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ABSTRACT 

. 

One o f  the  p r i n c i p a l  o b j e c t i v e s  o f  the  C l i n c h  R iver  Study has been 
the  e v a l u a t i o n  of  r a d i a t i o n  dose equiva lents  t o  populat ions downstream 
from operat ions a t  t h e  Oak Ridge Nat ional  Laboratory. Evaluat ion was 
based on long-term mon i to r ing  data (1944 t o  1963) and the  i d e n t i f i c a t i o n  
o f  c r i t i c a l  exposure pathways and popu la t ion  groups. 

Know ledge o f  water u t  i 1 i za t ion  downstream i nd i ca tes t h a t  the  
important avenues of  exposure from discharge o f  low- level  contaminated 
waste water t o  t h e  C l i n c h  R iver  include: 1) consumption o f  contaminated 
water and f i s h ;  
i r r i g a t e d  w i t h  r i v e r  water; 3) exposure t o  contaminated water and bottom 
sediments dur ing  r e c r e a t i o n a l  and i n d u s t r i a l  use o f  the water; and 4) 
exposure t o  bu i ld -up  o f  sludge and deposi ts  i n  water systems u t i l i z i n g  
r i v e r  water. 
o f  contaminated water and f ish, ,  

2) consumption o f  a g r i c u l t u r a l  produce t h a t  may be 

The major sources o f  exposure a r e  c u r r e n t l y  the  i n g e s t i o n  

Mathematical models were developed f o r  i n t e r n a l  dose c a l c u l a t i o n s  
and inc lude the  d i f f e r e n c e s  i n  in take  and i n  s i z e  o f  the  c r i t i c a l  organ 
as a f u n c t i o n  o f  the  i n d i v i d u a l ‘ s  age. I t  was found t h a t  the  ske le ton  
o f  man received t h e  l a r g e s t  exposure and 90Sr was responsib le  f o r  more 
than 9% of the  dose equivalent.  
assumptions, the  est imated t o t a l  doses from i n t e r n a l  and e x t e r n a l  sources 
(20 year per iod)  received by t h e  skeleton o f  c r i t i c a l  popu la t ion  groups, 
t h e  18-year-old i n d i v i d u a l s  ( i n  1944) u t i l i z i n g  t h e  C l i n c h  R iver  and the  
14-year-old i n d i v i d u a l s  ( i n  1944) u t i l i z i n g  t h e  Tennessee River  were 3.2 
rem and 0.45 rem, respec t ive ly .  These values a r e  about a f a c t o r  o f  10 
l ess  than permiss ib le  l i m i t s  es tab l i shed by I C R P  and FRC. 

Based upon r e a l i s t i c  b u t  conservat ive 

Methods o f  c a l c u l a t i o n  a r e  presented, and examples a r e  g iven f o r  the  
t r a n s f e r  o f  9OSr  and 137Cs t o  man by i r r i g a t i o n  water. 
p r a c t i c e d  on t h e  C l i n c h  R iver  i n  the  fu ture,  i t  may become t h e  dominant 
exposure pathway. I t  is noteworthy t h a t  i n  1962 and 1963 f a l l o u t  from 
nuclear  t e s t s  c o n t r i b u t e d  t h e  same q u a n t i t y  o f  the  c r i t i c a l  rad ionucl ide,  
90Sr to  t h e  C l i n c h  R iver  as d i d  purposefu l  re leases from the  Laboratory. 

I f  i r r i g a t i o n  is 
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INTRODUCTION 

n 

When r a d i o a c t i v e  m a t e r i a l  i s  released t o  a body o f  water, t h e r e  i s  a 

complex network o f  mechanisms by which the  m a t e r i a l  can be t ransmi t ted  

from one component, animate or inanimate, t o  another. 

network o r  chain of  transmission, human o r  o t h e r  l i f e  forms may be s u b j e c t  

t o  some degrees o f  r a d i a t i o n  exposure. 

A t  each p o i n t  i n  t h e  

The p r o b a b i l i t y  of human exposure and the degree o f  exposure depend 

upon many i n t e r r e l a t e d  factors .  These include: (1) t h e  adequacy o f  

c o n t r o l  measures t o  keep the  l e v e l s  o f  contaminat ion w i t h i n  sa fe  l i m i t s ;  

(2) t h e  sources, types, q u a n t i t i e s ,  and d i s t r i b u t i o n  o f  r a d i o a c t i v e  

contaminants released t o  the  water; (3) the  phys ica l ,  chemical and 

b i o l o g i c a l  cond i t ions  i n  t h e  body o f  water; (4) t h e  use o f  water f o r  

d r ink ing ,  domestic, and i n d u s t r i a l  purposes; and (5) t h e  number o f  people 

exposed and t h e i r  h a b i t s  which may i n f l u e n c e  the  na ture  and ex ten t  o f  

exposure. D e f i n i t i v e  in format ion about these and o t h e r  p e r t i n e n t  f a c t o r s  

i s  necessary f o r  r e a l i s t i c  est imates o f  the p o t e n t i a l  exposures and 

eva lua t ion  o f  t h e i r  s ign i f i cance.  

I n  t h e  C l inch  R iver  Study, sa fe ty  eva lua t ion  depends p r i m a r i l y  upon 

d e s c r i p t i v e  and a n a l y t i c a l  data needed t o  d e f i n e  exposure factors .  C r i t e r i a  

of permiss ib le  r a d i a t i o n  exposures, adopted by the  I n t e r n a t i o n a l  Commission 

on Rad io log ica l  P r o t e c t i o n  (ICRP), the  Federal  Radiat ion Counci l  (FRC), and 

the  Nat iona l  Committee on Radiat ion P r o t e c t i o n  and Measurements (NCRP), a r e  

accepted as guides. The MPC values employed t o  assess r a d i a t i o n  dose 

to man f o l l o w  t h e  recommendations o f  ICRP found i n  P u b l i c a t i o n  2 and 

P u b l i c a t i o n  6. I n  P u b l i c a t i o n  6 the  ICRP recommended an increase i n  the  

MPCw values o f  90Sr when the  ske le ton  and t o t a l  body a r e  the  organs o f  

reference, and they a r e  used accord ing ly .  On these bases, est imates o f  

human exposure t h a t  may r e s u l t  from Clinch-Tennessee River  contaminat ion a r e  

made and conclusions reached regard ing t h e i r  importance. 

w 

Object ives o f  Study 

The immediate o b j e c t i v e  i s  to  evaluate t h e  p o t e n t i a l  c o n t r i b u t i o n  

o f  each re levant  pathway i n  causing r a d i a t i o n  exposure t o  man. The most 

d i r e c t  means o f  eva lua t ing  i n t e r n a l  exposures i s  t o  determine the  amounts 

1 
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o f  r a d i o a c t i v e  m a t e r i a l  i n  the  bodies o f  exposed members o f  popu la t ion  

groups; f o r  example, by whole-body count ing o r  e x c r e t i o n  analyses. The 

q u a n t i t y  o f  137Cs i n  the  t o t a l  body o f  e leven employees o f  t h e  Oak Ridge 

Gaseous D i f f u s i o n  P l a n t  was measured by whole-body counting.6 A l l  were 

known t o  d r i n k  t r e a t e d  water from the  C l i n c h  R iver  d u r i n g  working hours. 

Resul ts were inconclusive,  however, because t h e  amount o f  137Cs i n  o ther  

p a r t s  o f  t h e  d i e t  due t o  f a l l o u t  from weapons t e s t s  precluded an est imate 

o f  the p r o p o r t i o n  o f  the measured body burden t h a t  was a t t r i b u t a b l e  t o  

consumption o f  C 1  inch River  water. Therefore, exposures were c a l c u l a t e d  

from measurements o f  the  amounts o f  r a d i o a c t i v e  m a t e r i a l  i n  the  var ious 

environmental media, w i t h  assumptions as t o  the  f r a c t i o n  o f  t h i s  m a t e r i a l  

t h a t  may a f f e c t  the  exposed populat ion.  

The long-range o b j e c t i v e s  a r e  e v a l u a t i o n  o f  t h e  t o t a l  p o t e n t i a l  o f  

rad ioac t  v i t y  i n  t h i s  r i v e r  environment i n  causing exposures and 

d e l i n e a t  on o f  exposure pathways so as t o  est imate t h e  p r e v a i l i n g  l e v e l s  

o f  s a f e t y  and understand the p o t e n t i a l  f o r  exposure o f  each such pathway 

i n  the fu ture.  The study i s  a l s o  d i r e c t e d  toward establ ishment o f  para- 

meters t h a t  a f f e c t  downstream exposure from r i v e r  d isposa l  under many 

combinations o f  condi t ions.  

L i m i t a t i o n s  o f  Ana lys is  

Al though human o r  o t h e r  l i f e  forms may rece ive  some degree of  

r a d i a t i o n  exposure, t h i s  study does n o t  cons ider  e f f e c t s  upon b i o t a  i n  

general  b u t  r a t h e r  conf ines i t s  e f f o r t s  t o  es t imat ion  o f  r a d i a t i o n  doses 

t o  man. The c r i t i c a l  popu la t ion  groups may be i d e n t i f i e d  from in fo rmat ion  

about the  c r i t i c a l  rad ionuc l ides  and p r i n c i p a l  exposure pathways, and w i t h  

knowledge o f  t h e  popu la t ion  d i s t r i b u t i o n  and habi ts .  Not a l l  of t h e  des i red  

in fo rmat ion  i s  ava i lab le .  For example, i n  o rder  t o  complete some calcu-  

l a t i o n s ,  i t  i s  necessary t o  est imate t h e  d i e t a r y  h a b i t s  and amounts o f  

p r i n c i p a l  f o o d - s t u f f s  consumed as w e l l  as occupat ional  and r e c r e a t i o n a l  

habi ts .  I t  i s  a l s o  d e s i r a b l e  t o  c o n f i r m  severa l  est imates o f  e x t e r n a l  

r a d i a t i o n  which were c a l c u l a t e d  from measured concentrat ions of  rad io-  

nuc l ides i n  environmental media. 

- _  

m.. 
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RADIONUCLIDES RELEASED AND CONCENTRATIONS I N  THE R I V E R S  

. 

. 

c 

, - *  

V i r t u a l l y  a l l  r a d i o a c t i v e  m a t e r i a l s  emanating from the Laboratory and 

reaching the  C l i n c h  R iver  passes through White Oak Creek. The f i n a l  c o n t r o l  

p o i n t  f o r  waste water released t o  the  r i v e r  a t  C l inch  R iver  M i l e  (CRM) 20.8 

i s  a t  White Oak Dam(Fig. 1). 

Discharges from White Oak Creek t o  C l inch  R iver  

The f l o w  of  water through White Oak Dam has been determined by severa l  

methods. 7 s 8  

impounded, a gaging s t a t i o n  a t  the  dam was used. A f t e r  1955, when t h e  

lake  was dra ined and the  gaging s t a t i o n  inac t iva ted ,  f low was c a l c u l a t e d  

Dur ing the  p e r i o d  1953-1955, w h i l e  White Oak Lake was s t i l l  

by summing the  separate measurements of f low i n  White Oak Creek and Melton 

Branch which a r e  the p r i n c i p a l  sur face streams d r a i n i n g  the  basin. The 

gaging s t a t i o n  a t  the  dam was r e a c t i v a t e d  i n  1960 and has been used f o r  

f l o w  measurements s ince  t h a t  time. 

A l l  l i q u i d  waste handl ing systems, p o i n t s  o f  e f f l u e n t  release, and 

sur face waters w i t h i n  ORNL a r e  ex tens ive ly  monitored and sampled. 

Continuous p r o p o r t i o n a l  samples a r e  c o l l e c t e d  o f  a l l  process waste 

released t o  White Oak Creek and o f  a l l  e f f l u e n t s  released from White Oak 

Dam t o  the  C l i n c h  River.  

a t  l e a s t  gross beta a c t i v i t y  and d a i l y  o r  weekly f o r  gross alpha a c t i v i t y .  

The equipment employed i n  the r o u t i n e  ana lys is  i s  capable o f  d e t e c t i n g  beta 

p a r t i c l e s  w i t h  energies a t  l e a s t  as low as 0.1 MeV. Continuous monitors 

a r e  i n  opera t ion  on the  Process Waste System and i n  White Oak Creek and 

White Oak Dam t h a t  a r e  capable o f  d e t e c t i n g  the  be ta  p a r t i c l e s  (0.22 MeV) 

emi t ted by 147Pm. Th is  system o f  mon i to r ing  and sampling can be expected 

t o  a l e r t  Laboratory personnel t o  any unusual releases o f  rad ionucl ides no t  

determined i n  monthly composite sampling; t h a t  i s ,  beta e m i t t e r s  t h a t  a r e  

s h o r t e r  l i v e d  and less energet ic  than those normal ly  encountered. 

These samples a r e  analyzed every 24 hours f o r  

U n t i l  1948, d a i l y  r a d i a t i o n  measurements were made a t  White Oak Dam. 

Samples were c o l l e c t e d  p e r i o d i c a l l y  and analyzed f o r  gross-beta a c t i v i t y .  

The number o f  beta c u r i e s  released was ca lcu la ted  using mean annual d i s -  

charges ( d a i l y  f l o w  measurements) and e i t h e r  measured o r  est imated gross 

a c t i v i t y  content  as fo l lows:  1944, 600 cur ies;  1945, 500 cur ies ;  1946, 
900 cur ies ;  1947, 200 cur ies ;  and 1948, 496 cur ies.  Only in f requent  
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F i g .  1. Lower Clinch River B a s i n  
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radiochemical  analyses were made. 

content  from the average amount, 27% found t o  be present dur ing  the  p e r i o d  

1949 t o  1958. For the purpose of  f u r t h e r  ca lcu la t ions ,  90Sr released from 

1944 t o  1948 was est imated as fo l lows: 1944, 150 cur ies ;  1945, 120 cur ies ;  

1946, 240 cur ies;  1947, 60 cur ies ;  and 1948, 130 cur ies.  

An est imate was made o f  the  90Sr 

Beginning i n  1949 monthly composite samples were a l s o  analyzed rad io-  

chemical ly  f o r  cesium, ruthenium, stront ium, cobal t ,  t r i v a l e n t  r a r e  ear ths 

(TRE), cerium, zirconium, niobium, and iodine; and the  c u r i e s  released 

each year were c a l c u l a t e d  (Table I ) .  
released i n  1955 was due t o  the d r a i n i n g  o f  White Oak Lake. 

reduc t ion  i n  re lease o f  t h i s  n u c l i d e  was associated w i t h  t reatment o f  

process waste water and p a r t i a l  reimpoundment o f  the lake. The increase 

i n  lo6Ru released was associated w i t h  opera t ion  o f  the waste p i t s ,  w h i l e  

the decrease i n  90Sr released was r e l a t e d  t o  the  opera t ion  o f  the  Process 

Waste Water Treatment P l a n t  and modi f ied waste management p rac t ice .  I t  

i s  noteworthy t h a t  t h e  q u a n t i t y  of  90Sr released t o  t h e  C l inch  R iver  i n  

The increased q u a n t i t y  o f  137Cs 

Subsequent 

1962 and 1963 was about the  same as t h a t  c o n t r i b u t e d  by f a l l o u t  from 

weapons tes ts .  

Concentrat ions and P o t e n t i a l  Human Exposures Downstream 

Estimates o f  the  mean annual concentrat ions o f  rad ionucl ides i n  the 

C l inch  and Tennessee Rivers were based on d i l u t i o n  r a t i o s  and the  f a c t  

t h a t  White Oak Creek e f f l u e n t  i s  completely mixed w i t h  r i v e r  water a f t e r  

3 t o  5 mi les  of f l o w  downstream from t h e  mouth o f  the  creek. Th is  was 

shown by t r a c e r  t e s t s  i n  the  C l inch  R iver  i n  1958, 1961, and 1962. 

The concent ra t ion  values der ived i n  t h i s  way a r e  conservat ive,  s ince  no 

al lowance was made f o r  decreases of  the rad ionucl ides i n  the water by 

r a d i o a c t i v e  decay o r  removal w i t h  suspended sediments. 

9,10,11 

Four downstream l o c a t i o n s  were considered f o r  the  eva lua t ion  analyses 

(Fig. 1,2), namely: (1) C l inch  R iver  M i l e  (CRM) 14.5, which is 6.3 m i l e s  

downstream from the  White Oak Creek discharge a t  CRM 20.8; (2) CRM 2.6, 

downstream from the mouth o f  Emory R iver  near Kingston Steam P lan t ;  (3) 

Tennessee R iver  M i l e  (TRM) 529.9, Watts Bar Dam and Resort water supply; 

and (4) TRM 465, a t  Chattanooga water supply in take  and 6.0 m i l e s  down- 

stream from Chickamauga Dam. 



