  i n  some cases, p o t e n t i a l l y  

a t t r i b u t a b l e  t o  Hanford ope ra t i ons .  



Selected foods tu f f s  and w i l d 1  i f e  have r o u t i n e l y  been c o l l e c t e d  from 

the  Hanford S i t e  envi rons t o  assess the  s ign i f i cance  o f  dose f rom r a d i o -  

nuc l ides  which may be a t t r i b u t a b l e  t o  Hanford opera t ions .  Oysters f rom 

the  Washington coas t  have a1 so been c o l  l e c t e d  and analyzed. Observat ions 

have shown t h a t ,  w i t h  few except ions, the  popu la t i on  has no t  rece i ved  r a -  

d ionuc l i de  concent ra t icns  above n a t u r a l  o r  f a l l o u t  l e v e l s .  Most except ions 

r e s u l t e d  f rom opera t i on  of the  once-through c o o l i n g  product ion  reac to rs ,  

t he  1  a s t  of which was deact iva ted  du r ing  January 1971. High1 i g h t s  o f  a1 1  

observat ions f o l l o w s :  

M i l k - -Na tu ra l l y -occu r r i ng  4 0 ~  was observed most f r e q u e n t l y ,  and 

from t h e  a v a i l a b l e  data, a  median value o f  about 1000 pCi/a was 

obtained. A median val  ue o f  9 0 S r  was observed between 2  p C i / t  

and 4 pCi/a and a t t r i b u x e d  t o  f a l l o u t .  Ioaine-131 was observed 

occasional l y  w i t h  the  h igher  concent ra t ions  genera l l y  f o l l  owing 

an atmospheric nuc lear  de tonat ion  by the  Peoples Republ ic  of 

China. The appearance o f  65Zn was a t t r i b u t e d  t o  pas t  ope ra t i on  

o f  the once-through coc7 i r g  p roduc t i on  reac to rs .  Dur ing 1971 , 
the  50-year whole body dose commitment p o t e n t i a l l y  rece ived by a  

person consuming 365 l i t e r s  o f  m i l k  con ta in ing  100 pCi/a of 65Zn 

was 0.1 mrem. (See pages 6-9.) 

Beef--Potassiun-40 was observed i n  the  h ighes t  concent ra t ions  and 

a  median value o f  2 pCi /g was observed. Stront ium-90 and 1 3 7 ~ s  

were observed occas iona l l y ,  and a t t r i b u t e d  t o  worldwide f a l l c u t .  

(See pages 10-12.) 

Chickens and Eggs--Potassium-40 was the  o n l y  r a d i o n u c l i d e  ob- 

served c o n s i s t e n t l y .  A median value f o r  ch icken and eggs of 

1.8 pCi /g and 0.9 pCi/g, r e s p e c t i v e l y ,  was observed. (See pages 

12-15.) 

Green Leafy Vegetables--A median value f o r  4 0 ~  o f  3  pCi/g was 

observed i n  samples of spinach, l ea f  l e t t u c e ,  t u r n i p  greens and 

mustard greens. S t r o n t i  urn-90, observed i n  most samples , was 

a t t r i b u t e d  t o  f a l l o u t  and showed a  median concent ra t ion  o f  



0.01 pCi/g.  Only one a n a l y s i s  o f  137Cs was above t h e  d e t e c t i o n  

1  eve1 . (See pages 15-1 7. ) 

Whi te f ish- -Potass ium-40 f rom n a t u r a l  causes as w e l l  as 9 0 S r  and 

137Cs a t t r i b u t e d  t o  fa1 1  o u t  were observed. Median concen t ra t i ons  

f o r  40K and 137Cs were 3.2 pC i /g  and 0.17 pCi /g ,  r e s p e c t i v e l y .  

'The m a j o r i t y  of  w h i t e f i s h  analyzed f o r  g O S r  y i e l d e d  l e s s  t han  

d e t e c t i b l e  r e s u l t s .  However, a  median c o n c e n t r a t i o n  between 

0.001 and 0.01 pC i /g  i s  es t imated .  Phosphorus-32 and 65Zn were 

observed and a t t r i b u t e d  t o  o p e r a t i o n  of t h e  once-through c o o l i n g  

r e a c t o r s .  F o l l  owing d e a c t i v a t i o n  o f  t h e  1  a s t  of these r e a c t o r s  

d u r i n g  January 1971 , 32P w i t h  a  h a l f - 1  i f e  o f  14 days showed 

r a p i d  d e c l i n e .  Z inc-65 concen t ra t i ons  gradual  l y  dec l  i n e d  and 

were l e s s  t han  d e t e c t i b l e  by 1973. Assuming t h a t  d u r i n g  t h e  

y e a r  1971, a  l o c a l  person consumed 18 kg o f  f i s h  c o n t a i n i n g  t h e  

average q u a n t i t y  o f  32P  and 65Zn observed t h a t  yea r ,  he would 

have i n c u r r e d  a  50-year whole body dose cornrni tment o f  0.4 mrem 

and 0.3 mrem, r e s p e c t i v e l y .  (See pages 18-22.) 
Deer-Potassium-40 was observed most f r e q u e n t l y  and i n  t h e  

g r e a t e s t  concen t ra t i ons  wit11 a  median observed c o n c e n t r a t i o n  o f  

about  2.5 pCi /g .  Cesium-137 was d e t e c t e d  i n  a  few deer  samples, 

b u t  i t  i s  d i  f f i c u l  t t o  determine whether  Hanford ope ra t i ons  have 

c o n t r i b u t e d  t o - t h o s e  l e v e l s .  S t ron t ium-90  was l e s s  than  d e t e c t -  

i b l e  i n  a l l  b u t  one sample. (See pages 22-24.) 