TABLE I 

YEARLY DISCHARGES OF RADIONUCLIDES TO CLINCH RIVER (CURIES)~  

Year 137cs lo6Ru 90s r TRE (-Ce) 144 Ce 95z t- 9 5 ~ b  1311 6OcO 
Gross 

Beta 

1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 

1962 
1963 

1961 

7 18 
191 
101 
214 
304 
384 
437 
582 
3 97 
544 
93 7 

2190 
2230 
1440 
470 

77 
19 
20 

9.9 
6.4 

22 
63 

170 
89 
55 
76 
31 
15 
5.6 
3.5 

110 
23 
18 
15 
26 
11 
31 
29 
60 
42 

520 
1900 
2000 
1400 
43 0 

150 
38 
29 
72 

130 
140 
93 

100 
83 

150 
60 
28 
22 
9.4 
7.8 

77 
30 
11 
26 

110 
160 
150 
140 
110 
240 
94 
48 
24 
11 
9.4 

18 

23 

24 
85 
59 
13 
30 
48 
27 

6.7 

4.2 
1.2 
1.5 

180 
15 

19 

14 

12 
23 

27 
38 
20 

4.5 

7.6 

5.2 

6.0 

2.2 
0.34 

22 
42 

18 
2.2 

3.6 
9.2 
5.7 

7.1 
6.0 

15 

30 
45 
70 

7.7 
0.71 

77 
19 
18 
20 
2.1 
3.5 
7.0 6.6 
3.5 46 
1.2 4.8 
8.2 8.7 
0.5 77 
5.3 72 
3.7 31 
0.36 14 
0.44 14 

a 
Values c a l c u l a t e d  from data suppl ied by Appl ied Heal th  Physics Section, ORNL. 

b 

t , I 
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In fo rmat ion  regarding community water systems on o r  near t h e  C l i n c h  

I 

and Tennessee Rivers downstream from ORNL t o  South Pi t tsburgh,  Tennessee, 

i s  g iven i n  Table 2. 
* t  

A t  CRM 14.5 and on the  Emory River  i n  the v i c i n i t y  

.. 

c 

of  CRM 4.4, water suppl ies taken from the r i v e r  a r e  used f o r  s a n i t a r y  and 

i n d u s t r i a l  purposes by t h e  Oak Ridge Gaseous D i f f u s i o n  P l a n t  and Kingston 

Steam Plant ,  respec t ive ly .  There a r e  downstream r e c r e a t i o n a l  areas a t  

the Kingston water f ront ,  a t  Watts Bar Dam, and a t  numerous places a long 

Watts Bar Reservoir.  Also, there  a r e  l a r g e  r e c r e a t i o n a l  areas a long 

Chickamauga reservo i r ,  notably  j u s t  above Chickamauga Dam (CRM 471.0) 

The f i r s t  l a r g e  popu la t ion  center  (Chattanooga, Tennessee) i s  located a 

few m i l e s  downstream from Chickamauga Dam (TRM 471.0) and i s  served by a 

p u b l i c  water supply taken from the  Tennessee R iver  a t  TRM 465. 

a d d i t i o n ,  CRM 14.5, TRM 529.9, and TRM 471.0 a r e  s t a t i o n s  I n  the bas ic  

water-sampling network o f  the  C l inch  River  Study. The q u a n t i t y  of 

water passing each l o c a t i o n  annual ly  was c a l c u l a t e d  from average f l o w  

values (Table 3 ) .  The average concentrat ion o f  rad ionucl ides a t  each 

l o c a t i o n  was determlned from the  cur ies  released and the  t o t a l  f l o w  f o r  

each year. 

I n  

I n  t h i s  r e p o r t  the  ca lcu la ted  concentrat ion values f o r  two o f  the  

loca t ions  a r e  given, namely: CRM 14.5 and TRM 465 (Tables 4 and 5) .  

Analyses f o r  91Y were n o t  performed. 

dose, the concentrat ions o f  91Y were assumed t o  be equal t o  the d i f f e r e n c e  

i n  the concentrat jon o f  t r i v a l e n t  r a r e  ear ths and the  concentrat ion o f  

90Sr ( i n  e q u i l i b r i u m  w i t h  90Y). 

For t h e  purpose o f  es t lmat ing  
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TABLE 2 

COMMUNITY WATER SYSTEMS IN TENNESSEE DOWNSTREAM FROM ORNL SUPPLIED BY INTAKES ON CLINCH 
AND TENNESSEE RIVERS OR TRIBUTARIES THAT MAY BE AFFECTED BY MAIN STREAM CONDITIONS 

Community 
Number of Population Quantity Intake Source 

Stream Location Services Served (MGD) 
Remarks 

ORGDP K-25 

Harriman 

Kingston Steam Plant 

Kingston 

Roc kwood 

Spring City 

Watts Bar Dam and Resort 

Soddy-Da isy-Fa1 ling Water 
Walden's Ridge 

Harrison Bay State Park 

Booker T. Washington 
State Park 

Volunteer Ordnance Works- 

Clinch R. 

Emory R. 

Emory R. 

Tenn. R. 

Tenn. R. 

Piney R. 

Tenn. R. 

Soddy Creek 
Embayment 

Tenn. R. 

Tenn. R. 

Tenn. R. 
Farmers Chemical Association 

Chattanooga Tenn. R. 

South Pittsburg Tenn. R. 

CRM 14.5 

ERM 12 

CRM 4.4 

TRM 568.1 

TRM 553 

PRM 6.4 

TRM 530 

TRM 488 

TRM 478 

TRM 474 

TRM 473 

TRM 465 

TRM 435 

2,858 

1,265 

2,000 

61 1 

25 

2,545 

50,000 

1,300 

3,015 

12,000 

600 

6,500 

7,000 

1,850 

150 

8,000 

50 

300 

225,000 

4,000 

4 

1.15 

.05 

.29 

1 .o 

.15 

.03 

.14 

.4 

.05 

.05 

37 

38.0 

.4 

Industrial plant 
potable water system. 

May at times draw 
Clinch R. water. 

Potable water system. 

River supplements spring 

River supplements spring 

Piney R. supplements 
spring supply. 

Summer population 
highly variable. 

Supply approximately 
3/4 from river, 1/4 
from well. 

Population highly 
variable, Swimming 
pool separate. 

Supplies swimming 
pool only. 

Water used in processing. 

supply. 

SUPPI Y 

Includes Signal Mtn. 
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TABLE 3 - -  

1 .  

FLOW I N  CLINCH AND TENNESSEE R I V E R S  
(CUBIC FEET PER SECOND) 

YEAR CRM 14.5a CRM 2.6a TRM 529.9b 

1944 
1945 
1946 
1947 
1 948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 

4800 
4940 
5 150 
4420 
42 90 
5460 
6630 

4570 
4340 
2990 
4850 
5 040 
6350 
5560 
3490 
4460 
4780 
4980 
5110 

6170 

6870 
7020 
6880 
5720 
6480 

9360 
8760 
5770 
57 10 
4730 
6610 
7340 
9300 
6880 
5260 
6200 
71 10 
8400 
7 180 

7560 

25690 
26490 
29100 
24040 
26370 
33300 
34240 
28070 
22470 
22160 
20480 
23790 
24750 
363 10 
27780 
23760 
25150 
29520 
33700 
25400 

32290 
32270 
38540 
31 190 
34360 
43630 
44030 
36560 
29770 
28130 
26050 
30530 
30990 
45 25 0 
34330 
29000 
31010 
37430 
40600 
3 1600 

i f  

a 
Values furn ished by the Uni ted States Geologica l  Survey - Estimated on 
bas i s  o f  d ischarge records f o r  the gaging s t a t i o n  on C l i nch  R ive r  near 
Scarboro and i n t e r v e n i n g  in f low.  

bValues fu rn i shed  by the Tennessee V a l l e y  Au tho r i t y .  

. . 
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TABLE 4 

CALCULATED MEAN ANNUAL CONCENTRATION OF RADIONUCLIDES 

AT CLINCH RIVER MI. 14.5 

(UNITS OF p.c/ml or pc/liter) 

Year Gross 
Beta 137cs lO6RU 9 0 ~  r 91Y 9 5 ~  r 95NB 131, 6oco 

1 944 
1 945 
1 946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 

1962 
1963 

1961 

100 
100 
200 
60 
130 
150 
32 
18 
53 
78 
140 
100 
130 
70 
110 
300 
550 
520 
270 
100 

16 
3.2 
3.6 
2.4 
1.7 
8.2 
15 
38 
16 
11 
25 
7.7 
3.5 
1.0 
0.76 

22 
3.9 
3.2 
3.6 
6.8 
4.2 
7.1 
6.5 

8.4 
11 

170 
480 
480 
260 
94 

40 
30 
50 
20 
40 
30 
6.5 
5.2 
18 
35 
51 
22 
23 
15 
30 
19 
6.9 
5.2 
1.8 
1.7 

0 
0 
0 
0 
0 

11 
13 
7.6 
5.5 
18 
11 
5.1 
0.35 
0.30 
0.35 

w 
w 

3.7 

5.6 
1.7 
8.9 
20 
13 
2.2 
6.0 

6.7 
16 

0.98 
0.23 
0.33 

36 4.6 
2.5 7.2 
0.82 0.40 
4.7 4.4 
2.0 0.93 
5.2 3.5 
1.2 1.2 
2.6 3.4 
4.0 1.3 
1.2 1.2 
8.7 9.5 
9.3 11 
4.6 17 
0.40 1.4 
0.074 0.16 

16 
3.2 
3.2 
4.8 
0.54 
1.3 
1.6 
0.78 
0.21 
1.7 
0.16 
1.3 
0.87 
0.067 
0.096 

1.5 

0.85 
1.8 

10 

24 
18 
7.3 
2.6 
3.1 



TABLE 5 

CALCULATED MEAN ANNUAL CONCENTRAT I ON OF RAD I ONUCL I DES 

AT TENNESSEE R I V E R  M I .  465 

(UNITS OF pc/ml o r  p d l i t e r )  

Year Gross 
Beta 137cs 106RU 9's r 91Y 9 5 ~  r 95Nb 131 I 

1 944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 

20 
20 
20 
8 

16 
18 
4.9 
3.1 
8.1 

12 
17 
16 
21 

18 
36 
79 
67 
40 
17 

9.8 

2.0 
0.49 
0.61 
0.37 
0,26 
0.94 
2.3 
6.2 
2.2 
1.8 
2.9 
1.1 
0.47 
0.15 
0.12 

2.7 
0.60 
0.54 
0.56 
1.1 
0.48 
1.1 
1.1 
1.5 
1.4 

20 
67 
61 
38 
15 

5 
4 
6 
2 
4 
3.7 
0.98 
0.87 
2.7 
5.4 
5.8 
3.4 
3.8 
2.1 
4.8 
2.3 
1 .o 
0.67 
0.26 
0.28 

0 
0 
0 
0 
0 
1.2 
2.0 
1.2 
0.78 
3.0 
1.3 
0.73 
0.05 
0.044 
0.056 

0.46 

0.86 
0.27 
1.0 
3.1 
2.1 
0.31 
0.97 

0.96 
0.13 
0,034 
0.053 

1.9 

4.5 0.57 
0.38 0.11 
0.14 0.068 
0.72 0.68 
0.30 0.14 
0.59 0.40 
0.19 0.21 
0.42 0.55 
0.56 0.18 
0.20 0.20 
1.1 1.1 
1.3 1.6 
0.59 2.1 
0.059 0.21 
0.012 0.025 

2.0 
0.49 
0.54 
0.74 
0.083 
0.15 
0.26 
0.13 
0.030 
0.32 
0.02 
0.19 
0.11 
0.010 
0.016 

0.24 
1.7 
0.12 
0.28 
2.8 
2.6 
0.93 
0.38 
0.49 

8 P 

L 1 
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AVENUES OF HUMAN EXPOSURE 

Mechanisms o f  Exposure 

The p o t e n t i a l  avenues of human exposure r e s u l t i n g  from re lease o f  

r a d i o a c t i v i t y  t o  t h e  environment a r e  many and complex. H. M. Parker has 

ind ica ted  a number o f  exposure pathways and has suggested those which he 

be l ieved t o  be o f  major consequence. 

streams, lakes, o r  reservo i rs ,  he emphasizes t h e  hazards r e l a t e d  t o  use 

as d r i n k i n g  water, immersion i n  the  water, c l o s e  approach t o  t h e  water 

( i n c l u d i n g  contaminated mud and vegatat ion) ,  use o f  water f o r  i r r i g a t i o n ,  

uptake by b i o l o g i c a l  chains, i n d u s t r i a l  processes, sewage disposal ,  and 

atmospheric discharges. 

From r a d i o a c t i v e  wastes i n  r i v e r s ,  12 

The l i s t  i s  w e l l  conceived but, un for tunate ly ,  includes many avenues 

f o r  which data a r e  n o t  ava i lab le .  An est imate o f  t o t a l  human r a d i a t i o n  

exposure thrauyh surfac.. :va-t$?rs Is n o t  p o s s i b l e  now, and probably w i l l  no t  

be f o r  many years t o  come. However, based on a v a i l a b l e  experience, t h e  

avenues o f  human exposure considered i n  t h e  present r e p o r t  a r e  be l ieved 

t o  inc lude t h e  s i g n i f i c a n t  o r  p o t e n t i a l l y  s i g n i f i c a n t  mechanisms of expo- 

sure r e s u l t i n g  from rad ionuc l ide  discharge t o  t h e  C l inch  River. 

C r i t i c a l  Organs Considered 

For a d e t a i l e d  est imate o f  exposure t o  r a d i o a c t i v e  m a t e r i a l  i n  t h e  

environment, i t  i s  necessary t o  c a l c u l a t e  t h e  dose t o  those organs f o r  

which t h e  dose may reasonably be expected t o  be a maximum o r  t o  be i n  

excess o f  the  prescr ibed l i m i t s .  To reduce t h e  number o f  ca lcu la t ions ,  an 

i n s i g h t  concerning the  p o t e n t i a l l y  c r i t i c a l  organs may be obtained by 

consider ing t h e  type and concent ra t ion  o f  rad ionuc l ides  released, t h e  

maximum permiss ib le  concent ra t ion  i n  water (MPCw) f o r  these rad ionuc l  

the  p o t e n t i a l l y  s i g n i f i c a n t  avenues o f  exposures, and the type o f  

i n d i v i d u a l  under considerat ion.  Based upon these considerat ions,  the  

organs se lected f o r  analyses i n  t h i s  r e p o r t  inc lude bone, g a s t r o i n t e s  

des, 

i n a l  

t r a c t ,  thy ro id ,  gonads, and t o t a l  body. The bone and t o t a l  body a r e  

reasonable s e l e c t i o n s  when 90Sr and 

immersion i n  contaminated f l u i d s  i s  possible.  The increased q u a n t i t y  o f  

137 
Cs a r e  considered and when dose by 

r * 

I 

~ - -  
I 
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lo6Ru, e n t e r i n g  t h e  sur face  water i n  1960 and 1961, suggested analyses o f  

the immersion dose and the  GI t r a c t .  The genet ic  dose i s  o f  p a r t i c u l a r  

concern f o r  exposure o f  a popu la t ion  and i s  included, al though i t  can be 

estimated o n l y  approximately as equal t o  t h e  t o t a l  body dose; t h a t  i s ,  

equal t o  the  average dose i n  o ther  s o f t  t issues. F i n a l l y ,  the  re lease o f  

I imp l ica tes  t h e  thyro id ,  e s p e c i a l l y  when the c h i l d  i s  considered. 131 

Est imat ion o f  Dosaqe t o  Organ 

The f r a c t i o n  of  MPC a t t a i n e d  f o r  the case o f  i n t e r n a l  dose was 
1 w 

ca lcu la ted  according t o  the  recommendation o f  the  ICRP. For a m i x t u r e  

o f  i n v a r i a n t  composi t ion and based on a p a r t i c u l a r  organ, x, t h e  f r a c t i o n  

o f  MPCwthat i s  a t t a i n e d  i s  g iven by: 

P C w i  
.K 

where 

.= t h e  concent ra t ion  of  the p a r t i c u l a r  r a d i o n u c l i d e  i n  water 
pwl and 

X 
(MPC) wi = t h e  maximum permiss ib le  concent ra t ion  o f  the p a r t i c u l a r  

r a d i o n u c l i d e  i n  water f o r  t h e  organ and i n d i v i d u a l  o f  
i n t e r e s t  and f o r  continuous exposure. 

When t h e  va lue  o f  expression (1) i s  less  than o r  equal t o  1, t h e  exposure 

is n o t  i n  excess o f  permi t ted  l i m i t s .  Th is  fo rmula t ion  neglects  the  dose 

due t o  e x t e r n a l  sources, which w i l l  be est imated separate ly  i n  t h i s  repor t .  

The values o f  Pwi a r e  t o  be average values, the  p e r i o d  o f  averaging 

being one year according t o  the  recommendations o f  ICRP, NCRP, and FRC 

(Table 6 l i s t s  t h e  maximum permiss ib le  l i m i t s  recommended by ICRP and FRC) 
1y2'4 

g r e a t  s ign i f i cance.  A h i g h  concentrat ion i n  t h e  r i v e r  water on a g iven day 

i s  an important f a c t o r  f o r  opera t ion  o f  the  f a c i l i t i e s ,  and opera t ing  

personnel w i l l  want t o  determine whether i t  i s  due t o  a change i n  the  

f a c i l i t i e s  o r  procedures, whether i t  r e s u l t s  from reduced f l o w  i n  the r i v e r  

( l o s s  of d i l u t i o n  f a c t o r ) ,  e t  cetera. 

Thus t r a n s i e n t  changes i n  these environmental l e v e l s  may no t  be o f  

! 

- .  
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TABLE 6 

MAXIMUM P E R M I S S I B L E  EXPOSURE 

Average Dose ( rem/yr) 

Bone G. 1 .  T r a c t  T o t a l  Body Thyro id 
Agency Type o f  S i t u a t i o n  a 

I CRPC A. Occupational Worker 

B. P l a n t  V i c i n i t y  
b 

Work i n  v i c i n i t y  

C. Populat ion a t  Large 

FRC' 

I n d i v i d u a l  
Average 

A. Occupational Worker 

B. Populat ion a t  Large 

1. I n d i v i d u a l  

a. A d u l t  

b e  C h i l d  

2. Populat ion average 

a. A d u l t  

b. C h i l d  

30 

3 

3 
1 

30 

1.5 

1.5 

0.5 

0.5 

15 5 30 

1.5 1.5 3 

1.5 
0.5 

0.5 3 
0. 17a 1 

15 5 30 

0.5 3.0 

0.5 1.5 

0.17 1.0 

0.17 0.5 

M u l t i p l y  by 0.3 t o  o b t a i n  p o r t i o n  o f  dose suggested f o r  i n t e r n a l  sources. a 

bOr v i s i t  area occasional ly .  
CSee reference l i s t  No. 1,2,3. 
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However, i f  such a s i n g l e  measurement i s  used i n  formula ( l ) ,  t he  

r e s u l t  does no t  represent  meaningfu l ly  t he  a c t u a l  exposure. A t  bes t  i t  

represents o n l y  the  h y p o t h e t i c a l  s i t u a t i o n  t h a t  would e x i s t  i f  the  l e v e l  

pe rs i s ted  f o r  a t  l e a s t  a year. The f a c t  t h a t  o n l y  values o f  the  con- 

cen t ra t i ons  Pwi, averaged over a pe r iod  o f  one year, a r e  t o  be used i n  

( l ) ,  i s  f requen t l y  overlooked. Th is  has led, i n  some cases where t r a n s i e n t  

l e v e l s  have been high, t o  gross m i s i n t e r p r e t a t i o n s  and unwarranted concern 

by the  pub l i c .  

0 -  

Formula (1) i s  e a s i l y  rearranged t o  represent a dose r a t e  t o  organ x, 

but, again, t he  formula requ i res  c a r e f u l  i n t e r p r e t a t i o n .  I f  the exposure 

s i t u a t i o n  remains unchanged f o r  50 years, the  weekly dose received by a 

p a r t i c u l a r  organ due t o  i n t e r n a l  and e x t e r n a l  sources i s  g iven  by: 

where 

L = the  average weekly dose (rem):: permi t ted  t o  t h e  organ, and 

o f  a p a r t i c u l a r  r a d i a t i o n  type 
R j  = the weekly dose (rem) received by organ x from e x t e r n a l  sources 

I t  i s  c l e a r  t h a t  the formula f o r  D as g iven above o n l y  app l i es  t o  a 50 
long-term and s t a b l e  s i t u a t i o n .  The length  o f  the pe r iod  f o r  a p p l i c a t i o n  

depends upon the e f f e c t i v e  h a l f - l i f e  o f  the  rad ionuc l i de  involved. I n  the 

case o f  the  C l i n c h  R iver  the presence o f  90Sr  and o the r  bone seekers as an 

important c o n t r i b u t o r  t o  the  dose means t h a t  t h e  formula f o r  D i s  

d i r e c t l y  a p p l i c a b l e  o n l y  f o r  an exposure s i t u a t i o n  which i s  r e l a t i v e l y  

s t a b l e  over a long pe r iod  o f  years. Thus the concentrat ions P should be 

averages rep resen ta t i ve  o f  t he  concent ra t ion  i n  r i v e r  water over long 

per iods o f  years, and these concentrat ions a r e  supposed t o  be constant  

50 

w i  

‘:The rem i s  de f ined by the I n t e r n a t i o n a l  Commission on Rad io log i ca l  
Un i ts  (ICRU) as the  u n i t  o f  dose equiva lent .  The dose equ iva len t  i s  
numer ica l l y  equal t o  the  dose i n  rads m u l t i p l i e d  by the approp r ia te  
mod i fy ing  fac to rs .  l 3  
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-. 
d u r i n g  t h a t  per iod.  Th is  g r e a t l y  l i m i t s  the d i r e c t  usefulness o f  the 

formula D50. 

Dose Commitment f o r  t h e  Future 

50 
which i s  more u s e f u l  i n  t h i s  s i t u a t i o n .  

dose t h a t  w i l l  be received d u r i n g  the next  50 years due t o  an exposure o f  

one week w i t h  Pwi and R? determined o n l y  f o r  t h a t  week. With t h i s  i n t e r -  

p r e t a t i o n  D i s  a dose commitment f o r  the fu tu re ,  a t  l e a s t  i n  p a r t ,  r a t h e r  

than a dose a c t u a l l y  received dur ing  t h e  week the  i n d i v i d u a l  was present  

There i s ,  however, a second i n t e r p r e t a t i o n  o f  the  formula g i v i n g  D 

can be i n t e r p r e t e d  as the  
D50 

J 
50 

i n  the  area. O f  course, t h e  doses from e x t e r n a l  sources, t h a t  i s ,  t h e  

dose represented by the term, C R,? , w i l l  be received dur ing  t h e  p e r i o d  
J 

o f  occupancy o f  one week and n o t  i n  any subsequent period. 

The f i r s t  terms o f  D50 represent the doses t h a t  w i l l  r e s u l t  from 

radionucl ides e n t e r i n g  t h e  body dur ing  the  per iod  o f  occupancy o f  one 

week. The dose w i l l  be d e l i v e r e d  dur ing  var ious per iods f o l l o w i n g  t h e  

intake, depending upon the  e f f e c t i v e  h a l f  l i f e  o f  t h e  rad ionuc l ide  

involved. 

due t o  t h i s  in take  would be received e s s e n t i a l l y  dur ing  the f o l l o w i n g  

th ree  o r  f o u r  weeks; b u t  i f  t h e  isotope i n  quest ion i s  90Sr, then t h e  

dose would be d i s t r i b u t e d  throughout the  remaining 50 years o f  t h e  person's 

l i f e  i f  he l i v e s  t h a t  long. I n  any case D gives the  t o t a l  dose commit- 

ment due t o  the  i n d i v i d u a l ' s  occupancy o f  the area d u r i n g  t h i s  week; t h a t  

i s ,  t h e  dose which w i l l  be received dur ing  the  next  50 years f o l l o w i n g  the  

in take  r e s u l t i n g  from t h i s  occupancy. 

For example, i f  t h e  rad ionuc l ide  i n  quest ion i s  13' I ,  the  dose 

50 

Correct ions f o r  Dose Estimates Based on "Standard Man" 

Even w i t h  t h i s  i n t e r p r e t a t i o n  the formula D i s  sub jec t  t o  numerous 50 
reservat ions and requi res f u r t h e r  i n t e r p r e t a t i o n .  Because the  MPC's which 

en ter  i n t o  the  formula have been estimated o n l y  on the  bas is  o f  so-ca l led 

"standard man," the  dose represents o n l y  t h a t  which would be received by a 

person o f  p h y s i c a l  c h a r a c t e r i s t i c s  and h a b i t s  resembling standard man. 

Some examples o f  c o r r e c t i o n s  t h a t  may be necessary f o r  standard-man est imates 

a r e  mentioned below. 
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Such estimates o f  dose rates o r  dose commitments should be considered 

as average values f o r  t y p i c a l  a d u l t  i n d i v i d u a l s  and considerable spread 

about these averages i s  t o  be expected. Both t h e  FRC and t h e  I C R P  a l l o w  

a f a c t o r  o f  3 as  a p r a c t i c a l  range t o  p rov ide  f o r  the  v a r i a t i o n  o f  dose 

received i n  a homogeneous popu la t ion  group. This means t h a t  among adul ts ,  

c h i l d r e n  o f  l i k e  age, and others w i t h  comparable ch la rac ter is t i cs  i t  i s  

assumed t h a t  o n l y  a smal l  f r a c t i o n  w i l l  rece ive more than 3 times t h e  

average dose. The l i m i t e d  data a v a i l a b l e  on a c t u a l  exposures suggest t h a t  

the  dose received by o n l y  about 5$ o f  an a d u l t  popu la t ion  would exceed t h i s  

f a c t o r  o f  3 times t h e  average. 

The formula f o r  D50 does no t  p rov ide  f o r  any d i f f e r e n c e s  due t o  age, 

sex, o r  o ther  v a r i a b l e s  t h a t  may a f f e c t  t h e  i n t a k e  o r  metabolism o f  the  

rad ionucl ide.  Perhaps the most s u b s t a n t i a l  c o r r e c t i o n  i s  t h a t  requ i red  t o  

take account o f  the  c h i l d ,  the  i n f a n t ,  o r  the  fe tus.  Dur ing these e a r l y  

per iods o f  l i f e ,  the  organs o f  the  body a r e  s u b s t a n t i a l l y  smal ler  than 

those o f  standard man, and i n  some cases t h e  in take  and metabolism do no t  

seem t o  d i f f e r  t o  the  same degree from those o f  standard man. Thus, a 

f a i r l y  l a r g e  c o r r e c t i o n  f a c t o r  may be involved. Very l i t t l e  i s  known a t  

the  present t ime concerning d i f fe rences  i n  metabol ic  ra tes  o r  processes 

o f  c h i l d r e n  and a d u l t s  as they r e l a t e  t o  important rad ionucl ides.  I n  t h i s  

r e p o r t  i t  i s  n o t  poss ib le  t o  make any adjustment on t h i s  basis.  I n  t h e  few 

cases where b i t s  o f  data a r e  a v a i l a b l e  on c h i l d r e n  and in fan ts ,  t h e  

d i f f e r e n c e  o f  t h e i r  metabol ic  ra tes  from those o f  a d u l t s  does not  appear t o  

be large. There remains, however, t h e  d i f f e r e n c e  due t o  in take  and organ 

size.  The char ts  shown i n  Fig. 3,4, and 5 have been prepared by M. J. Cook 

( o f  ORNL) t o  i l l u s t r a t e  t h e  magnitude o f  these d i f fe rences  as est imated on 

the bas is  o f  data a t  hand. The c h a r t  i n d i c a t e s  a base l i n e  which represents 

the r a t i o  o f  i n t a k e  t o  organ weight f o r  standard man. The curve represents 

the  c o r r e c t i o n  f a c t o r  which ad jus ts  f o r  the change o f  t h i s  r a t i o  w i t h  age. 

Assuming, as above, t h a t  metabolism i s  n o t  s u b s t a n t i a l l y  d i f f e r e n t  f o r  the  

i n f a n t  o r  c h i l d ,  t h i s  graph g ives a c o r r e c t i o n  f a c t o r  which can be a p p l i e d  

t o  t h e  dose est imate 

' i P W I  . L / ( M P C ) ~ ~  
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i n  the formula f o r  D making i t  a p p l i c a b l e  f o r  i n d i v i d u a l s  o f  var ious 

ages. No very s i g n i f i c a n t  c o r r e c t i o n  f a c t o r  need be app l ied  t o  the terms 
50 

RX so f a r  as body s i z e  i s  concerned. 
j j  

I t  i s  apparent from Figs. 3,4, and 5 t h a t  there  i s  a s i g n i f i c a n t  

c o r r e c t i o n  t o  be made f o r  i n f a n t s  and young c h i l d r e n  when dose t o  the  

skeleton, thy ro id ,  o r  t o t a l  body (genet ic  dose) i s  i n  question. The data 

on organ weights were taken from references suppl ied by M. J. Cook 

and the data on water in take  were obta ined by the  USPHS.17 

14,15,16 

I n  the case o f  the g a s t r o i n t e s t i n a l  t r a c t ,  the c a l c u l a t i o n  o f  the MPC 

i s  based on the  assumption t h a t  the  w a l l  o f  the t r a c t  w i l l  rece ive  5% o f  

the beta-gamma dose and 0.5% o f  the alpha p a r t i c l e  dose d e l i v e r e d  t o  the  

contents of the t r a c t .  To a very l a r g e  ex ten t  t h i s  dose w i l l  be p r o p o r t i o n a l  

t o  the concent ra t ion  o f  the rad ionuc l ide  i n  the  contents o f  the t r a c t .  I t  

w i l l  not  vary g r e a t l y  w i t h  the  mass o f  the  contents o r  w i t h  the  diameter o f  

the t r a c t .  Thus no very s i g n i f i c a n t  c o r r e c t i o n  i s  necessary so f a r  as t h e  

masses o f  t h e  organ o r  contents a r e  concerned. Assuming the t r a c t  i s  

always f u l l  and t h a t  the  residence t ime i s  s h o r t  compared t o  the  h a l f - l i f e  

o f  the rad ionucl ides o f  i n t e r e s t ,  the  dose received w i l l  n o t  be changed 

s i g n i f i c a n t l y  as  residence t ime var ies.  This  leaves t h e  concent ra t ion  o f  

the rad ionuc l ide  i n  the contents o f  t h e  t r a c t ,  and, hence, t h e  d i e t a r y  

composi t ion as  the  o n l y  v a r i a b l e  o f  s i g n i f i c a n c e .  

The r a t i o  

In take  o f  Water 
Weight o f  Contents o f  G I  T r a c t  

man 

In take  o f  Water 
Weight of  Contents o f  G I  

. 

would seem t o  be the appropr ia te  c o r r e c t i o n  f a c t o r  t o  apply  here. 

have been found on the  v a r i a t i o n  o f  the weight o f  the  contents o f  the G I  

t r a c t  w i t h  age. 

No data 

Maximum Permiss ib le  L i m i t s  f o r  I n t e r n a l  Exposures 

Table 7 gives the  f r a c t i o n  o f  (MPC)w o f  t h e  r i v e r  water c a l c u l a t e d  by 

using t h e  average concent ra t ion  o f  the var ious rad ionucl ides f o r  each year 

where such data were a v a i l a b l e .  A l l  (MPC)w values used f o r  data r e l a t i n g  



TABLE 7 

FRACTION OF MPC I N  WATER FROM CLINCH AND TENNESSEE R I V E R S  

C l i nch  R ive r  M i  14.5 Tennessee R ive r  M i  465.5 

Bone G. I .  T r a c t  T o t a l  Body Thyro id Bone G. 1 .  T r a c t  T o t a l  Body Thyro id Year 

1 944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 

0.1 
0.08 
0.1 
0.05 
0.1 
0.076 
0.016 
0.013 
0.044 
0.087 
0.13 
0.054 
0.059 
0.037 
0.074 
0 . 049 
0.017 
0.013 
0.0044 
0.0043 

0.0043 
0.0022 
0.0017 
0.0015 
0.0018 
0.0032 
0 . 0037 
0.0042 
0.0024 
0.0031 
0.021 
0.050 
0.048 
0.026 
0.0096 

0.06 
0.04 
0.07 
0.03 
0.06 
0.044 
0.0094 
0 . 0075 
0 . 025 
0.050 
0.072 
0.032 
0.035 
0.022 
0.043 
0.029 
0.011 
0.0077 
0.0028 
0.0026 

1 

0.02 
0.01 
0.02 
0.01 
0.02 
0.021 
0.0043 
0.0038 
0.0098 
0.015 
0 . 022 
0.0099 
0.010 
0.0063 
0.013 
0.0084 
0.0037 
0 . 0027 
0.00083 
0.00093 

0.04 
0.03 
0.05 
0.02 
0.03 
0.028 
0.0073 
0.0066 
0.020 
0.040 
0.044 
0.026 
0.029 
0.016 
0.034 
0.018 

0.0050 
0.0023 
0 . 0024 

0.0076 

0.0016 
0.0010 
0.00087 
0 . 00069 
0.00053 
0.0011 
0.0019 
0.0020 
0.00099 
0.0015 
0.0075 
0.021 
0.019 
0.013 
0 . 0052 

0.07 
0.06 
0.09 
0.03 
0.06 
0 . 054 
0.014 
0.013 
0.039 

0.083 
0.050 
0.057 
0.030 
0.069 
0.034 
0.015 
0.0099 
0.0040 
0 . 0042 

0.076 

0.006 
0,005 
0,008 
0.003 
0.005 
0.0077 
0.0021 N 

0.0019 
0,0045 
0.0053 
0.0074 
0.0047 
0.0051 
0.0027 
0.0077 
0.0030 
0.0016 
0.0010 
0.00037 
0 . 00038 
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TABLE 8 

Maximum Permiss ib le  Concentrat ions o f  Radionucl ides i n  Water * ^  
a 

( w / m  1) 
* -  

Source o f  C r i t i c a l  Organ 

T o t a l  G. 1 .  
Nuc l ide  Bone Body T r a c t  Thyro id  SUPP 1 Y  

C l i nch  R iver  9 0 ~  r 4 

8 9 ~  r 1 l o w 5  
137cs 5 lom5 
106RU 1 

1 lom3 
9 5 ~  r 2 x 10-1 

95Nb 7 x 10-1 

l Y  3 x 

Tennessee R iver  9's r 1 log7 
8 9 ~  r 3 x 

137cs 2 

lo6Ru 3 

6oco 2 

4 lom4 
9 5 ~  r 7 x 

95Nb 3 x 10-1 

4 4 ~  e 3 

l Y  1 x 

6oco 6 x l o w 4  
131 I 

4 4 ~  e 8 x l o m 3  

131 I 

2 x 

4 

1 

1 x 

6 x 

2 x 

6 x 10- l  

2 

2 x 10-1 

1 

8 x 

1 

4 

4 

2 

7 

2 x 10-1 

4 x 10-1 

8 x 10-1 

6 x 

aAs recommended by ICRP (see Reference 1) values o f  MPCw f o r  cont inuous 
occupat ional  exposure a r e  reduced t o  1/10 and app l i ed  t o  the C l i nch  R ive r  
and a r e  reduced t o  1/30 f o r  bone, thy ro id ,  and G. 1 .  t r a c t  as c r i t i c a l  
organ and t o  1/100 f o r  whole body as c r i t i c a l  organ and app l i ed  t o  the 
Tennessee River.  When the  organ of re ference i s  n o t  l i s t e d  i n  I C R P  Pub l i -  
c a t i o n  2 an independent es t imate  of  t he  corresponding MPC, va lue  f o r  
continuous occu a t i o n a l  exposure i s  obta ined from the expression Lx (MPC)w 
TB/O.l, where LR i s  the weekly dose r a t e  permi t ted  t o  organ x and (MPC),TB 
i s  the  maximum perm iss ib le  concent ra t ion  i n  water f o r  t o t a l  body. . - 



25 

t o  t h e  C l i n c h  R iver  (see Table 8) a r e  taken as 1/10 o f  the  occupat ional  

(MPC)w values f o r  exposure dur ing  t h e  e n t i r e  week (168 hours).  