N i l  l apa  Bay Oysters--Potassium-40 was de tec ted  i n  a1 1  samples 

and a  median c o n c e n t r a t i o n  o f  about  2 pCi /g  was observed. For  

137Cs, 8 o f  t h e  35 samples analyzed y i e l d e d  s l i g h t l y  p o s i t i v e  

r e s u l t s  which c o u l d  be a t t r i b u t e d  t o  f a l l o u t .  Dur ing  t h e  5-year 

pe r i od ,  a  d ramat ic  decrease i n  65Zn concen t ra t i ons  i n  o y s t e r s  

was observed w i t h  an approx imate 1 0 0 - f o l d  decrease between 1971 

and 1975. For 1971, dose c a l c u l a t i o n s  f o r  a  person consuming 

9  kg o f  o y s t e r  meat c o n t a i n i n g  t h e  average c o n c e n t r a t i o n  of  65Zn 

observed (4.6 pC i / g )  r e s u l  t i n  a  p o t e n t i a l  50-year dose corruni tment 

of 0.3 mrem t o  t h e  who1 e  body and 0.2 mrern t o  t h e  bone. (See 

pages 24- 26. ) 



The p receed ing  dose es t ima tes  may be compared t o  t h e  approx imate 

100 mrem/yr r e c e i v e d  f r om n a t u r a l  l y - o c c u r r i  ng r a d i  onuc l  i d e s  o r  a  dose 

accumula t ion  o f  5000 mrem (50 x  100) d u r i n g  50 yea rs .  Potassium-40 

c o n t r i b u t e s ,  i n t e r n a l l y ,  a  whole body dose o f  abou t  20 mrem pe r / yea r  and 

i s  i n c l u d e d  i n  t h e  100 mrem pe r / yea r  n a t u r a l  background dose. 



FOODSTUFF DATA APIALYS I S  

To assess t h e  p u b l i c ' s  p o t e n t i a l  exposure t o  r a d i o n u c l i d e s  f r om Han- 

f o r d  ope ra t i ons ,  a  v a r i e t y  o f  f o o d s t u f f s  i n c l  t id ing m i l  k, meat, ch ickens,  

eggs and l e a f y  vegetabl  es have r o u t i  n e l y  been c o l l  e c t e d  f r om t h e  Hanford 

env i r ons .  Radionucl i d e s  observed i n c l u d e d  n a t u r a l  l y - o c c u r r i  ng 40K ,  as we1 1  

as t h e  r a d i o n u c l i d e s  9 0 S r  and 137Cs c o n t r i b u t e d  by wor ldw ide  f a l l o u t .  Ra- 

d i onuc l  i d e s  o f  Hanford o r i g i n  would be s i m i l a r  t o  those from fa1 l o u t  and 

must n e c e s s a r i l y  be p resen t  i n  g r e a t e r  l e v e l s  than  t h e  f a l l o u t  nuc l i des  t o  

be d e t e c t i b l e .  The f o l l o w i n g  sec t i ons  examine t h e  da ta  f o r  each foodstuf f  

ca tegory  sepa ra te l y .  F i g u r e  1  shows sampl i ng 1  oca t i ons  of a1 1  foodstuf fs .  

FIGURE 1  . F o o d s t u f f  Sampl i n g  Loca t ions  f rom Local  
Farms i n  t he  Hanford Envi rons , 1971 -1 975. 
Samples were a l s o  ob ta i ned  f r om R e t a i l  
Out1 e t s  



MILK - 
M i l k  has been sampled from l o c a l  farms n e a r  t h e  H a n f o r d  S i t e ,  f r o m  t h e  

Pasco R i v e r v i e w  Area (wh ich  i s  i r r i g a t e d  w i t h  Columbia R i v e r  w a t e r )  and f r o m  

two corr~mercial  sources (wh ich  o b t a i n  m i l k  p r i n c i p a l l y  f r o m  e i t h e r  s i d e  o f  

t h e  Cascade moun ta in  r z n g e ) .  I t  has r c u t i n e l y  been ana lyzed  f o r  gamma- 

e m i t t i n g  r a d i o n u c l i d e s ,  9 0 ~ r  and l X 1 .  The r e s u l t s  of  t h e s e  ana lyses  a r e  

summarized i n  Tab1 e 1. 

TABLE 1. Radiochemical  Analyses o f  M i l k  Samples 

Un i t s  o f  pCf /a  

4 0 ~  9 0 S r  
No. o f  No. of 

Year Samples Max. Min. Av?(a' Samples Max. Min. Avg. - 
Local Farms 

1311 

No. of  .. . - 

Samples Max. 3 Avg. 