(MPC)w values r e l a t i n g  t o  t h e  Tennessee River, the  (MPC)w f o r  continuous 

occupat ional  exposure (168 hours/week) has been m u l t i p l i e d  by 1/100 f o r  

whole body as c r i t i c a l  organ and by 1/30 w i t h  thyro id ,  bone, and G I  t r a c t  

as the  c r i t i c a l  organs. These values a r e  suggested by I C R P  f o r  a p p l i c a t i o n  

t o  exposure o f  persons l i v i n g  iin the  neighborhood o f  t h e  p lan t ,  o r  f o r  the 

average exposure o f  the  popu la t ion  a t  large, respec t ive ly .  I f  t h e  f r a c t i o n  

o f  (MPC) g iven i n  Table 7 i s  m u l t i p l i e d  by the  appropr ia te  dose r a t e  from 

Table 6, an annual dose r a t e  i s  obtained. However, i t  must be borne i n  

mind t h a t  i n  the  case o f  rad ionucl ides o f  long e f f e c t i v e  h a l f - l i f e ,  t h i s  

annual dose r a t e  w i l l  be a t t a i n e d  o n l y  i f  occupancy continues f o r  many 

years. Whi le the  FRC has no t  extended recommendations t o  many o f  the 

rad ionucl ides o f  i n t e r e s t  here, i t  has recommended t h a t  Federal  Agencies 

use the recommendations o f  the NCRP and the  ICRP i n  such cases. I n  a few 

To o b t a i n  

W 

cases where in take  values recommended by t h e  FRC a r e  a v a i l a b l e  and d i f f e r  

from recommendations o f  the I C K P  and NCRP, a s l i g h t  adjustment o f  the present 

values w i l l  be necessary t o  o b t a i n  dose est imates by the  procedure used by 

FRC. 

To o b t a i n  values o f  dose commitment f o r  ch i ld ren ,  an a d d i t i o n a l  f a c t o r  

must be app l ied  as ind ica ted  by Figs. 3, 4, 5. I t  must be r e a l i z e d  t h a t  

these values f o r  a c h i l d  o n l y ' a p p l y  d u r i n g  a r e l a t i v e l y  s h o r t  p e r i o d  o f  

l i f e .  For l3l I  the  annual dose t o  an i n d i v i d u a l  c h i l d ' s  t h y r o i d  might be 

as h i g h  as 12 times t h e  average dose t o  the t h y r o i d  o f  an adu l t ,  b u t  t h i s  

would be o n l y  dur ing  the  f i r s t  year o r  two o f  l i f e ,  and even dur ing these 

years most i n f a n t s  less  than 2 years o f  age would o n l y  be a t  a l e v e l  o f  4 

times the  average a d u l t  value. For bone, t h e  s i t u a t i o n  i s  more complicated. 

The f a c t o r  o f  4 app l ies  o n l y  dur ing  t h e  years o f  age from, say, 10 t o  20, 

and i t  i s  u n l i k e l y  t h a t  an e q u i l i b r i u m  s i t u a t i o n  would be reached i n  t h e  

bone. Thus the  annual doses t o  bone o f  an i n d i v i d u a l  c h i l d  dur ing  these 

years might be expected t o  be less than 12 times the  average a d u l t  values. 

However, t h e  dose commitment f o r  t h e  f u t u r e  would be increased by the  f u l l  

f a c t o r  o f  4 f o r  t h e  average teen-ager and by a f a c t o r  o f  12 f o r  the  h igher  

group o f  teen-agers. This  a d d i t i o n a l  dose would be received over many 
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subsequent years o f  the i n d i v i d u a l ' s  l i f e  span. 

Comparison o f  I n t e r n a l  Dose Recommendations o f  FRC and ICRP 

The FRC has recommended a s e t  o f  Rad ia t ion  P r o t e c t i o n  Guides (RPG) 

a p p l i c a b l e  t o  normal peacetime operat ions.  I n  Report No. 1, RPG values a .  

a r e  g iven f o r  occupat ional  exposure as w e l l  as f o r  exposure o f  the  gonads 

o r  the t o t a l  body i n  the  case o f  popu la t ion  exposure.2 

i d e n t i c a l  w i t h  those recommended by t h e  ICRP.18 

guidance i s  g iven  i n  connect ion w i t h  exposure o f  popu la t ion  groups t o  226Ra, 

1311, 90Sr, and 89Sr.3 

o f  the thyro id ,  bone, and bone marrow. 

These values a r e  

I n  Report No. 2, s p e c i f i c  

RPG values a r e  l i s t e d  f o r  s ing le-organ exposure 

For the case o f  the t h y r o i d  gland and l3 l I ,  t h e  FRC recommends a RPG 

va lue o f  1.5 rem per year f o r  i n d i v i d u a l s  and 0.5 rem per year f o r  the 

average o f  s u i t a b l e  samples o f  an exposed group. 

the  corresponding guides suggested by the ICRP f o r  exposure o f  the 
populat ion,  s ince  the  s u i t a b l e  samples o f  FRC includes o n l y  ch i ld ren .  19 

According t o  FRC, "...80 Picocur ies o f  '''1 per day would meet the RPG f o r  

t h y r o i d  f o r  averages o f  s u i t a b l e  samples o f  an exposed p o p u l a t i o n  group o f  

0.5 rem per year." For adul ts ,  the  RPG f o r  the  t h y r o i d  would n o t  be 

exceeded by ra tes  o f  in take  h igher  by a f a c t o r  of 10; t h a t  i s ,  800 pico-  

cur ies  per  day. 

man t h a t  i s  equ iva len t  t o  0.5 rem per year i s  3.3 x lom7 p c per m i l l i l i t e r ;  

o r  a daily i n take  of about 730 picocur ies. '  W i t h i n  the p r e c i s i o n  o f  t h e  

data employed by these agencies i n  a r r i v i n g  a t  these respec t ive  guides 

o r  l i m i t s  t h i s  d i f f e r e n c e  i n  r a t e  o f  i n t a k e  i s  no t  s i g n i f i c a n t .  N o t i c e  t h a t  

the  dose c a l c u l a t e d  by equations 8 and 10 apply  t o  standard man and inc lude 

a term, gt, 

A dose-correct ion f a c t o r  i s  then app l ied  t o  these equations t o  account f o r  

d i f fe rences  i n  the  in take  and organ s i z e  o f  t h e  i n d i v i d u a l s  under consider-  

a t ion .  The c a l c u l a t e d  doses t o  the  t h y r o i d s  o f  c h i l d  and man due t o  

a r e  compat ib le w i t h  recommendations o f  both agencies even though d i f f e r e n c e s  

i n  the  r a d i o s e n s i t i v i t y  o f  the  t h y r o i d  a r e  n o t  considered. 

3 
These values a r e  h a l f  

Based upon ICRP c a l c u l a t i o n s ,  an MPCW va lue f o r  standard 

t o  account f o r  the  f r a c t i o n  a t t a i n e d  of  permiss ib le  intake. 

131 I 

For the  case o f  the bone and 90Sr,  FRC recommends an RPG va lue  o f  1.5 

rem per year f o r  i n d i v i d u a l s  and 0.5 rem per year f o r  averages o f  exposed 

populat ions.  No d i s t i n c t i o n  i s  made between dose t o  the bone o f  c h i l d r e n  
3 

. 

c 
c 
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c 

I 

and adu l ts .  

c u r i e s  per day would genera l l y  correspond t o  a bone dose o f  0.5 rem per  

year t o  the  average o f  s u i t a b l e  samples o f  an exposed populat ion.  

ICRP suggests t h a t  f o r  somatic dose the  average permiss ib le  l e v e l  f o r  

l a r g e  populat ions be one- th i  r t i e t h  o f  the  continuous occupat ional  value; 

t h a t  is ,  about one rem per  year t o  the  bone. According t o  P u b l i c a t i o n  2 

o f  ICRP the r a t e  o f  in take  of ‘90Sr by standard man corresponding t o  a 

dose a t  e q u i l i b r i u m  of 0.5 rem per year i s  40 p icocur ies  per day. However, 

the MPCw value and thus the r a t e  o f  90Sr in take  by standard man was changed 

i n  P u b l i c a t i o n  6 o f  ICRP.5 

a b e t t e r  est imate of  MPC values f o r  90Sr (bone as c r i t i c a l  organ), than the  

s i n g l e  exponent ia l  model used prev ious ly .  

increased by a f a c t o r  o f  f o u r  the  permiss ib le  body burden and r e s u l t a n t  

dose t o  t h e  bone remain unchanged. Thus the  permiss ib le  in take  o f  90Sr 

by standard man was increased by a f a c t o r  o f  f o u r  and a d a i l y  in take  o f  

160 p icocur ies  now corresponds t o  a dose o f  0.5 rem per year. 

They consider t h a t  a continuous d i e t a r y  in take  o f  600 p ico-  

The 

1 

They now consider t h a t  metabol ic  data prov ides 

Although t h e  MPCw va lue was 

A t  present 

the  ICRP uses a r e l a t i v e  damage f a c t o r  of 5 f o r  bone-seeking rad ionucl ides 

o ther  than radium. The maximum permiss ib le  body burden and the associated 

maximum permiss ib le  in take  o f  90Sr i s  weighted by a r e l a t i v e  damage f a c t o r  

o f  5. Thus t o  compare t h e  guides o f fe red  by FRC and ICRP i t  i s  necessary 

t o  m u l t i p l y  the  d a i l y  in take  off 160 p icocur ies  o f  ICRP by a f a c t o r  o f  5. 

I n  view o f  t h e  u n c e r t a i n t y  concerning t h e  body burden o f  90Sr and the e f f e c t  

associated w i t h  t h e  corresponding dose t o  the bone o f  a d u l t s  a t  equ i l ib r ium,  

the discrepancy i n  ra tes  o f  in take  (600 pc per  day and 800 pc per day) i s  

no t  considered s i g n i f i c a n t .  The r a t e  of  in take  and r e s u l t a n t  bone dose 

suggested by the  two agencies a r e  no t  compat ib le even though” there  i s  an 

apparent d i f f e r e n c e  o f  two i n  t h e  standard t o  be app l ied  t o  the exposed 

populat ion.  
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RAD IAT ON EXPOSURES FROM ORDINARY USAGE OF THE R VERS 

Eva lua t ion  o f  Dosages from D r i n k i n g  Water 

Estimates o f  the  f r a c t i o n  o f  maximum permiss ib le  dosages received 

from d r i n k i n g  C l i n c h  R iver  and Tennessee River  water a r e  based on con- 

cent ra t ions  o f  rad ionuc l ides  i n  t h e  raw water. Th is  approach i s  

conservat ive,  because i t  assumes t h a t  there  w i l l  be no reduc t ion  of rad io-  

nuc l ides i n  t h e  water by water t reatment b e f o r e  d r i n k i n g ,  and i t  makes no 

al lowance f o r  p o r t i o n s  o f  the  rad ionucl ides t h a t  a r e  i n  t h e  bottom sediments 

which would n o t  be expected t o  en ter  raw-water intakes. Fu ture  c a l c u l a t i o n s  

may consider r a d i o n u c l i d e  removal by water p l a n t s  and bottom sediments, b u t  

the data now a v a i l a b l e  do no t  warrant it. 

The f r a c t i o n  o f  MPCw t h a t  would be a t t a i n e d  by d r i n k i n g  water from 

the  C l inch  and Tennessee Rivers a t  the two reference s t a t i o n s ,  namely 

CRM 14.5 and TRM 465, have been g iven i n  Table 7. For t h e  p e r i o d  1943- 

1948, o n l y  est imates o f  90Sr  concentrat ions a r e  ava i lab le .  

f r a c t i o n  o f  MPC a t t a i n e d  f o r  t h i s  per iod  i s  based on t h e  est imates o f  
90 

responsib le  f o r  a lmost a l l  the  bone and t o t a l  body dose as w e l l  as a 

s i g n i f i c a n t  p a r t  o f  the  dose t o  the  thyro id .  Inherent  i n  t h e  c a l c u l a t i o n  

of these f r a c t i o n a l  values i s  the  assumption t h a t  exposure i s  continuous 

f o r  a per iod  o f  50 years t o  t h e  m i x t u r e  o f  rad ionucl ides t h a t  i s  present 

d u r i n g  the p a r t i c u l a r  year. For these mixtuces o f  rad ionuc l ides  i n  the 

raw water, est imated dose t o  t h e  bone c o n s t i t u t e s  a g rea ter  f r a c t i o n  o f  

the maximum permiss ib le  l i m i t  than does the  est imated dose t o  t h e  o t h e r  

body organs. The l a r g e s t  f r a c t i o n  

of  bone dose a t t a i n e d  was 0.13 (13%) f o r  the  1954 concentrat ions,  assuming 

t h a t  t h e  same concentrat ions cont inued f o r  50 years. For example, app ly ing  

t h e  most r e s t r i c t i v e  FRC l i m i t  o f  t h y r o i d  dose ( f o r  the  average c h i l d  o f  

the  popu la t ion-a t - la rge  which is 1/60 o f  the  continuous occupat ional  

exposure), the  f r a c t i o n  o f  MPCw t h a t  would be a t t a i n e d  a t  CRM 14.5 dur ing  

1961 i s  less  than 0.03 (3%). 

t r a c t  f o r  1960 and 1961 i s  due t o  the increased re lease o f  Ru. 

Thus the  

W 

S r .  Such c a l c u l a t i o n s  a r e  warranted o n l y  because 90Sr has been 

This  i s  a t t r i b u t a b l e  t o  90Sr released. 

The increase i n  i n t e r n a l  dose t o  the  GI 
106 

n .  
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Est imat ion of  Rad ia t ion  Dose from Inges t ion  o f  Water 

The MPC values a r e  s e t  by t h e  requirement t h a t  i n  an environment 
W 

where t h e  l e v e l  o f  contaminat ion remains constant and the  composit ion o f  

the contaminants i s  unchanged, the  dose r a t e  (rems/week) f o r  an a d u l t  

a f t e r  50 years of  exposure s h a l l  n o t  exceed a recommended l i m i t .  

such a 50-year exposure per iod,  e q u i l i b r i u m  i n  t h e  body i s  reached by most 

o f  the  rad ionucl ides,  because t h e i r  e f f e c t i v e  h a l f  l i f e  i n  the  body i s  

s h o r t  compared t o  50 years. 

annual dose r a t e  i s  reached o n l y  a f t e r  50 years o f  continuous exposure o f  

an a d u l t  t o  the  MPb A t  e a r l i e r  t imes the  dose r a t e  t o  the  ske le ton  o r  

t o t a l  body of  such an a d u l t  w i l l  be below the  recommended l i m i t i n g  dose. 

For t h i s  reason, and a l s o  because the  l e v e l s  and composi t ion o f  the 

contaminants a r e  not  constant, es t imat ion  of dose received by inges t ion  

o f  known concentrat ions i s  des i rab le.  A mathematical model has been 

developed t h a t  w i l l  a l l o w  c a l c u l a t i o n  o f  dose received as a f u n c t i o n  o f  

time. 

Dur ing 

However, i n  the  case o f  90Sr, the  a l lowab le  

Fol lowing inges t ion  o f  water, the a c t i v i t y  present i n  a c r i t i c a l  organ 
o f  the body a t  t ime t ( a f t e r  t h e  s t a r t  o f  ingest ion)  can be expressed as: 1,20 

where 

Q = p c present  i n  c r i t i c a l  organ, 

= f r a c t i o n  o f  ingested rad ionuc l ide  t h a t  i s  re ta ined i n  the  
c r i t i c a l  organ, fW 

S = r a t e  o f  i n t a k e  of water, m l /y r  

X = concent ra t ion  of rad ionuc l ide  i n  water dur ing  exposure,pc/ml 

e 

Assuming t h a t  the  concent ra t ion  o f  a rad ionuc l ide  i n  water i s  the 

'h = e f f e c t i v e  decay constant o f  rad ionucl ide,  l / y r ,  and 

t '  = a t ime var iab le .  

average annual concent ra t ion  and t h e  r a t e  o f  water in take  i s  2.2 l i t e r s / d a y  

(standard man), Eq. 3 i s  in tegra ted  over a t ime per iod  o f  1 year g iv ing :  . 
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where 

Q ( I )  = p c  present i n  the c r i t i c a l  organ a t  the end o f  t 

Xt 

years due t o  t h e  in take  o f  water dur ing  t h a t  year, and 

= average annual concentrat ion p d m l  o f  a r a d i o n u c l i d e  i n  
water dur ing  a p a r t i c u l a r  year, t. 

A f t e r  t h e  exposure per iod  t, the  q u a n t i t y  o f  rad ioncu l ide  remaining 

i n  the c r i t i c a l  organ i s  g iven by: 

where 

T = t h e  years a f t e r  a p a r t i c u l a r  i n t a k e  per iod,  t, and 1 g T 2  n. 

Since the q u a n t i t y  o f  water consumed by an i n d i v i d u a l  i s  a function1 o f  t h e  

i n d i v i d u a l ' s  age, the c r i t i c a l - o r g a n  burden i s  a l s o  a f u n c t i o n  o f  the 

i n d i v i d u a l ' s  age. Thus, an in take  c o r r e c t i o n  f a c t o r  j (where y i s  the 

i n d i v i d u a l ' s  age d u r i n g  a p a r t i c u l a r  i n t a k e  per iod) ,  must be app l ied  t o  

Eqs. (4) and (5). For example, assume t h a t  an i n d i v i d u a l o f  age y = 10 

began t o  consume contaminated water a t  t h e  beginning o f  year, t = 1, t h e  

c r i t i c a l - o r g a n  burden o f  a p a r t i c u l a r  r a d i o n u c l i d e  each year f o r  a p e r i o d  

of ,  say, 3 years would be determined as fo l lows:  

Y 

Per iod Body Burden (uc) 

t =  1 

t = 2  

t = 3  

The dose received by the c r i t i c a l  organ d u r i n g  the p e r i o d  o f  intake, 

t, i s  
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c D(I) = Qdt '  , 

0 

where 

MPD = t h e  maximum permiss ib le  dose r a t e  t o  a p a r t i c u l a r  

[ 1 - e -Ae50] , t h e  f r a c t i o n  o f  

organ, rem/yr, and 

MPC S fw  

e 

W 

qf2 = h 

rad ionuc l ide  i n  the  c r i t i c a l  organ a f t e r  50 years of continuous exposure. 

By s u b s t i t u t i n g  Eq. (3) i n  Eq. (7) and i n t e g r a t i n g  over an exposure 

per iod  o f  1 year, t h e  dose received by the  c r i t i c a l  organ dur ing  a 

p a r t i c u l a r  exposure year, t, i s  

, c 

where 

9, = xt , t h e  f r a c t i o n  o f  MPC i n  water d u r i n g  a p a r t i c u l a r  
W 

MPCw year, t. 

A f t e r  t h e  exposure per iod  t t h e  c r i t i c a l  organ w i l l  cont inue t o  be 

i r r a d i a t e d  by t h e  rad ionuc l ide  re ta ined from the exposure per iod  (see page 

17). 
h a l f  l i f e  of the rad ionucl ide.  The dose a f t e r  exposure i s  

The length  o f  t ime f o r  such r e s i d u a l  exposure depends on the  e f f e c t i v e  

where 

t '  and t" = t ime var iab les.  

I n t e g r a t i o n  o f  Eq. (9) over an exposure per iod  o f  1 year and pos t  

exposure period, T, g ives 
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I 

The t o t a l  dose received by a p a r t i c u l a r  c r i t i c a l  organ t o  a 

p a r t i c u l a r  r a d i o n u c l i d e  a f t e r  a number o f  years o f  exposure i s  then the  

sum o f  Eqs. (8)  and (10). A dose-correct ion f a c t o r  must be a p p l i e d  t o  

Eqs. (8) and (10) t o  account f o r  d i f f e r e n c e s  i n  t h e  i n t a k e  and organ s i z e  

o f  the i n d i v i d u a l s  under considerat ion.  The dose c o r r e c t i o n  f a c t o r  i s  

S / M  
h =  u 

M 
'sm/ sm 

Y 

where 

S = the  r a t e  o f  water in take  o f  an i n d i v i d u a l  o f  age, y 

S = the  r a t e  o f  water i n t a k e  o f  standard man, 

M = the  weight o f  the c r i t i c a l  organ o f  an i n d i v i d u a l  o f  age, y, 

Y 

sm 

and 

M = t h e  weight o f  the  c r i t i c a l  organ o f  standard man. 
sm 

For an i n d i v i d u a l  o f  age, y = 10, who began t o  consume contaminated 

water a t  the  beginning o f  year, t = 1, t h e  dose received each year f o r  a 

per iod  of ,  say, 3 years would be determined as fo l lows:  

t = 2  

. , 
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I 

Computer Ca lcu la t ions  o f  I n t e r n a l  Dose 

The mathematical models (equat ions 4, 5, 8 and lo ) ,  w i t h  appropr ia te  

c o r r e c t i o n  fac to rs ,  a r e  coded f o r  Data Cont ro l  1604, p e r m i t t i n g  machine 

computations of c r i t i c a l  organ burdens and dose received. Ca lcu la t ions  

a r e  performed by assuming t h a t  i n d i v i d u a l s  from b i r t h  through age 45 and 

standard man began i n  1944 t o  d r i n k  unt reated water from the  C l inch  R iver  

( m i l e  14.5) and from the  Tennessee R iver  ( m i l e  465). 

d r i n k  water from these sources through 1963, f o l l o w i n g  which water i s  

obtained from an uncontaminated supply. I t  i s  a l s o  assumed t h a t  a l l  

water taken i n t o  t h e  body i n  food o r  d r i n k  i s  equa l ly  contaminated and 

t h a t  in take  and organ mass vary w i t h  age according t o  data i n  Figures 3, 

4, and 5. 

They cont inue t o  

Comparative Examples of  Computed Dose.- Examples of t h e  computed 

annual dose received by the  skeleton, t o t a l  body, and t h y r o i d  o f  males 

d r i n k i n g  C l inch  River  water a r e  shown i n  Figures 6, 7, and 8. At t h e  

end o f  1963 the  dose r a t e  t o  the  skeleton (Fig. 6) o f  t h e  c r i t i c a l  

popu la t ion  group, the  14-year-old, i s  about tw ice  t h a t  o f  standard man. 

The dose r a t e  received by t h e  male skeleton o f  o ther  age groups i s  less 

than the  14-year-old (see Table 9). The d i f f e r e n c e s  i n  dose r a t e  a r e  

a t t r i b u t e d  t o  d i f f e r e n c e s  i n  i n t a k e  and s i z e  of  the  skeleton. Stront ium- 

90 i s  responsib le  f o r  more than 9% o f  the skeleton dose; thus, smal ler  

releases o f  t h i s  rad ionuc l ide  i n  1950 t o  1952 and 1960 t o  1963 a r e  

r e f l e c t e d  by a reduc t ion  i n  annual dose received by the  skeleton. 

Not ice  t h a t  the  maximum dose r a t e  t o  the  skeleton of  the p o t e n t i a l l y  

c r i t i c a l  group i s  cons iderably  less than 1/10 o f  the  permiss ib le  

continuous occupat ional  l e v e l s  o f  ICRP (3.0 rem per  year). Dose r a t e  t o  

the  t o t a l  body (Fig. 7) and t h y r o i d  (Fig. 8) o f  the  c r i t i c a l  groups i n  

1963 i s  about 50$ g r e a t e r  than t h a t  o f  standard man. 

i n  the  Tennessee River  r e s u l t s  i n  a reduced dose r a t e  (by a f a c t o r  o f  

about 8) t o  the  i n d i v i d u a l  organs. The d i f f e r e n c e s  i n  dose rates received 

by t h e  organs a r e  s i m i l a r  t o  those found f o r  t h e  C l i n c h  River  (Table 9). 

I n  a l l  cases the  dose ra tes  t o  t h e  c r i t i c a l  organ o f  the p o t e n t i a l l y  c r i t i c a l  

groups i s  a t  l e a s t  one order  o f  magnitude below permiss ib le  leve ls .  The 

dose r a t e  received by males i s  g rea ter  than t h a t  received by females o f  a l l  

D i l u t i o n  o f  wastes 
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TABLE 9 

DOSE RATE TO CRITICAL ORGANS OF MALES FROM DRINKING  WATER^ 
( rems/year) 

* 

~ ~~ 

C l inch  R iver  Water Tennessee R iver  Water Age a t  S t a r t  

o f  Exposure 
T o t a l  Body Thyro id Skeleton T o t a l  Body Thyro id 

0.0032 

Skeleton 

0 0.16 0,0097 0.023 0.017 0.0014 

0.0038 5 0.17 0.013 0.027 0.023 0.0018 

0.18 0.014 0.029 0.025 0.0019 0.0039 w 
4 

9 

14 0.19 0.014 0.028 0.026 0.0019 0.0039 

19 0.18 0.014 0.027 0.025 0.0018 0,0037 

25 0.17 0.013 0.025 0.023 0.0017 0.0834 

Standard Man 0.099 0.0097 0.017 0.013 0.0013 0.0024 

Maxi mum 
Permiss ib le  Dos& 3.0 0.5 3.0 1 .oo 0.05 1.0 

aThe dose r a t e  a t  the  end o f  1963. 

bAccording t o  recommendations o f  the ICRP P u b l i c a t i o n  2 where values o f  annual dose r a t e  f o r  continuous 
occupat ional  exposure a r e  reduced t o  1/10 and app l ied  t o  the C l i n c h  R iver  and reduced t o  1/30 f o r  
ske le ton  and t h y r o i d  as c r i t i c a l  organ and t o  1/100 f o r  whole body as c r i t i c a l  organ and app l ied  t o  the 
Tennessee River.  
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age groups and c r i t i c a l  organs considered. 

Another i n t e r e s t i n g  comparison i s  the  t o t a l  dose received by  i n d i v i d u a l s  

du r ing  the  pe r iod  i n  which C l inch  R iver  and Tennessee R ive r  water i s  

consumed. As shown i n  Table 10 the  ske le ton  o f  a 14-year-old male receives 

a t o t a l  dose o f  2.9 rem by use o f  C l i nch  R iver  water and 0.37 rem by use 

o f  Tennessee R iver  water -- about tw ice  t h a t  o f  standard man. About 9% 
o f  the t o t a l  body dose i s  due t o  90Sr,  and f l u c t u a t i o n s  i n  dose r a t e  

r e f l e c t  changes i n  90Sr re lease as w e l l  as d i f f e rences  i n  i n t a k e  and 

organ mass. The t h y r o i d  o f  the newborn i n f a n t  receives the  l a r g e s t  dose, 

about tw ice  t h a t  o f  standard man. Strontium-90 and iodine-131 a r e  

responsib le  f o r  7% and 3% o f  the  t o t a l  t h y r o i d  dose, respec t i ve l y .  

l a r g e  re lease o f  l 3 l I  and the s h o r t  e f f e c t i v e  h a l f  l i f e  o f  t h i s  rad io -  

nuc l i de  r e s u l t  i n  s i zeab le  increase i n  t h y r o i d  dose du r ing  1949. O f  the  

organs analyzed, t he  ske le ton  o f  man receives the l a r g e s t  dose. A f t e r  

1963 doses received by the c r i t i c a l  organs is due t o  rad ionuc l ides  t h a t  

have accumulated du r ing  the  pe r iod  t h a t  contaminated water i s  consumed. 

Th is  dose commitment should be considered i n  any assessment o f  f u t u r e  

exposure l i k e l y  t o  be received. 

Considerat ion o f  Metabo l ic  Factors  

A 

Recent ly in fo rmat ion  on metabol ic  processes o f  c h i l d r e n  and a d u l t s  

permi ts  a p re l im ina ry  assessment o f  t h e i r  importance i n  es t ima t ing  i n t e r n a l  

dose. I n  p a r t i c u l a r ,  Kulp and Rivera have examined the  e f f e c t s  o f  bone 

growth, r a t e  o f  bone turnover,  and the  r a t i o  o f  s t ron t i um t o  ca lc ium i n  

bone t o  t h a t  i n  d i e t ,  on the  r e t e n t i o n  o f  90Sr i n  the  ske le ton  o f  man. 

The d i f f e rence  equat ion f o r  the  model developed by Kulp (he re in  r e f e r r e d  

t o  as the  age dependent metabol ic  model) can be expressed as: 

21,22 

where 

Sn 

f = f r a c t i o n a l  bone turnover  r a t e  du r ing  the  pe r iod  from t ime n-1 
n 

= pc 90Sr  ske le ton  burden a t  t ime n 

t o  t ime n 

I 
* 1. 

. 
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TABLE 10 

DOSE RECEIVED BY CRITICAL ORGANS OF MALES FROM DRINKING  WATER^ 
rem) 

Age a t  S t a r t  
C l inch  River  Water Tennessee R iver  Water 

of  Expos u r e  Skeleton T o t a l  Body Thyro id Skeleton T o t a l  Body Thyro id 
( y r s  a f t e r  b i r t h )  

0 1.7 0.20 0.65 0.23 0.026 0.087 

5 

9 

14 

2.3 0.22 0.61 0.30 0.029 0.082 

2.6 

2.9 

19 2.8 

25 2.6 

Standard Man 1.5 

Maximum 
Permi ss i b l e  Dose!' 60 

W 
9 

0.23 0.60 0,34 0.029 0.079 

0.23 0.59 0.38 0.030 0.078 

0.22 0.53 0.36 0.028 0.070 

0.20 0.48 0.34 0.026 0.063 

0.15 0.32 0.19 0.019 0.042 

10 60 20 1 20 

aThe cumulat ive dose f o r  the per iod  1944 t o  1963. 

bAccording t o  recommendations o f  the ICRP P u b l i c a t i o n  2 where values o f  annual dose r a t e  f o r  
cont inuous occupat ional  exposure a r e  reduced t o  1/10 and app l ied  t o  the C l i n c h  R iver  and reduced 
t o  1/30 f o r  ske leton and t h y r o i d  as c r i t i c a l  organ and t o  1/100 f o r  whole body as c r i t i c a l  organ 
and a p p l i e d  t o  the Tennessee River. 
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x 
K 

n 

n 

n 

Can 

I 

C 

G 

= 90Sr r a d i o l o g i c a l  decay constant per  per iod  

=(SI Bone/ [+) D i e t  

= - f l u i d  intake, l’i tersyday 

= 9 0 ~ r  concent ra t ion  i n  water, p c / l i t e r  

= calc ium intake, grams/day, and 

= calc ium content  o f  the ske le ton  (grams). 

. 

I 

I 

= *  

The equat ion r e l a t e s  the  loss and g a i n  o f  9 O S r  d u r i n g  the  p e r i o d  o f  

i n t e r e s t ,  and i s  based on calc ium metabolism. Calcium may en ter  and 

leave t h e  ske le ton  each per iod.  Bone turnover  i s  de f ined as  t h e  q u a n t i t y  

o f  calc ium t h a t  enters  and i s  excreted from the  skeleton. The f r a c t i o n a l  I 

bone turnover  rate,  F, i s  the bone turnover  r a t e  d i v i d e d  by the  q u a n t i t y  

o f  calc ium contained i n  the  skeleton. Strontium-90 i n  the  ske le ton  i s  

1 

l o s t  as a r e s u l t  o f  bone turnover  and r a d i o l o g i c a l  decay and i s  gained 

by bone remodeling and bone growth. 

By successive a p p l i c a t i o n  o f  the d i f f e r e n c e  equation, the s k e l e t a l  

burden can be determined. The dose r a t e  i s  g iven  by 

s 
W 

D n = a  j 

n 

where 

Dn = dose rate,  rem/yr, 

Wn = mass o f  the skeleton i n  kg a t  t ime n, and 

- YC- .;Y/ kg 
a = a constant;  f o r  90Sr, 1.03 x 

These equations were coded f o r  computer s o l u t i o n  us ing an i n t e r v a l  o f  one 

month d u r i n g  0 t o  2 years o f  age, th ree  months dur ing  2 t o  24 years, and 

y e a r l y  i n t e r v a l s  therea f te r .  

Est imat ion o f  the  dose received by the  ske le ton  of males due t o  

inges t ion  o f  C l inch  R iver  water were performed us ing the same values f o r  

f l u i d  intake, and 90Sr  concentrat ion i n  water and skeleton mass, t h a t  were 

p r e v i o u s l y  employed w i t h  t h e  adjusted I C R P  model i n  equations 8 and 

Service, w h i l e  working w i t h  the I n t e r n a l  Dose Est imat ion Section, Hea l th  
Physics D i v i s i o n ,  ORNL. 

aCalcu lat ions were performed by H. J. Fisher ,  U. S. P u b l i c  Hea l th  

. 
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t 

t 

. 

Values o f  d a i l y  calc ium in take  and calc ium content  o f  the  body were taken 

from A l b r i t t o n  and M i t c h e l l ,  respec t ive ly ;  14y23 values o f  bone turnover 

r a t e  and the observed r a t i o  (Kn) were from Rivera. Examples o f  the  

cumulat ive s k e l e t a l  dose (1944 t o  1963) t o  i n d i v i d u a l s  of var ious ages a r e  

g iven i n  Table 11. For comparative purposes, the t a b l e  a l s o  includes the 

s k e l e t a l  dose c a l c u l a t e d  w i t h  the  adjusted ICRP model. I n  a l l  cases the 

age dependent metabol ic  y i e l d s  a s l i g h t l y  l a r g e r  est imate o f  t o t a l  dose 

(an average of  15% f o r  the i n d i v i d u a l s  l i s t e d )  than the  adjusted ICRP 

model. Unquestionably, changes can be expected i n  the values o f  metabol ic  

f a c t o r s  as new in fo rmat ion  becomes ava i lab le .  