Riverview Farms 

1971 32 1500 * <I120 4 3 .4  0 . 7  2 .3  21 2 . 3  * c2.0 
! 972 '26 1900 743 l i 60 4 4 . 4  1 . l  2 . 7  28 <2.0  

1973 26 1300 700 1150 4 1 . 5  0 .7  1 .1  28 * ~ 2 . 0  

1974 26 1400 710 1000 J 2.6 < I  .6 25 3.0 * <0.5 

1975 26 1200 720 830 P 3.2 ~ 1 . 5  26 0 .4  -0.4 

Eas t e rn  Watershed 

1971 3 3 3 .7  0 . 5  2.1 2 1 3.1 <2.0 
1972 2 1 1700 8?0 1200 4 3 .7  1 .5  2 .5  2 5 * c2.0 

1973 24 1400 820 1080 3 2.4 0 .8  1 . 7  24 * <2.0  

1974 1 3  1230 950 7 3.2 ~ 1 . 4  1 3  * ~ 0 . 5  

1375 14 1200 730 970 4 5 .5  0 .6  2 .6  14 0 . 8  <0.5  

Western Watershed 

1971 12 1500 930 870 4 6 .5  3.9 5 .2  10 
* ~ 2 . 0  

1972 1 2  1700 980 1260 4 7.1 0 . 8  6 .4  12 * <2.0 

1073 12 1400 820 1120 4 7 .6  1 .O 3.0  12 * <2.0  

1974 11 1300 820 I050 4 5.5 - <2.3  11 t t <O. 5 

1975 14 1300 820 1040 3 5 . 3  <2.6 14 t <0.4  

* ~ e s s  t han  d e t e c t i b l e .  Approximate d e t e c t i o n  l e v e l s  a r e  42K. *,600-, ?OSr. 0 .5 - ,  and 1311, 2- o C i / e  dur ing  
1971-1973. 0 . 5  o C i / r  dur ing  1974. and 0.4 p C i / e  dur ing  1975. 

' a ) ~ v e r a g e  f o r  d a t a  con t a in ing  l e s s - t h a n  values  was c a l c u l a t e d  by assuming a l l  l e s s - t h a n  va lues  a r e  equal t o  
t h e  d e t e c t i o n  l eve l  and showing t h e  average  a s  a l e s s - t h a n  number. 



Before  February 1971, r o u t i n e  a n a l y s i s  was made f o r  3 2 P .  Fo l  l o w i n g  t h e  

January 1971 d e a c t i v a t i o n  o f  t h e  l a s t  once- through coo l  i n g  r e a c t o r ,  t h i s  

a n a l y s i s  was stopped ( 3 2 P  - 14 day h a l f l i f e ) .  

Potassium-40 i s  a  n a t u r a l l y - o c c u r r i n g  r a d i o n u c l i d e  and i s  p resen t  i n  

t h e  g r e a t e s t  c o n c e n t r a t i o n s .  F i g u r e  2 i s  a  log-normal  p r o b a b i l i t y  p l o t  o f  

t h e  40K and 90Sr  da ta  f o r  each o f  t h e  commercial sources o f  m i l k ,  one f r om 

each s i d e  o f  t h e  Cascades. The f i g u r e  shows t h a t  t h e  40K c o n c e n t r a t i o n s  

a r e  i d e n t i c a l .  S t ron t ium-90  i s  p resen t  i n  t h e  env i ronment  f r om  wor ldw ide  

f a l l o u t .  F i gu re  2 shows t h a t  g e n e r a l l y  t h e  c o n c e n t r a t i o n s  i n  m i l k  a r e  

s l i g h t l y  h i g h e r  west  o f  t h e  Cascades than  e a s t  o f  t h e  mountains.  Th i s  can 

be a t t r i b u t e d  t o  t h e  h i g h e r  r a i n f a l l  west  o f  t h e  mountains.  From F i g u r e  2 

a  median va lue  of  a p p r o x i ~ a t e l y  1000 p C i l a  f o r  4 0 K  and between 2 and 

4  p C i l a  f o r  90S r  wou ld  be expected. 

- - .- E 3 0 WESTERN WATERSHED 
0, 

z- 100 . . EASTERN WATERSHED 

- - 
0.1 I I I I I I I I I I 

2 20 40 60 80 98 99 
CUMULATIVE PERCENT 

FIGURE 2. P r o b a b i l i t y  P l o t  of M i l k  Samples Obta ined  from 
Commercial Sources Represen t i  ng Watersheds 
Eas t  and West o f  t h e  Cascades 
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Figure 3 i s  a log-normal probability plot of the 9 0 ~ r  data for  local 
farms, Riverview farms, and comnercial sources from the Eastern watershed. 

Apparently, there i s  no obvious difference in the concentrations observed 
in milk from the d i f ferent  sources. 'This indicates that  any Hanford con- 
tributions to the levels a t  local or  Riverview farms are indistinguishable 

from the levels in commercial mi' l  k f o r  the region. From Figure 3, a 

median value of 2 pCila of 9 0 ~ r  would be expected for  a1 1 milk produced 
in the Hanford region. 

Iodine-1 31 concentrations were generally less  than detecti  bl e ,  as 
showr; in Table 1 ,  with a few occasior;al positive measurements. Figure 4 

i s  a sequential plot of the positive 1311 data from 1971 through 1975. 
Included in Figure 4 i s  an indication of the occurrence of atmospheric 

nuclear detonations in the Northern Hemisphere by the Peoples Republic of 

China, which generally preceded the higher observed concentrations. This 

was particularly true during the l a t t e r  part  of 1371, the early part  of 
1972, middle of 1973, and the middle of 1974. The concentrations observed 

a t  cther t ines to  be s l ight ly  above the detection level are  at t r ibuted to  

the s t a t i s t i c a l  uncertainty in performing low-level radiochemical ana.lyses. 

a LOCAL FARMS m 
RIVERVIEW FARM 9 0 ~ r  . mz 

rn rnz 
0 COMMERCIAL. EASTERN WAiERSHEO #tm: 