22 

Dose Commitment Associated w i t h  I nqested Radionucl ides 

Dose commitments f o r  the  f u t u r e  (page 17) associated w i t h  the 

consumption of  C l inch  R iver  and Tennessee River  water a r e  g iven i n  

Table 12. 

ages receive, beginn ing i n  1964 and extending t o  age 65; they r e s u l t  from 

the r e t e n t i o n  of  rad ionucl ides i n  c r i t i c a l  organs due t o  inges t ion  o f  

contaminated water d u r i n g  t h e  per iod  1944 through 1963. For reasons 

prev ious ly  enumerated, the  c r i t i c a l  organs o f  standard man have a smal ler  

dose commitment ( i n  general)  than the  organs o f  o t h e r  ind iv idua ls .  I n  a l l  

cases t h e  dose commitments a r e  w e l l  below prescr ibed l i m i t s .  

These a r e  est imated cumulat ive doses t h a t  persons o f  var ious 

Exposures from Eat ing Contaminated F i s h  

F ish  l i v i n g  i n  the  C l inch  R iver  and Tennessee R iver  downstream from 

White Oak Creek a s s i m i l a t e  some o f  the  rad ionucl ides released t o  the  

r i v e r  system. Since f i s h  i s  a s t a p l e  o f  man's d i e t ,  rad ionucl ides present 

i n  the f i s h  w i l l  c o n t r i b u t e  t o  h i s  t o t a l  dose. 

Radionucl ide Concentrat ions i n  F i s h  

The data on rad ionuc l ide  concentrat ions i n  f i s h  were obtained by the  
24-29 

Subcommittee on Aquat ic  Biology, C l inch  R iver  Study Steer ing Committee. 

F i s h  were c o l l e c t e d  dur ing  var ious seasons f o r  t h e  per iod  of 1960 t o  1962 

and were processed to  approximate, i n s o f a r  as poss ib le ,  normal human 

u t i l i z a t i o n .  25'29 

processed e i t h e r  by g r i n d i n g  the  f l e s h  and bones together  ( t o t a l  f i s h  

analyses) o r  by removing the  f l e s h  a f t e r  cooking ( f l e s h  analyses). S i g h t  

Bottom feeders (carp, carpsucker, and b u f f a l o )  were 
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TABLE 11 

DOSE RECEIVED BY SKELETON OF MALES FROM DRINKING  WATER^ 

( rem) 
Age a t  S t a r t  Age Dependent 

o f  Exposure Metabo l ic  Model Adjusted JCRP Model 
( y r s  a f t e r  b i r t h )  (Equations 13 and 14) (Equat ions 8 and 10) 

0 

5 

9 

14 

19 

25 

2.2 

2.4 

3.1 

3.3 

3.3 

2.9 

1.7 

2.3 

2.6 

2.9 

2.8 

2.6 

a 
The cumulat ive dose from inges t i on  o f  C l i nch  R iver  water du r ing  
the per iod  1944 t o  1963. 

. 



TABLE 12 

D O S E  COMMITMENT TO CRITICAL ORGANS OF MALES FROM DRINKING WATERa 

( rem) 

Age a t  S t a r t  Cl inch R ive r  Water Tennessee River  Water 

o f  Exposure Skeleton T o t a l  Body Thyro id Skeleton T o t a l  Body Thyro id 

0.051 0 2.6 0.18 0.36 0.35 0.024 

0.063 0,030 5 3.3 0.23 0.46 0.45 

9 3.5 0.24 0.47 0.43 0.032 0.066 

14 3.4 0.23 0.46 0.45 0.031 0.062 

19 3.0 

25 2.5 

Standard Man 2.0 

0.21 0.41 0.41 0.027 0.055 

0.046 0.17 0.34 0.34 0.023 

0.18 0.32 0.28 0.024 0.044 

a The cumulat ive dose commitment beginning i n  1964 and extending t o  age 65. 
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feeders (wh i te  crappie, b l u e g i l l ,  w h i t e  bass, l a r g e  mouth bass, sauger, 

and drum) were processed by removing the f l e s h  a f t e r  cooking. For t h e  

i n t e r n a l  dose analys is ,  c a t f i s h  were included w i t h  the  s i g h t  feeders, 

s ince  o n l y  the  f l e s h  o f  the c a t f i s h  was processed. 

program was completed May 1963. Carp, carpsucker, and b u f f a l o  were 

c o l l e c t e d  from t h e  C l i n c h  R iver  and carp and b u f f a l o  were c o l l e c t e d  from 

the Tennessee River.  

separated from the  bone f o r  analys is .  

Another f i s h  sampling 

The f i s h  were pressure cooked and the  f l e s h  was 

Not a l l  species o f  bottom feeders and s i g h t  feeders were c o l l e c t e d  i n  
* 

the  sampling programs d u r i n g  1960 t o  1962. 

c o l l e c t e d  d u r i n g  1960 t o  1962 were considered as one sample; s i g h t  feeders 

were t rea ted  i n  s i m i l a r  manner. Th is  e v a l u a t i o n  o f  i n t e r n a l  dose d i s -  

regards any d i f f e r e n c e s  i n  f i s h  due t o  the  t ime o f  c o l l e c t i o n .  In fo rmat ion  

on seasonal v a r i a t i o n  o f  such f a c t o r s  as feeding rates and water content  

o f  the f l e s h  and t h e i r  e f f e c t  on rad ionuc l ide  concentrat ions i s  unavai l -  

a b l e  and cannot be considered i n  the  c a l c u l a t i o n s .  

Therefore bottom feeders 

Resul ts o f  analyses o f  f i s h  c o l l e c t e d  from t h e  C l i n c h  R i v e r  and 

Tennessee R iver  a r e  l i s t e d  i n  Tables 13 and 14, respect ive ly .  Average 

values a r e  g iven f o r  the p r i n c i p a l  rad ionuc l ides  detected; analyses o f  

the 1963 catch included o n l y  90Sr  and 137Cs. V a r i a t i o n  o f  the  averages 

i s  ind ica ted  by the standard e r r o r  o f  the  mean. Standard e r r o r s  do n o t  

appear where f i s h  w e r e  cornposited be fore  analyses, Bottom feeders a r e  

l i s t e d  by species, s ince  in fo rmat ion  i s  a v a i l a b l e  on t h e  t o t a l  q u a n t i t i e s  

o f  these f i s h  harvested commercial ly from Watts Bar Reservoir  and from 

East Tennessee (Table 15). In fo rmat ion  on s i g h t  feeders harvested i s  

meager i n  comparison and does no t  warrant  analyses by species. Only 

s p o r t  f i s h i n g  takes p lace on the  C l inch  River.  

Average values ( f o r  t h e  same per iod)  a r e  observed t o  vary by f a c t o r s  

ranging from about 2 t o  5 between f i s h  types from the  same r i v e r ;  s i m i l a r  

v a r i a t i o n s  occur between f i s h  o f  t h e  same type b u t  from the  two r i v e r s .  

A p e c u l i a r  d i f f e r e n c e  i s  noted i n  90Sr concentrat ions i n  s i g h t  feeders 

c o l l e c t e d  1960-1962; t h e  average concent ra t ion  i n  Tennessee R iver  f i s h  i s  

about 5% greater  than i n  C l inch  R iver  f i sh .  There i s  no exp lanat ion  f o r  

t h i s  d i f ference.  Four carpsuckers, c o l l e c t e d  a t  C l i n c h  R iver  M i l e  19.6, 

’ -  

* I  
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TABLE 13 

CONCENTRATION OF RADIONUCLIDES IN CLINCH RIVER FISH 

(pc/kg frssh weight) 

Fish SAMPLE WSr '37cs '&Ru 4 0 c ~  
Species PERIOD 

Flesh Total" Flesh Total" Flesh Totala Flesh Totala 

Carp 1960- 1962 ( 17)b 500* 140 (40) 5100*1700 ( 71) 510* 57 (39) 560*79 ( 69) 170* 18 (39) 

1963 ( 20) 

Carpsucker 1960- 1962 ( 18) 

1963 

Buffalo 1960 - 1962 

1963 

Ffzyrsc 1960 - 1962 

91 * 22 ( 20) 320 i 110 

(122) 1200*460 (37) 640*67 ( 22) 120 * 3 0  (37) 5 4 0 i  190 (39) 940* 120 

(39) 48Ood 

22 *4.4 ( 20) 460 * 82 

240 * 89 (30) 830 * 110 ( 5) 480 * 94 (30) 590* 92 ( 5) 11Oi32 (30) 

43*  14 ( 21) 5605 84 

180* 83 (126) 680 i 120 (127) 120*32 

290 * 78 (67) 66 6.1 (39) 49 i 9.9 

56 i 16 (22) 120* 19 (37) 32 * 6.8 + 

m 

(30) 32 f 6.8 150 i 38 ( 5) 7 8 * 2 1  

(127) 2 2 *  11 

'Total fish consists o f  flesh and bone. 

bParenthetical values are numbers of fish analyzed. 

'Sight feeders include white crappie, bluegill, white bas, largemouth boss, sauger, and drum; catfish also included. 

dlncludes four carpsuckers (composited) collected at CRM 19.6. 



TABLE 14 

CONCENTRATION OF R A D I O N U C L I D E S  ( IN  FLESH OF 

TENNESSEE R I V E R  FISH 

( p  c/kg Fresh Weight) 

F i s h  Sample 

S p e c i e s  Period 9 0 ~  r 137cs 106RU 6oco 

Carp 1960- 1962 (13)a 120 f 33 (14) 180 f 55 (14) 80 i 27 (14) 71 i 17 
% 

1963 (20) 5.1 f .75 (19) 61 f 17 

Ca rps ucker 1960- 1962 (10) 99 f 28 (10) 130 f 27 (10) 69 f 23 (10) 62 f 18 

(20) 8.9 f 2.9 (20) 73 f 12 Buffalo 1963 

S i g h t  Feedersb 1960-1962 (24) 250 (24) 170 (24) 48 (24) 66 

a 

b 

Parenthe t ica l  values a r e  numbers of f i s h  analyzed. 

S i g h t .  feeders i n c l u d e  white crappie,  b l u e g i l l ,  w h i t e  bass,  largemouth bass, sauger, and drum; 
c a t f i s h  a l s o  i n c l u d e d .  

' I  . 
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contained s u f f i c i e n t  r a d i o a c t i v i t y  t o  autoradiograph. Th is  i s  t y p i c a l  o f  

f i s h  t h a t  have spent cons iderable t ime i n W h i t e  Oak Creek ( o r  White Oak 

Lake).30 I n c l u s i o n  o f  these f i s h  i n  the  1960-1962 a n a l y s i s  can be seen 

t o  increase s i g n i f i c a n t l y  the average concent ra t ion  o f  rad ionucl ides.  

Although the  concentrat ions o f  90Sr and 137Cs i n  f i s h  f l e s h  dur ing  1963 

a r e  found t o  be less than t h a t  observed d u r i n g  the  per iod  1960 t o  1962, 

a "t" t e s t  showed t h a t  o n l y  90Sr i n  carp and carpsucker and 137C5 i n  carp 

are  s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  5% l e v e l .  These smal ler  concentrat ions 

o f  90Sr  and 137Cs i n  f i s h  f l e s h  a r e  a t t r i b u t e d  t o  t h e  reduc t ion  o f  rad io-  

n u c l i d e  re lease t o  the C l inch  River.  Not t o  be overlooked i s  the  f a c t  

t h a t  f a l l o u t  from nuclear t e s t s  c o n t r i b u t e s  about 45% of 90Sr and 2% 

o f  137Cs t o  t h e  t o t a l  load i n  the  C l i n c h  R iver  d u r i n g  1962 and 1963. 

. I  

- 

Estimated In take  o f  Radionucl ides from F i s h  

An est imate i s  made o f  man's in take  o f  rad ionuc l ides  ( i n c l u d i n g  

r a d i o a c t i v e  f a l l o u t )  by assuming an annual r a t e  o f  f i s h  consumption o f  

37 lb.31 Th is  r a t e  o f  f i s h  consumption app l ies  t o  commercial f ishermen 

and, as a r e s u l t ,  t h e  est imate o f  i n t a k e  i s  f o r  an admi t ted ly  h i g h  

exposure group. Data on t h e  q u a n t i t y  o f  s p e c i f i c  types o f  f i s h  consumed 

a r e  no t  ava i lab le .  

and Game Commission (completed August 1964) r e p o r t s  t h a t  f i s h  a r e  consumed 

w i t h  one meal each week. None o f  those in terv iewed prepare t h e  t o t a l  f i s h  

( f l e s h  p lus  bone) f o r  eat ing.  

A recent  survey of  80 fishermen by the  Tennessee F i s h  

Ca lcu la t ions  made a r e  based on an annual consumption of 37 l b  o f  bot tom 

feeders, cons ider ing both the t o t a l  f i s h  and t h e  f lesh ,  and consumption o f  

37 l b  o f  s i g h t  feeders, cons ider ing o n l y  the f lesh.  The f r a c t i o n  o f  the 

var ious species o f  bottom feeders caught i s  assumed t o  be d i s t r i b u t e d  

according t o  commercial harvests from W a t t s  B a r  Reservoir.  Estimates o f  

t h e  annual i n t a k e  of  s p e c i f i c  rad ionuc l ides  by consuming C l i n c h  R iver  o r  

Tennessee R iver  f i s h  a r e  g iven i n  Table 16 and 17, respec t ive ly .  A very  

no t iceab le  increase i n  90Sr  i n t a k e  i s  observed when consumption o f  bottom 

feeders ( t o t a l  f i s h )  i s  considered. Th is  s i g n i f i c a n t l y  l a r g e r  i n t a k e  i s  

due t o  the  concent ra t ion  o f  90Sr by the  bones of  the f i s h ,  a l l  o f  which 

a r e  assumed t o  be eaten. The assumption t h a t  37 l b  o f  t o t a l  f i s h  a r e  

consumed each year i s  c e r t a i n l y  conservat ive.  However, w i t h o u t  b e t t e r  

I 

( I ,  

. 
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data on f i s h  consumption, i t  i s  impossible t o  a r r i v e  a t  a more reasonable 

va lue of  intake. 

Radionucl ide in take  by t h e  general  popu la t ion  i s  l i k e l y  t o  be 

in f luenced from d i l u t i o n  by o t h e r  f i s h  harvested i n  East Tennessee, as 

w e l l  as by d i f fe rences  i n  rad ionuc l ide  content among species o f  bottom 

feeders. Apply ing a f i s h  d i l u t i o n  Factor (bottom feeders) f o r  East 

Tennessee f i s h  (Table 15), g ives the  rev ised annual intakes shown i n  

Tables 16 and 17. A s i g n i f i c a n t  decrease i n  rad ioncu l ide  i n t a k e  i s  

observed, the  reduc t ion  f a c t o r s  ranging from about 2 t o  4. F i s h  c o l l e c t e d  

from the  C l i n c h  R iver  o r  t h e  Tennessee R iver  and shipped o u t s i d e  the East 

Tennessee area a r e  l i k e l y  t o  be d i l u t e d  even more w i t h  f i s h  from o t h e r  p a r t s  

o f  t h e  country. 

R e l a t i o n  t o  Permiss ib le  In take  f o r  Man.- A maximum permiss ib le  i n t a k e  

(MPI) i s  est imated by assuming a d a i l y  in take  o f  2.2 l i t e r s  o f  water 

conta in ing  the  maximum permiss ib le  concentrat ion (MPC) o f  the  rad ionuc l ide  

o f  i n t e r e s t .  Using t h e  estimated intakes (Tables 16 and 17), i t  i s  p o s s i b l e  

t o  c a l c u l a t e  the  f r a c t i o n  of  MPI  a t t a i n e d  as a r e s u l t  o f  e a t i n g  contaminated 

f i s h  (Tables 18 and 19). The est imates i n d i c a t e  t h a t  bone o f  the h i g h e s t  

exposure group rece ive  the  l a r g e s t  dose; on the  average, 7.0 t o  8.% o f  

t h e  MPI  i s  a t t a i n e d  as a r e s u l t  o f  consuming bottom feeders ( t o t a l  f i s h )  

from t h e  C l i n c h  River. Strontium-90 is  responsib le  e s s e n t i a l l y  f o r  the  

t o t a l  bone dose. I f  o n l y  the  f l e s h  o f  bottom feeders i s  consumed, the 

percentage o f  MPI  a t t a i n e d  i s  reduced t o  1.50. As shown, f u r t h e r  reduc t ion  

i n  dose i s  l i k e l y  due t o  d i l u t i o n  w i t h  o ther  East Tennessee f i s h ,  The 

est imated percentage o f  M P I  a t t a i n e d  d u r i n g  1963 i s  less than 1% f o r  t h e  

c r i t i c a l  organs, bone, t o t a l  body, GI t r a c t ,  and thyro id .  