. . Me 
m ~ e w  

0.11 I I I I I I :  ! I 

2 20 r10 60 30 98 99 
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FIGllRE 3. Probability Plot of 90Sr Concentrations in 
Milk from Hanford Vicinity Farms 
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Also shown in  Figure 4 i s  the gradual decl ine  in  6 5 Z n  concentrations 
i n  milk from the Riverview farms. Zinc-65 was a prevalent  contaminant in  

the  r i v e r  water used f o r  i r r i g a t i o n  and resul ted from operation of the  

once-through cool ing production reactors .  Fol lowing deactivation of the 

1 a s t  of these reactors  during January 1971 , the 6 5 Z n  concentrations 

gradually became undetecti bl e .  Assuming an individual consumed 

365 l i t e r s ( * )  of milk during 1971 containing 100 pCi/e of 6 5 Z n ,  he o r  she 

would incur a 50-year dose commi tment of 0.1 mrem to  the whole body. 

ATMOSPHERIC NUCLEAR DETONATION I N  M E  N O R M E R N  HEMI SPHERE 

I l l l l l ! l / l l ! ~ l l l l  

D J  J D J  J D 
1971 1972 1973 1974 1975 

FIGURE 4. Observed 65Zn and 1311 Concentrations 
in Milk Obtained from Hanford Vicinity 
Farms 



B E E F  - 
Samples were taken of beef grown in Pasco's Riverview area and from a 

local slaughtering and packing plant .  The samples were routinely col lected 

to assess the potential  presence of radionuclides a t t r i bu t ab l e  to  Hanford 

operations.  The packing plant receives c a t t l e  from local farms throughout 

the e n t i r e  region whereas the Riverview area i s  d i r ec t l y  downstream and 

downwind of the  Hanford S i t e ,  as shown in Figure 1 .  

Table 2 summarizes the maximum, minimum, and average concentration 

observed f o r  ' + O K ,  90Sr and 137Cs f o r  samples from local and Riverview 

farms f o r  each of the years 1971 through 1975. The tabled data indicates  

no apparent increase in levels  fo r  the Riverview samples. There i s  an 

apparent s l i g h t  decrease i n  90Sr  and 137Cs concentrations from 1971 

through 1975 t h a t  i s  l i ke ly  a t t r i b u t a b l e  to  the gradual decline of a t -  

mospheric f a l l o u t  a c t i v i t y ,  the major source of 90Sr and 137Cs in  the  

erivironment. No other  radionuclides were observed except naturally-oc- 

curring ' +OK.  

Figure 5 i s  a log-normal probabil i ty p lo t  of the ' + O K ,  90Sr  and 13?cs 

data g rea te r  than the detection level f o r  a l l  of the beef samples. Potas- 

sium-40, a naturally-occurring radionuciida, was abserved most frequently 

and i n  the  g rea t e s t  concentration. From the data in  Figure 5, a median 

concentration f o r  4 0 K  in  beef of about 2 pCi/g would be expected. The 

90Sr  and 137Cs shown in  Figure 5 a re  a t t r i bu t ed  to  worldwide f a l l o u t .  

Although the  majority of the  9 0 ~ r  and 137Cs data a r e  l e s s  than de t ec t i b l e ,  

one can estimate an expected median value by extrapolation from the plot-  

ted data. From Figure 5, the median value f o r  SOSr would be between 

0.0002 and 0.002 pCi/g; f o r  137Cs the  median would l i e  between 0.05 and 

0.5 pCi/g. The broad range f o r  these estimates i s  due t o  the ra ther  l a rge  

s t a t i s t i c a l  uncertainty associated with the  s1 ight ly  pos i t ive  data.  



Year 

TABLE 2. Radiochemical Analyses o f  Beef  Samples Obtained 
f r om Local  Farms and t h e  R iverv iew Farming Area 

U n i t s  o f  p C i / g  (Wet Weight)  

No. o f  
Samnl es 

R i  v e r v i  ew 

Concen t ra t i on  
Max M(a) - 

Local  Farms 

b!o. o f  
Samples 

Concen t ra t i  on 
Max - Y i  n  - Av s - 

* 
Less than  d e t e c t i b l e .  D e t e c t i o n  l e v e l s  a r e  approx imate ly :  4 0 ~ ,  0.6-; 9 0 ~ r ,  
0.002-; and 1 3 7 ~ s ,  0.04-pCi/g. 

( a ) ~ v e r a g e  f o r  da ta  c o n t a i n i n g  l e s s - t h a n  va lues was c a l c u l a t e d  by assuming 
a1 1  l e s s - t h a n  va lues  a r e  equal t o  t h e  d e t e c t i o n  l e v e l  and showing t h e  
average as a  l e s s - t h a n  number. 
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FIGURE 5 .  P r o b a b i l i t y  P l o t  o f  '+OK, 9 0 S r  and 137Cs 
A c t i v i t y  i n  Beef Samples 

CHICKENS AND EGGS 

Each y e a r  a  few ch ickens  and eggs have been c o l l e c t e d  f r om l o c a l  farms 

near t h e  Hanford S i t e  and f rom cha in  g roce ry  s t o r e s  f o r  gamma s p e c t r a l  and 

9%r a n a l y s i s .  Gene ra l l y ,  t h e  cha in  g rocery  s t o r e s  have c a r r i e d  p roduc ts  

which a r e  n o t  l o c a l l y  grown. Any i n c r e a s e  i n  r a d i o n b c l i d e  c o n c e n t r a t i o n s  

observed f o r  l o c a l  samples compared t o  t h e  c h a i n  s t o r e  samples would i n d i -  

c a t e  an apparen t  i n p a c t  f rom Hanfc rd  ope ra t i ons .  