More in fo rmat ion  would be requi red t o  est imate the in take  o f  rad io-  

nuc l ides due t o  pas t  events, Such in fo rmat ion  would include: (1) r a t e  

of t r a n s f e r  of  rad ionuc l ides  from water t o  f i s h  ( f l e s h  and bone) as a 

f u n c t i o n  o f  r a d i o n c u l i d e  and s t a b l e  element concentrat ion,  f i s h  age, 

and season o f  the year: (2) r a t e  o f  t r a n s f e r  o f  rad ionuc l ide  from bone 

t o  f l e s h  w h i l e  cooking and method o f  f i s h  preparat ion;  and (3) type and 

q u a n t i t y  o f  f i s h  consumed and f i s h  e a t i n g  h a b i t s  o f  i n d i v i d u a l s  as a 

I -  . 

i 

I 

I i  



TABLE 16 

ESTIMATED ANNUAL INTAKE OF R A D I O N U C L I D E S  BY ASSUMED CONSUMPTION OF C L I N C H  R I V E R  FISHa 

( nc/yea r) 

F i s h  Sample 9 0 ~  r 137cs lo6Ru 6oco 

Spec i es Period F l e s h  Totalb F l e s h  Totalb F l e s h  Totalb F l e s h  Tota lb 

Bottom 
Feed e r s 

Bottom 
Feeder sc 

Bot tom 
Feeders 

Bottom 
Feeders 

S i g h t  
Feed e r s e 

d 

d 

1960- 1962 

1963 

1960- 1962 

1963 

1960- 1962 

4.91.3 2353.7 9.0f1.4 10311.3 2.0f0.44 2.7f0.54 1.3h0.28 0.5810.94 
(28) 

0.78f0.19 8.811.2 

l.p+0.60 7.6f0.83 3.710.64 4.Q0.19 0.81&0.21 1.1f0.25 0.58+0.44 0.24rt0.061 

0.323IO.C91 3. WO. 56 

(8.9) 

3.0h1.4 1112.6 2.040.54 0.38f0.19 

aCalculated from t h e  concentration of t h e  radionuclide found i n  e i t he r  bottom feeder f lesh,  bottom 
feeder t o t a l  f i sh ,  o r  s i g h t  feeder f lesh,  and an assumed consumption of 37 I b s  per year of each 
category. T h u s ,  these calculated intakes a re  not additive. 

bTotal f i sh  consists of f lesh and bone. 

'Bottom feeders i n c l u d e  carp, carpsucker, and buffalo, 

e 

fParenthetical values include four carpsuckers (composited) collected a t  CRM 19.6. 

intake adjusted by f i sh  di lut ion factor. 

S i g h t  feeders i n c l u d e  white crappie, b l u e  g i l l ,  w h i t e  bass, largemouth bass, sauger, and drum; ca t f i sh  
a l so  i n c l u d e d .  

t 

cn 
0 
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TABLE 17 

ESTIMATED ANNUAL INTAKE OF RADIONUCLIDES BY ASSUMED CONSUMPTlON OF FLESH OF 

TENNESSEE RIVER  FISH^ 
( nc/yea r )  

F i s h  
Species 

Samp l e  
Per iod 9's r 137cs 106RU 60 

co 

1960- 1962 1.9 F 0.38 2.7 f 0.59 1.3 f 0.31 1.1 f 0.21 
b 

Bot  tom 
Feeders 

Bottom 1963 
. Feeders' 

0.14 F 0.042 1.2 f 0.18 

1960- 1962 0.39 f 0.075 0.53 F 0.11 d Bo t  tom 
Feeders 0.23 F 0.043 Cn 

c. 
0.26 f 0.062 

d 
Bottom 
Feeders 

1963 0.066 F 0.021 0.55 F 0.085 

S i g h t  1960- 1962 4.3 2.8 0.81 1.1 
Feederse 

aca lcu la ted  from the concent ra t ion  o f  the  rad ionuc l i de  found i n  e i t h e r  bottom feeder f l e s h  o r  s i g h t  
feeders f l e s h  and an assumed consumption o f  37 l b s  per  year o f  each category. Thus, these ca l cu la ted  
in takes a r e  no t  add i t i ve .  

bBottom Feeders inc lude carp and carpsucker. 

CBottom Feeders inc lude carp and b u f f a l o .  

d l n t a k e  ad jus ted  by F ish D i l u t i o n  Factor.  

eS igh t  feeders inc lude wh i te  crappie,  b l u e g i l l ,  w h i t e  bass, largemouth bass, sauger, and drum; 
c a t f i s h  a l s o  included. 



a 

TABLE 18 

ESTIMATED PERCENTAGE OF M P I  THAT MAN MAY ATTAIN BY 

CONSUMING CLINCH RIVER  FISH^ 

F i sh  Sample C r i t i c a l  Organ 

Spec i es Time Bone T o t a l  Body G I T r a c t  Thyro id  

Bottom 1960-1962 
Feeders 
( f l e s h )  

Bottom 1963 
Feeders 
( f l esh )  

Bottom 1960-1962 
b Feed e r s 

( t o t a l c )  

Bottom 1960-1962 
Feed e r s  
( f l e s h )  

Bottom 1963 
Feeders 
( f l e s h ) d  

Bottom 1960-1962 
Feeders 
( t o t a l )  

d 

S i g h t  1960- 1962 
Feederse 
( f l e s h )  

1.90.39 0.8R0.23 

0.27T0.059 0.1pF0.034 

7.OTl.l 4.1FO. 66 

(8.6) (5.0) 

0.6m0.19 0.3610.11 

0.11F0.028 0.081F0.016 

2.4F0.28 1.4F0.19 
(2.9) (1.7) 

0.94~0.43 0.61r0.25 

0.072F0.0081 0.38T0.072 

0.03OT0.0035 0.06@F0.010 

0.14T0.014 1.4TO. 19 

0.030.0039 0.16F0.034 

0.013FO. 0018 0.026;F0.0049 

0.053r0.0047 0.48T0.051 
(0.0058) (0.57) 

0.07 1FO. 0 12 0.3 IF0 .080 

a 
The r a t i o  o f  the  est imated annual i n take  o f  rad ionuc l ides  from con- 

suming the  p a r t i c u l a r  category o f  f i s h  t o  the  maximum perm iss ib le  i n t a k e  
(MPI) f o r  the  c r i t i c a l  organ of  i n te res t .  Thus these ca l cu la ted  percentages 
o f  M P I  a r e  n o t  a d d i t i v e .  

bBottom feeders inc lude carp, carpsucker, and b u f f a l o .  
CTo ta l  f i s h  c o n s i s t  o f  f l e s h  and bone. 
d l n t a k e  ad jus ted  by F i sh  D i l u t i o n  Factor.  
eSight  Feeders inc lude wh i te  crappie,  b l u e g i l l ,  w h i t e  bass, largemouth 

bass, sauger, and drum; c a t f i s h  a l s o  included. 
Pa ren the t  i ca 1 va lues i n c l  ude fou r  carps uckers (compos i ted) c o l  1 ected 

a t  CRM 19.6. 
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TABLE 19 

ESTIMATED PERCENTAGE OF M P I  THAT MAN MAY ATTAIN BY CONSUMING FLESH 
OF TENNESSEE R I V E R  FISHa 

F i s h  
Spec i es 

Samp l e  
Per iod 

C r i t i c a l  Organ 
Bone T o t a l  Body G I  T r a c t  Thyro id 

1960-1962 1.8 i 0.36 3.7 i 0.68 0.11 T 0.014 0.55 i 0.084 
b 

Bottom 
Feeders 

Bottom 1963 0.14 i 0.039 0.33 i 0.075 0.012 i 0.0020 0.029 i 0.0066 
Feed e r s 

1960-1962 0.37 i 0.071 0.69 i 0.14 0.021 F 0.0026 0.11 T: 0.017 
Ul 
W 

Bottom 
Feeders d 

1963 0.066 i 0.019 0.15 i 0.037 0.0057 i 0.00082 0.013 i 0.0035 
d Bottom 

Feeders 

S i g h t  1960- I 962 4.0 
Feed e r s e 

7.6 0.11 0.83 

a 
The r a t i o  o f  the  est imated annual i n take  o f  rad ionuc l ides  from consuming the  p a r t i c u l a r  category o f  
f i s h  t o  the  maximum permiss ib le  i n take  (MPI) f o r  the  c r i t i c a l  organ o f  i n t e r e s t .  Thus, these ca l -  
cu la ted  percentages o f  M P I  a re  no t  a d d i t i v e .  

bBottom feeders inc lude carp and carpsucker. 
‘Bottom feeders i nc lud ing  carp and b u f f a l o .  

d l n t a k e  ad jus ted  by F i sh  D i l u t i o n  Fac to r  
eS igh t  feeders inc lude w h i t e  crappie,  b l u e g i l l ,  w h i t e  bass, largemouth bass, sauger, and drum; 

c a t f i s h  a l s o  included. 



f u n c t i o n  o f  age. Current research suggests t h a t  t h e  concent ra t ion  o f  

90Sr  i n  the  f l e s h  o f  w h i t e  crappie r a p i d l y  reaches e q u i l i b r i u m  w i t h  the 

water.32 Such in fo rmat ion  helps t o  answer, i n  p a r t ,  t h e  quest ions ra ised 

by (1) above and an extens ion o f  such s tud ies  w i l l  enhance t h e  est imates 

o f  dose t o  man by t h i s  path o f  intake. 

An i n t e r e s t i n g  c a l c u l a t i o n  was made based on the 9cSr  content  o f  the 

f o u r  carpsuckers p r e v i o u s l y  mentioned. The combined weight o f  f l e s h  and 

o f  whole f i s h  ( f l e s h  and bone) f o r  the  f o u r  carpsuckers was 0.511<g 

and 0.85 kg, respec t ive ly ;  t h e  90Sr  concent ra t ion  i n  f l e s h  was 500pc/kg 

and i n  whole f i s h  was 43000 pc/kg. An i n d i v i d u a l  e a t i n g  the  f o u r  f i s h  

could have a t t a i n e d  0.1% o f  MPI (bone) from the  f l e s h  and 11% o f  MPI 
from the whole f i s h .  Although such an event i s  u n l i k e l y ,  i t  ind ica tes  

the p o s s i b i l i t y  t h a t  consumption o f  r e l a t i v e l y  few f i s h  ( f l e s h  and bone) 

could lead t o  a s i g n i f i c a n t  exposure. 

Computer Ca lcu la t ions  o f  I n t e r n a l  Dose 

Th 

due t o  

o f  the 

Fol low 

1 i s  ted 

dose received by the  skeleton, t o t a l  body,, and t h y r o i d  o f  man, 

consumption of  contaminated water and f i s h ,  i s  c a l c u l a t e d  by use 

models descr ibed i n  the  sect ion,  "Est imat ion o f  Rad ia t ion  Dose 

ng Inges t ion  of  Contaminated Water". I n  a d d i t i o n  t o  t h e  assumptions 

f o r  contaminated d r i n k i n g  water, i t  i s  a l s o  assumed t h a t  37 l b  

per year o f  the  f l e s h  o f  bottom feeders i s  consumed by a standard man 

d u r i n g  t h e  p e r i o d  1960 t o  1963. Without in fo rmat ion  on a c t u a l  f i s h  

consumption as a f u n c t i o n  o f  age, i t  i s  f u r t h e r  assumed t h a t  the  i n t a k e  o f  

f i s h  i s  d i s t r i b u t e d  as the  in take  o f  water. Another way t o  s t a t e  t h i s  

assumption i s  t h a t  t h e  r a t i o  o f  f i s h  eaten by an i n d i v i d u a l  t o  t h a t  o f  

standard man is equal t o  the  r a t i o  o f  water consumed by t h e  i n d i v i d u a l  

t o  t h a t  o f  standard man. 

F i g u r e  9 shows t h e  computed annual dose t o  t h e  ske le ton  due t o  

consumption of contaminated water and f i s h .  

i t  i s  seen t h a t  the  n e t  increase i n  dose r a t e  t o  t h e  ske le ton  i s  small .  

Th is  i s  due t o  t h e  f a c t  t h a t  data f o r  o n l y  f o u r  years o f  f i s h  c o l l e c t i o n  

(1960-1963) i s  a v a i l a b l e  f o r  the  c a l c u l a t i o n s ,  t o  t h e  long e f f e c t i v e  h a l f  

l i f e  o f  the  c r i t i c a l  rad ionucl ide,  90Sr  and t o  t h e  reduc t ion  i n  90Sr  

released t o  the  r i v e r .  The net  increase i n  t o t a l  dose received through 

By comparison w i t h  F i g u r e  6 

. 

. 
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1963 by the organs o f  i n t e r e s t  i s  g iven i n  Table 20. The cumulat ive dose 

over t h e  4-year exposure p e r i o d  i s  n o t  excessive, w i t h  the ske le ton  receiv-  8 -  

could r e s u l t  i n  an increase o f  the  cumulat ive dose by a f a c t o r  o f  5 t o  10, - _  
ing t h e  l a r g e s t  increase o f  about 30 mrad. Consumption o f  t o t a l  f i s h  

b u t  a v a i l a b l e  in fo rmat ion  does no t  j u s t i f y  such an assumption. 

Exposures from Externa l  Sources 

Radionucl ides i n  Water Treatment P lants  

The presence o f  rad ionucl ides i n  raw water e n t e r i n g  a water t reatment 

p l a n t  may lead t o  t h e i r  concent ra t ion  i n  the  p l a n t  and c rea te  an e x t e r n a l  

o r  i n t e r n a l  dose problem. Three water systems using C l i n c h  R iver  water 

as a sour(3e o f  supply were invest igated.  The Oak Ridge Water P l a n t  has 

i t s  raw water i n t a k e  a t  CRM 41.5, w e l l  above the  o u t f a l l  o f  White Oak 

Creek. The o ther  two water t reatment p l a n t s  - serv ing  the  Oak Ridge 

Gaseous D i f f u s i o n  P l a n t  (ORGDP) and t h e  Kingston Steam P l a n t  - have water 

intakes a t  CRM 14.5 and on the  Emory R iver  near CRM 4.4, respec t ive ly .  

These water t reatment p l a n t s  a r e  b a s i c a l l y  s i m i l a r  i n  design. The t r e a t -  

ment processes include: p r e c h l o r i n a t i o n  f o r  a lgae c o n t r o l ;  coagu la t ion  

using alum, soda ash (as  d i c t a t e d  by raw water a l k a l i n i t y ) ,  and occasion- 

a l l y  coagulant a ids  f o r  t u r b i d i t y  removal; s e t t l i n g ;  f i l t r a t i o n  ( e i t h e r  

sand o r  a n t h r a c i t e  media); and p o s t c h l o r i n a t i o n  f o r  d i s i n f e c t i o n .  A c t i v a t e d  

carbon i s  used when t a s t e  and odor problems occuru Water used i n  b o i l e r s  

i s  t rea ted  f u r t h e r  by z e o l i t e  sof teners.  

The i n v e s t i g a t i o n  consis ted o f :  e x t e r n a l  r a d i a t i o n  surveys, using a 

s c i n t i l l a t i o n - t y p e  survey meter ( c a l i b r a t e d  w i t h  radium); c o l l e c t i o n  and 

ana lys is  o f  samples o f  sludge from s e t t l i n g  basins, condensers, h o t  water 

heaters, b o i l e r s ,  a i r  condi t ioners,  and an e levated tank; c o l l e c t i o n  and 

ana lys is  o f  samples o f  sediment from f i l t e r s  and cores o f  f i l t e r  media; 

and c o l l e c t i o n  and ana lys is  o f  samples o f  z e o l i t e  so f tener  regenerant, as  

w e l l  as t h e  so f tener  media. 

A t  the  t ime o f  the surveys, var ious amounts o f  water had been t r e a t e d  

s ince  the  l a s t  t ime s e t t l i n g  basins had been cleaned o r  f i l t e r s  backwashed 

(Table 21). Thus, t h e r e  was v a r i a t i o n  i n  t h e  amount o f  accumulated sludge 

i n  the  s e t t l i n g  basins and sediment on the  f i l t e r s .  Resul ts o f  the  e x t e r n a l  

r a d i a t i o n  survey a r e  summarized i n  Table 22. Genera l ly  t h e r e  was l i t t l e  
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TABLE 21 

OPERATIONAL DATA OF WATER TREATMENT PLANTS 

Sys tern 
Vo 1 ume Th rougha 
F l o c c u l a t o r  and 

S e t t l i n g  Basin 
(ga l )  

Vol  ume 
Th r o  ug ha 
F i l t e r  

(ga l )  

Sludge i n  
S e t t l i n g  P l a n t  

Bas i n  Capac i t y  
(cu  f t )  (ga l /day) 

6 
1.8 x 10 9 Oak Ridge 1.1 x 10 

Water P l a n t  

4 2 x 10 
UI 6 03 22 x 10 

6 
4 x 10 

3 6 x 10 6 
4.5 x 10 

8 
ORGDP 5.4 x 10 

6 
K i ngs ton 1.9 x 10 
Steam P l a n t  

5 
3.7 x 10 

5.7 x 10 5 

aVolume through f l o c c u l a t o r ,  s e t t l i n g  basin,  and f i l t e r  s ince  l a s t  cleaned. 