Tables 3  and 4  summarize t h e  maximum, minimum, and average concentra-  

t i o n  of  '+OK, 9 0 S r  and 137Cs i n  l o c a l  farm and s t o r e  samples f o r  each yea r ,  

1971 th rough 1975. The tab1 ed da ta  i n d i c a t e s  no d i s t i n g u i s h a b l e  Hanfo rd  

impac t  because t h e  m a j o r i t y  o f  t h e  r e s u l t s ,  excep t  f o r  '+OK,  were l e s s  than  

t h e  d e t e c t i o n  1  eve1 . Na tu ra l  l y - o c c u r r i  ng 40K was observed i n  t h e  g r e a t e s t  

concen t ra t i on .  Occas iona l l y ,  9 0 ~ r  1 eve l s  were observed near  t h e  d e t e c t i o n  

l i m i t .  Cesium-137 concen t ra t i ons  were l e s s  than  d e t e c t i b l e  f o r  a1 1  b u t  

one egg sample. The s i n g l e  p o s i t i v e  measurement was taken i n  1972 and was 

s l i g h t l y  above t h e  d e t e c t i o n  l i m i t  o f  0.04 pCi/n.  

F i g u r e  6  i s  a  log-normal p r o b a b i l i t y  p l o t  of n a t u r a l  l y - o c c u r r i u g  ' + O K  i n  

ch icken  muscle t i s s u e  and eggs. From F i g u r e  6, a  median 4 0 ~  c o n c e n t r a t i o n  

i n  ch ickens and eggs of 1.8 pCi /g  and 0.9 pCi /g ,  r e s p e c t i v e l y ,  wou ld  be ex- 

pec t e d  . 
12 



TABLE 3. Radiochemi ca l  Analyses o f  Chicken Muscle 
Obta ined f r om Local  Farms and Commercial 
S to res  

U n i t s  o f  pCi /g  (Wet Weight)  

Local  Farms C o m e r c i  a1 Sources 

Flo. o f  Concen t ra t i on  No. o f  Concent ra t ion  
Year Samples Max - fi Avg - Avg ( a )  Samples Max - M i  n 

X 

Less than  d e t e c t i  b l e .  D e t e c t i o n  1 i m i  t s  a r e  approx imate ly :  40K,  0.6,; gOSr, 
, . 0.002-; and 137Cs, 0.04-pCi/g. 
( a ) ~ v e r a g e  f o r  da ta  c o n t a i n i n g  1 ess- than v a l  ues was c a l  c u l  a t e d  by assuming 

a l l  l e ss - t han  va lues  a r e  equal t o  t h e  d e t e c t i o n  l e v e l  and showing t h e  
average as a l ess - t han  number. 



TABLE 4. Radiochemical Analyses of Chicken Eggs Obtained 
from Local F a r m  and Commercial Stores 

Un i t s  of pCi /g (!,Jet bleight) 

Local Farms Comrnerci a1 Sources 

No. o f  Concentrat ion No. of Concentrat ion 
Year Samples - Max - - Min Sarrples - Max Min Avg 

* 
Less than d e t e c t i  b l e .  Detec t ion  l e v e l s  a r e  approximate ly :  4 0 ~ ,  0.6,; 9 0 ~ r ,  
0.002-; and 1 3 7 ~ s ,  0.04-pCi/g. 

( a ) ~ v e r a g e  f o r  data con ta in ing  l e s s  than values was c a l c u l a t e d  by assuming 
a l l  less- than values a r e  equal t o  t h e  de tec t io r l  l e v e l  and showing the  
average as a 1 ess-than number. 
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FIGURE 6 .  Probability Plot of Naturally-Occurring 
'+OK Concentrations in Chicken and Egg 
Samples 

G R E E N  LEAFY VEGETABLES 

A few samples of green leafy vegetables such as spinach, leaf le t tuce ,  

turnip greens and mustard greens have been collected each year during the 

summer growing season from local farms and commercial s tores  fo r  analysis.  

Local f a r m  sampled always incl uded the Riverview area as shown i n  Figure 1 . 
Because the commercial produce samples a re  generally not locally grown, they 
r e f l ec t  levels of radionuclides due to  f a l lou t .  

Tab1 e 5 summari zes the maximum, mi ni mum,  and average concentration ob- 
served for  ' + O K ,  90Sr and 137Cs f o r  samples from local farms and grocery 
s tores  for  each of the years,  1971 through 1975. There i s  no apparent d i f -  

ference between concentrations for  samples from local farms and commercial 
s tores .  Naturally-occurring '+OK was observed in the highest concentrations. 
Strontium-90 measurements were generally posit ive and the levels observed 

are  a t t r ibuted  to  worldwide fa l lout .  Cesium-1 37 resul ts  were less  than 

detect ible  with one exception for  a sample collected from a s tore  in 1971. 



TABLE 5 .  Radiochemical Analyses of Green Leafy Vegetables 
Obtained from Local Farms and Com~iiercial Stores 

Units of pCi/g (Wet Weight) 

Local Farms Commercial Stores 

1\10. of 
Year Samples - 

Concentration No. cf Concentration 
Max - Mi n - Samples Max - Min Avg 

* 
Less than detectible.  Detection levels are approximately: '+OK, 0.8,; 90Sr,  
0.003-; and 137Cs, 0.1-pCi/g. - 

( ' ) ~ v e r a ~ e  f o r  data containing 1 ess-than values w a s  calculated by assuning 
a1 1 less-than values are equal t o  the detection level and showing the 
average as a less-than nunlber. 



F i g u r e  7 i s  a  log-normal p r o b a b i l i t y  p l o t  o f  t h e  40K and 9 0 S r  da ta .  

Based on t he  da ta  shown, a  median 40K c o n c e n t r a t i o n  o f  about  3 pCi /g  would 

be expected. The 9 0 ~ r  p l o t  i l l u s t r a t e s  t h e  s i m i l a r i t y  o f  t h e  l o c a l  fa rm 

and g rocery  s t o r e  concen t ra t i ons .  The expected median c o n c e n t r a t i o n  f o r  

9 0 S r  would be about  0.01 pCi/g.  
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FIGURE 7. P r o b a b i l i t y  P l o t  o f  40K and 9 0 S r  
Concen t ra t i  ons i n Lea fy  Green 
Vegetables 
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WILDLIFE DATA ANALYSIS 

A few wi ld l i f e  species play z n  important ro le  i n  assessing the po- 

t en t i a l  dose to  people from Hanford operations.  The routinely col lected 

species include game birds ,  f i s h  and deer i n  the  Hanford environs as well 

as oysters from Willapa Bay along the Pac i f ic  Coast. The game bird data 
f o r  1971 through 1975 have been evaluated in another report .  ) The species 
of Columbia River f i sh  collected was whitefish because they a r e  prominent 

and a r e  caught throughout the year.  Generally, deer samples were obtained 
from road accidents on the Hanford S i t e .  The locations of the samples 

analyzed a r e  shown in  Figure 8. Oysters were obtained from a commercial 
suppl ier  who farms i n  Wil lapa Bay. Radionucl ides observed included natural ly-  
occurring ' + O K ,  as well as the worldwide fa1 l ou t  radionucl ides ,  90Sr  and 137Cs. 

Radionucl i des of Hanford or igin  observed included 32P and 6 5 Z n  from operation 

cf  the  once-through cooling production reactors and possibly 137Cs a t  near 

f a l l o u t  l eve l s .  The following sections examine the data f o r  each w i l d l i f e  

species ,  separate ly .  Figure 8 shcws the location of a l l  f i s h  and deer 

sampl es . 

Each year f o r  f i v e  years ,  quar ter ly  samples of whitefish from the 

Columbia River have been routinely col lected adjacent to  and immediately 
downstream of the Hanford S i t e .  The samples were taken to  assess the  con- 
centra t ion of radionuclides potent ia l ly  a t t r i bu t ab l e  t o  Hanford operat ions .  

Table 6 summarizes the maximum, minimum and average concentrations ob- 

served f o r  4 0 K ,  32P ,  "Zn,  90Sr  and 1 3 7 ~ s  f o r  each of the  years 1971 through 

1975. The tabled data shows tha t  following the  January 1971 shutdown of 

the  l a s t  once-through cool ing production reac tor ,  the  32P and 6 5 Z n  concen- 

t ra t ions  showed a rapid decrease. Because of the approximate 14 day half -  

l i f e  f o r  3 2 P ,  t h i s  par t i cu la r  analysis  was stopped as a routine analyses 

a f t e r  March 1971. Occasional analyses were done a f t e r  t h i s  date t o  insure  

t ha t  continuing reactor  operations did not contribute s ign i f i can t  quan t i t i e s  

of 32P  to  the r i ve r .  Observed levels  of 9 0 ~ r  and 1 3 7 ~ s  S ~ O W  no obvious 

pattern and can be a t t r i bu t ed  to  worldwide f a l l o u t .  
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FIGURE 8. Deer and W h i t e f i s h  Sample 
Col 1  e c t i o n  Loca t ions  f rom 

F igu re  9  i s  a  sequen t i a l  t ime  p l o t  o f  t he  4 0 ~  and 65Zn da ta  ob ta ined  

f rom 1971 through 1975. The p l o t t e d  da ta  i l l u s t r a t e  t h e  cons i s tency  of t h e  

n a t u r a l l y - o c c u r r i n g  concen t ra t i ons  observed th roughout  t h e  5-year p e r i o d .  

F igu re  9 shows the  r a p i d  d e c l i n e  o f  65Zn concen t ra t i ons  i n  w h i t e f i s h  f o l l o w -  

i n g  shutdown of t he  l a s t  o f  these r e a c t o r s .  Zinc-65 had been re leased  t o  
t h e  r i v e r  by t he  once-through c o o l i n g  p roduc t i on  r e a c t o r s .  



TABLE 6. Radiochemical Ana l ys i s  
o f  W h i t e f i s h  

Year - 
1971 
1972 
1973 
1974 
1975 

Year - 
1971 
1972 
1973 
1974 
1975 

Year 

197i  
1972 
1973 
1974 
1975 

U n i t s  o f  pC i / g  (Glet Weight)  

NO. of  4 @  K 32p(a) 
Sampl es 1.l a x - M i  n - Avg(b)  - Max .M~J Avg 

2 0 6.9 2.8 3.8 3 6 * < 3 
2 1 4.9 2.6 3.4 * * * 
2 2 4.1 2.8 3.4 * * * 
10 3.9 2.1 3.0 * * * 
9 10.0 2.8 4.0 * * * 

No. o f  55Zn 137Cs 
Sarr~pl es Max - M i  n - &9 - Max fi Avg 

20 5.6 0.7 2.2 0.5 0.2 0.3 
2 1 0.9 * <O. 4 0 .3  * <O. 2 
22 0.3 * <0.1 0.2 * <O.  1 
10 0.2 * <0.1 0.1 * <0.1 

9 * * <0.1 0.4 * <0.2 

No. o f  9 C S r  
Sampl es Max - M i  n - Avg 

X 

Less t han  d e t e c t i b l e .  D e t e c t i o n  l e v e l s  a r e  app rox ima te l y :  4 0 ~ ,  1 ; 
32P, 1; 65Zn, 0.1; 9 0 S r ,  0.005; and 137Cs, 0.1 pC i /g .  

( a ) ~ o u t i  ne l o w - l e v e l  ??P analyses s topped a f t e r  March 1971 f o l l o w i n g  
shutdown of  KE. A few analyses were done each y e a r  a f t e r  1971. 

( b ) ~ v e r a g e  f o r  da ta  c o n t a i n i n g  l ess - t han  va lues was c a l c u l a t e d  by 
assuming a1 1 1 ess- than va lues  a r e  equal t o  t h e  d e t e c t i o n  1 eve1 
and showing t h e  average as a l ess - t han  number. 



FIGURE 9. Potassium-40 and 65Zn Leve ls  i n  b l h i t e f i s h  
Obta ined from 1971 Through 1975 

F igu re  10 i s  a  log-normal p l o t  of t h e  '+OK, 9 0 S r  and 137Cs data.  I t  i s  

apparent  t h a t  n a t u r a l  l y - o c c u r r i  ng '+OK i s  p resen t  i n the  1  arges t ccncentra-  

t i o n s  and, f rom t h e  da ta  i n  F igu re  10, a median va lue  o f  about 3.2 pCi /g  

would be expected. The 9 0 S r  and 137Cs concen t ra t i ons  shown i n  F igu re  10 a r e  

a t t r i b u t e d  t o  wor ldwide f a l l o u t .  Based on the  da ta  shown, t h e  expected 

median c o n c e n t r a t i o n  o f  137Cs would be about 0.17 pCi/g.  St ront ium-90 i n  

most o f  t he  w h i t e f i s h  was l e s s  than  d e t e c t i b l e .  However, f rom t h e  p l o t t e d  

data, a  median concen t ra t i on  between 0.001 and 0.01 pCi /g  would be expected. 

The dose i m p l i c a t i o n  t o  a  person e a t i n g  w h i t e f i s h  v a r i e d  g r e a t l y  f rom 

1971 through 1975 because of t he  r a p i d  d e c l i n e  i n  32P and 6 5 ~ n  concen t ra t i ons  

f o l  l o w i n g  shutdown o f  t h e  l a s t  once-through p r o d u c t i o n  r e a c t o r  d u r i n g  January 

1971. Assuming d u r i n g  1971 an i n d i v i d u a l  consl~med 18 kg* o f  f i s h  which c o w  

t a i n e d  t h e  average q u a n t i t y  o f  32P and b5Zn ( 3  pCi /g  and 2.2 pCi /g)  t h a t  

* 
Consumption va lue  ob ta ined  from ERDA 77-24 f o r  t h e  maximum i n d i v i d u a l  
dosage. (Reference 2)  
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FIGURE 10. Gata Collected from 1971 Through 1975 
Showing the  ievels  of ' + O K ,  9%r and 
1 3 7 ~ s  in  Nhitefish 

individual would incur a 50-year whole body dose cornmittrent of 0.4 mrern and 

0.3 arem, respect ively .  The 50-year respective dose commitment to the  bone 

would be 10.3 mrem and 0.2 mrem. 

DEER - 
Each year a few deer are  col lected on the  Hanford S i t e  t o  assess the  

radionuclide concentrations i n  edible  muscle t i s sue .  The deer a r e  general l y  

"road ki 11s". Table 7 shows the  maximum, minimum, and average concentrations 

of ' + O K  and 137Cs observed during each of the years 1971 through 1975. Deer 

were a l so  analyzed f o r  Strontium-90. Except fo r  one pos i t ive  r e s u l t  

(0.008 + 0.005) during 1974, 90Sr was not de t ec t i b l e .  

Figure 11 i s  a log-normal p lo t  of the 4 0 ~  and 137Cs data .  blaturally- 

occurring '+OK was observed a t  a s imi la r  concentration fo r  a1 l of the  deer 

samples and from the plot ted data a median concentration of about 2.5 pCi/g 

would be expected. Only 5 of the  14 deer samples showed pos i t ive  13'Cs re-  

s u l t s .  Although the observed 1 3 7 ~ s  concentrations a r e  s imi la r  t o  the  leve ls  

observed in  beef (see Figure 5) which were a t t r i bu t ed  t o  f a l l o u t ,  i t  i s  



TABLE 7. Radiochemi cal Analyses of 
Deer Muscle Samples 

Units in pCi/g (Met Weight) 

No. of 40 K 1 3 7 c ~  
Year - Samples Max & - - - 

* 
Less than detectible.  Detection levels are approximately: 4 0 K ,  

. . 2 pCi/g and 137Cs, 0.1 pCi/g. 
( a l ~ v e r a g e s  for  data containing less-than val ues was calculated by 

assuming a1 1 less-than values are equal to the detection level 
and showing the average as a less-than number. 

10 

r DEER MUSCLE 

CUMULATIVE PERCENT 

FIGURE 11 . Level s of 4 0 ~  and 37Cs Shown i n 
Deer Muscle Samples Co1 lected Over 
the Period, 1971 Through 1975 



possible that  Hanford operations have contributed to the observed levels.  

Assuming an individual were to consume 50 kg of deer meat which contained 

the maximum concentration observed (1.8 pCi/e) he woul d incur a 50-year 

whole body dose commitment of about 5 mren. 

WILLAPA BAY OYSTERS 

For many years ,  oysters have been collected from Willapa Bay along the 

coast of Washington to assess the significance of Hanford-originated radio- 

nuclides (primarily 6 5 Z n )  accumulated by the oysters. Table 8 summarizes 

the maximum, minimum, and average concentrations of 4 0 ~ ,  "Zn, and 137Cs 
observed during each cf the years 1971 through 1975. Naturally-occurring 

4 0 K  was observed in a l l  samples. For 137Cs, only 8 of the 35 oyster sam- 

ples analyzed were greater t h a n  the approximate analytical detection level 

o t  0.04 pCi/g. These resul t s ,  with a vaximum of 0.06 pCi/g, were only 

s l ight ly  greater than the detection l imit  and are at t r ibuted to e i the r  the 

s t a t i s t i c a l  var iabi l i ty  of l ~ w  level counting or to the presence of 1j7Cs 

ac t iv i ty  from fa1 1 out. 

Zinc-65 concentrations observed have shswn a s ignif icant  decline from 

1971 to 1975 as shown by the average concentrations in Table 8. Figure I 2  

i s  a sequential plot of the '+OK and 65Zn  resul ts  from 1971 through 1975. 

The decline in 65Zn  ac t iv i ty  i s  qui te  evident following shutdown of the 

l a s t  once-through cool i ng production reactor in January 1971. During the 

5-year period, an  approximate 100-fold decrease in 65Zn  concentrations was 

observed. All analyses for  6 " ~  during 1975 were below the detection l imi t .  

The average concentration of '+OK observed during the 5 years i s  about 

2 pCi/g. 

Fifty-year interne? dose commitment calculations were made usiqg dose 

factors of 7 mrem for  total  body and 4.8 mrem fo r  bone per pCi of 65Zn  ac- 

t i v i t y  ingested. During 1971 with an averacje 65Zn concentration of 

4.6 pCi/g, a person ingesting 9 kg* of oyster meat would have incurred a 

X 

Consumption val ue obtained from ERDA 77-24 for  the maximum i nai vi dual dosage 
(Reference #2) 



Year - 
1971 

Year - 
1971 

1972 

1973 

1974 

1975 

TABLE 8. Radionucl ides  Observed i n 
\ 4 i  11 apa Oysters 

Concentrat ion, pCi /g  (Wet Weight) 

No. o f  K 5Zn 
Samples Max. Min. - - Avg . (b) - Max. - Min. Avg. 

No. o f  137Cs 
Samples Max. Min. - - Avg . 

* - - 

Less- than-detect i  b l  e. Approximate d e t e c t i o n  l e v e l s  a r e  
. . 0.08 pCi/g f o r  65Zn and 0.04 f o r  137Cs. 
( a ) 4 0 ~  r e s u l t s  f o r  o n l y  one o f  t h e  th ree  samples analyzed 

was r e ~ o r t e d .  

( b ) ~ a n g e  o f  a r i t h m e t i c  average shown by assuming a l l  l ess -  
than r e s u l t s  a r e  a l t e r n a t i v e l y  equal t o  zero and then 
equal t o  the  de tec t i on  l e v e l  . 



W I L L A P A  B A Y  OYSTERS 

0. 1 r 

- 

FIGURE 12. Plot  of '+OK and 65Zn Concentrations 
in Willapa Bay Oysters 

dose commitment to  the  t o t a l  body and bone of 0.3 mrem and 0.2 mrem, re-  

spect ively .  During 1975, the 65Zn concentration i s  about a 100-fold l e s s ,  

implying dose commi trnents much l e s s  than 0.01 mrem. 

The above dose estimates may be compared t o  the approximate 100 nirem/yr 

received from natural background radiat ion ( a  dose accumulation over 50 years 

of 5000 mrem) . Natural ly-occurri ng '+OK contr ibutes ,  in ternal  l y  , a who1 e 

body dose of about 20 mrem/year and i s  included i n  the 100 mrem/year 

natural background dose. 



The e f f o r t s  o f  severa l  persons have gone i n t o  p r o d u c t i o n  o f  t h i s  r e -  

p o r t  which i s  p a r t  o f  t h e  ERDA-sponsored Envi  ronmental  Surve i  1  l a n c e  Program 

a t  Hanford.  Ex tens ive  env i ronmenta l  da ta  have been acqu i red  d u r i n g  t h e  

program's ex i s tence .  The 1  a b o r a t o r i e s  o f  U. S .  T e s t i n g  Company performed 

the  analyses. S a l l y  Leete,  under sponsorsh ip  o f  t h e  Nor thwest  Col leges 

and U n i v e r s i t i e s  f o r  Science Program (~IORCUS), analyzed much o f  t h e  da ta  

i n  t h e  r e p o r t .  S h e l l i e  Canada typed  i t .  C l a r i c e  Hagen e d i t e d  t h e  r e p o r t  

and ar ranged f o r  p u b l i c a t i o n .  
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