I 
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d i f f e r e n c e  i n  the  dose ra tes  a t  d i f f e r e n t  u n i t s  o f  t h e  p lan ts .  Dose 

rates above background l e v e l s  ( t h e  Oak Ridge Water Treatment P lan t  was 

considered as background) w e r g w i t h  one exception, no t  found. A t  a 

d is tance o f  2 in. above a p a r t i a l l y  dra ined f i l t e r  a t  the Kingston Steam 

Plant,  a dose r a t e  of 0.021 mr/hr was measured. 

the  same a f t e r  the  f i l t e r  was backwashed. I t  is l i k e l y  t h a t  the  

a n t h r a c i t e  media o f  t h e  f i l t e r  t o  some e x t e n t  concentrates rad ionuc l ides  

by sorpt ion.  The dose r a t e  above these f i l t e r s  (0.015 mr/hr) was a l s o  

in f luenced by the  n a t u r a l  r a d i o a c t i v i t y  present i n  b l o c k  used f o r  

c o n s t r u c t i o n  o f  the  b u i l d i n g .  Ex terna l  exposure t o  r a d i o a c t i v e  m a t e r i a l s  

concentrated i n  these water t reatment p l a n t s  was n o t  s i g n i f i c a n t l y  

d i f f e r e n t  from exposure t o  background r a d i a t i o n .  

The dose r a t e  remained 

* .  

Immersion i n  Contaminated Water 

Due t o  t h e  presence o f  rad ionucl ides,  the  r i v e r  w i l l  a c t  as a source 

o f  r a d i a t i o n  t o  persons engaged i n  swimming, boat ing,  f i s h i n g ,  and water 

sk i ing .  Since d i r e c t  measurements o f  immersion dose r a t e  were unavai lab le,  

i t  was necessary t o  est imate the dose r a t e  by consider ing the  r a d i o n u c l i d e  1 

composit ion o f  the  water. 

The immersion dose c a l c u l a t i o n  assumes the  body i s  i n  the center  o f  a 

sphere and receives equal q u a n t i t i e s  of r a d i a t i o n  from a l l  d i r e c t i o n s .  

The e x t e r n a l  exposure from beta r a d i a t i o n  may be w r i t t e n  i n  u n i t s  o f  rad 

per day: 
33 

4 4 Beta Dose - 3.7 x 10 d is /sec x 8.64 x 10 sec x Q E  x axbxE x l o6  E x P 
g m Mev t - - 

Rate v c  day 

6.25 x 1013 ev x P x N ( 15) m - 
g- rad 
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where 

Q = pc/g o f  water 

a = f a c t o r  introduced i n  case the  rad ius  o f  beta e m i t t i n g  

b = Eavg, 

medium i s  l ess  than the  maximum range o f  t he  beta ray, 

Em 

P t  = r e l a t i v e  mass s topp ing  powerof t i ssue,  

P = r e l a t i v e  mass stopping power o f  water, 
\ 

m 

, 

, 
, -  

N = ev/ ion p a i r  
32.5 9 

= maximum energy o f  type  considered, and 
Em 

E = average energy of  type  considered. 
avg 

Assuming t h a t  a = 1, N = 1, Pt = P m y  and E = Ei  ( e f f e c t i v e  
av9 

absorbed energy per  d i s i n t e g r a t i o n )  , the  expression i s  s i m p l i f i e d  to :  

Beta Dose Rate = 51.2 QE. (16) 
1 

An e m p i r i c a l  formula was used t o  est imate the  average e f f e c t i v e  
1 

absorbed energy o f  a be ta  d i s i n t e g r a t i o n .  

where 

f = f r a c t i o n  o f  d i s i n t e g r a t i o n  a t  a p a r t i c u l a r  energy, 

. z = atomic number 

The pene t ra t i on  d i s tance  i n  water o f  the  most ene rge t i c  beta p a r t i c l e s  

from the  rad ionuc l ides  invo lved i s  about one centidmeter. Therefore, t he  

be ta  r a d i a t i o n  a t  the  su r face  o f  a body immersed i n  t h e  contaminated 

water i s  e f f e c t i v e l y  one-hal f  of  t h a t  ca l cu la ted  by equation16. 
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S i m i l a r l y ,  t h e  e x t e r n a l  exposure from gamma r a d i a t i o n  may be w r i t t e n  
33 i n  u n i t s  o f  rad per day: 

51.2 Q E P t  (p - G S ) ~  (1-e -P 4, r ) 
Gamma Dose Rate = 

where 

I J - =  

0 s  - 
% - 

- 
- 

r =  

E =  

o =  

x =  

t o t a l  absorp t ion  c o e f f i c i e n t ,  

Compton s c a t t e r i n g  c o e f f i c i e n t ,  

(p - os), p lus  t h e  f r a c t i o n  of us represent ing the  sca t te red  

and degraded r a d i a t i o n  t h a t  reaches the  p o i n t  o f  measurement, 

rad ius o f  contaminated medium, 

Em f (1-e -Ox) (from ICRP l959),  

t o t a l  absorpt ion c o e f f i c i e n t  less Compton s c a t t e r i n g  c o e f f i c i e n t  

i n  body organ f o r  the  g iven photon energy, 

e f f e c t i v e  rad ius o f  body organ. 

Assuming t h a t  P = Pm,pt = (p - r = cos o x  is large, and t h a t  
t 

the  submerged body i s  r e c e i v i n g  r a d i a t i o n  from 4 TT steradians,  t h e  

expression becomes: 

Gamma Dose Rate = 51.2 QEmf (19) 

I n  each instance where some l a t i t u d e  i s  al lowed i n  t h e  assumptions, a 

conservat ive approach was taken. Therefore t h e  computed dose ra tes  

a r e  judged t o  be conservat ive.  

Where t h e  water contains a m i x t u r e  o f  rad ionucl ides,  i t  i s  necessary 

t o  c a l c u l a t e  t h e  dose r a t e  from each rad ionucl ide.  The t o t a l  dose r a t e  

i s  then the  sum o f  the i n d i v i d u a l  dose rates. Decay schemes presented by 

Blomeke and Todd were used i n  the  ca lcu la t ions .  To s i m p l i f y  c a l c u l a t i o n s ,  

the dose r a t e  of each rad ionuc l ide  was normalized f o r  a concent ra t ion  o f  

34 

one p c per m l  (Table 23). 

r a t e  (equat ion 16) and the t o t a l  gamma dose r a t e  (equat ion 19). 

Tabulated values a r e  one-hal f  the  beta dose 

The immersion dose ra tes  due t o  beta and gamma r a d i a t i o n  a t  t h e  two 

s t a t i o n s  a r e  l i s t e d  i n  Table 24 and shown g r a p h i c a l l y  i n  F ig .  10 f o r  CRM 

14.5. The t o t a l  dose r a t e  a t  CRM 14.5 and TRM 465.5 i s  shown i n  Fig.  11. 

. 
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TABLE 23 

IMMERSION DOSE RATE OF RADIONUCLIDES 

(rad/day per  yc/ml) 

Nucl i de  Beta Gamma 
Pa r e n t  

Tota 1 Plus Daughter 

60 

90 
co 

Sr 
Y 90 

137 cs  
137 Ba 
106 Ru 

Rhlo6 
95 

Nb95 

Ce 

P r  

Zr 

144 

144 

Y 91 
I 131 

2.90 

5.4 

22.1 

4.97 

0 

0.30 

33.6 

3.25 

0.13 

2.11 

29.6 

14.9 

4.93 

128 

0 

0.29 

0 

33.8 

0 

12.6 

36.0 

38.1 

2.06 

4.06 

0.19 

19.7 

13 1 

5 04 

22.4 

4.97 

33.8 

0.30 

46.2 

39.3 

38.2 

4.17 

33.7 

15.1 

24.6 

131 

27.8 

38.8 

46.5 

39.3 

38.2 

37.9 

15.1 

24.6 



TABLE 24 

IMMERSION DOSE RATES I N  CLINCH AND TENNESSEE R I V E R S  

-4 
( u n i t s  of 10 mrad/24-hr Exposure) 

C l i nch  River  M i  14.5 Tennessee R ive r  M i  465.5 

Year Beta Gamma T o t a l  Beta Gamma T o t a l  

1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 

1962 
1961 

1963 

19 
3.4 
2.7 
8 

13 
20 
18 
16 
10 
16 
71  

170 
160 
89 
33 

16 
5.2 
2.1 
5.0 
2.7 
7.2 
9.9 

9.9 
8.4 

18 

67 
95 
79 
38 
17 

35 
8.6 
4.8 

13 
16 
27 
28 
34 
20 
24 

140 
27 0 
240 
120 
50 

2.4 
0.5 
0.46 
1.3 
2.0 
2.3 
2.8 
2.6 
1.4 
3.1 
8.5 

25 
21 
12 
4.6 

2.0 
0.79 
0.35 
0.77 
0.41 
0.82 
1.6 
2.9 
1.4 
1.6 
8.0 

14 
10 
5.2 
2.3 

4.4 
1.3 
0.81 
2.4 2.1 

4.4 3.1 

5.5 
2.8 
4.7 

17 
39 
31 
17 6.9 

I I 

I 

i a 
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A maximum dose r a t e  o f  0.027 mrad per day o f  exposure a t  CRM 14.5 (1960) 

i s  estimated. The dose r a t e  i s  a func t ion  of  n u c l i d e  type and concentra- 

t ion .  U n t i l  1958, the  l a r g e s t  f r a c t i o n  of  beta dose was associated w i t h  

90Sr  and the l a r g e s t  gamma dose was genera l l y  due t o  137Cs. Since then, 

lo6Ru has accounted f o r  about 75% o f  the t o t a l  immersion dose. 

Contaminated Bottom Sediments 

Radionucl ides associated w i t h  s o l i d s  t h a t  have s e t t l e d  t o  the bottom 

o f  the  r i v e r  can be expected t o  c o n t r i b u t e  t o  the t o t a l  dose received by 

man. Although e a r l i e r  c a l c u l a t i o n s  assumed complete d i l u t i o n  o f  f i s s i o n  

products i n  the r i v e r ,  annual surveys made by the  ORNL Appl ied Hea l th  

Physics Sect ion show t h a t  some o f  the  rad ionucl ides a r e  re ta ined by the  

bottom sediments. 
35 

Radionucl ide Concentrat ions i n  Sediments.-- Measurements were made a t  

cross sect ions 2 m i l e s  a p a r t  i n  the  C l i n c h  R iver  and a t  5 0 - f t  i n t e r v a l s  

across t h e  r i v e r  a t  each cross sect ion.  I n  the  Tennessee R iver  and TVA 

Reservoirs, measurements were made a t  sect ions approximately 10 m i l e s  

apar t  and a t  10 p o i n t s  a t  each s t a t i o n .  

counts obtained w i t h  a multiple-GM-tube de tec tor  ("Flounder") , lowered t o  

the  sur face o f  the bottom sediments, and ana lys is  o f  the  mud samples taken 

a t  each measurement po in t .  

i n  bottom sediments were ca lcu la ted  by averaging a l l  values f o r  the  e n t i r e  

reach o f  the  lower C l inch  R iver  and of  the Tennessee River  (Table 25). 

Cesium-137, '@Ce, 

nuc l ides associated w i t h  these sediments. Reasons f o r  such s e l e c t i v i t y  

a r e  enumerated elsewhere.36 

but, as mentioned e a r l i e r ,  a r e  c a l c u l a t e d  as the d i f f e r e n c e  between con- 

c e n t r a t i o n s  o f  t r i v a l e n t  r a r e  ear ths and 90Sr. 

changes i n  concentrat ions of 137Cs and 

been discussed. 

Measurements consis ted o f  gamma 

Average concentrat ions o f  s p e c i f i c  rad ionucl ides 

60 Co, and lo6Ru, were found t o  be the p r i n c i p a l  radio- 

The values l i s t e d  as 91Y a r e  no t  measured 

The reasons f o r  l a r g e  
106 Ru i n  sediments have a l ready 

The "Flounder" i s  used p r i n c i p a l l y  t o  f u r n i s h  q u a l i t a t i v e  in fo rmat ion  

on the  bu i ld -up  o f  gamma e m i t t i n g  rad ionucl ides i n  bottom sediments. 

Construct ion o f  the  dev ice makes i t  i n s e n s i t i v e  t o  beta r a d i a t i o n .  Although 

t h e  "Flounder" i s  c a l i b r a t e d  r o u t i n e l y  w i t h  a sealed radium source, t h e  

complex spectrum of gamma rays from both  the  contaminated sediments 



T A B L E  25 

AVERAGE CONCENTRATION OF RADIONUCLIDES I N  BOTTOM SEDIMENTSa 

Nuclide 1954 1955 1956 1957 1958 1959 1960 1961 

137 

90 

144 

cs  

S r  

C e  

Y 91 
106 

60 
R u  

co 

137 

90 
144 

cs 

Sr 
C e  

Y 91 
106 

60 
R u  

co 

20 

3.6 

6.1 

0.8 

4.5 

19 

6.6 
2.4 

1.6 

0 

1.5 
5.8 

25 

3.8 

24 

5.9 

4.8 

21 

6.7 

0.3 

11 

5.9 

2.7 

8.0 

C L I N C H  R I V E R  

200 210 

6.0 4.1 

41 12 

7.8 1.5 

8.1 5.6 

42 15 

TENNESSEE R I V E R  
35 32 

2.5 0.76 

8.3 2.7 

1.2 0.84 

3.0 2.3 

7.0 3.6 

160 

5.9 
22 

6.8 

8.6 

12 

21 

1.4 

6.6 
4.3 

3.5 

3.3 

280 

5.4 

38 

83 

12 

33 

17 

0.8 

4.5 

4.3 

4.6 

3.7 

170 

2.4 

19 

79 
70 

19 

18 

0.5 

1.6 

5.6 

15 

3.2 

81 

0.85 

6.9 
20 

130 

11 

14 

0.41 

1.5 

2.8 

23 

2.4 

a -6 10 c/gram D R I E D  SEDIMENT. 

* , 
1 
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I and the radium source prevents a d i r e c t  de termina t ion  o f  exposure dose by 

use o f  t h i s  instrument. 

and 27) b u t  i t  i s  necessary t o  recognize t h e i r  l i m i t a t i o n s .  F igu re  12 

shows the average gamma count ing r a t e  i n  the  C l i nch  R iver  and Tennessee 

River, as determined by the "Flounder" and averaged f o r  the  e n t i r e  study 

reach o f  each, and the  cu r ies  per  year o f  137Cs and 6oCo released. 

general, measurements i n  the  C l i nch  R iver  r e f l e c t  the  q u a n t i t y  o f  137Cs 

and 6oCo released each year. 

(genera l l y  a t  CRM 8.3) were l a r g e r  than the average readings by a f a c t o r  

o f  1.9 & 0.09; s i m i l a r l y ?  t h i s  r a t i o  i n  the Tennessee R iver  was 1.8 f 0.2. 

I 

Estimates o f  exposure dose can be made (Tables 26 

I * -  

I n  
1 

9 
Maximum readings i n  the C l i nch  R iver  

t 

. 

Est imat ion  o f  Rad ia t ion  Dose from Sediments. - For the purpose o f  

es t ima t ing  the r a d i a t i o n  dose, i t  was assumed t h a t  t he  average rad io -  

nuc l i de  composi t ion o f  the sediments was un i fo rm ly  d i s t r i b u t e d  i n  an 

i n f i n i t e  source. Fur ther ,  i t  was assumed t h a t  the i n d i v i d u a l  would be 

exposed t o  one-hal f  the  submersion dose o f  be ta  p a r t i c l e s  and gamma 

photons (i.e., from one-half a sphere) . Such an assumption i s  reasonable? 

s ince  the  exposed i n d i v i d u a l  i s  l i k e l y  t o  be s tanding on o r  f l o a t i n g  above 

the  contaminated sediments. Normally, o n l y  the f e e t  would be subjected 

t o  the  t o t a l  beta dose r a t e  and some f r a c t i o n  grea ter  than one-hal f  o f  the 

gamma dose rate.  

Estimated dose ra tes  from bottom sediments i n  the  C l i nch  R iver  and 

Tennessee R iver  a r e  l i s t e d  i n  Tables 26 and 27. The beta dose r a t e  was 

taken as one-hal f  the va lue determined by use o f  equation 16and the  

gamma dose r a t e  by use o f  one-hal f  the ca l cu la ted  va lue  o f  equat ion  19. 

Since the  source i s  no t  i n f i n i t e  i n  extent ,  t he  ca l cu la ted  values of 

gamma dose r a t e  a r e  overestimates. Accord ing ly ,  the  h ighes t  dose r a t e  

o f  12 mrad per  day occurred i n  1959, and was d i v i d e d  as 4q0 beta and 

6Wo gamma rad ia t i on .  The percentage c o n t r i b u t i o n s  of  s p e c i f i c  rad io -  

nuc l ides t o  the beta and gamma dose ra tes  a r e  l i s t e d  i n  Table 28. The 

t o t a l  r a r e  ear ths,  137Cs, and 

beta dose rates,  and Co and 

106 

60 137 
Ru a r e  the  p r i n c i p a l  c o n t r i b u t o r s  t o  

Cs account f o r  the l a r g e s t  f r a c t i o n  o f  

gamma dose rate.  

. 



TABLE 26 

ESTIMATED RADIATION DOSE RATES FROM CONTAMINATED SEDIMENTS I N  

CLINCH R I V E R  

Measureda Ca lcu la ted  

( l o m 2  mr/24-hr) ( l o m 2  mrad/24-hr exposure) 

AttenuatedD 
Year Average Max i m um Beta 1/2 Gamma' Tota 1 1/2 Gammac 

1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 

39 
88 
53 
57 
60 

130 
96 

100 
160 
150 
95 

110 
110 
260 
180 
200 
28 0 
28 0 
170 

60 
130 
300 
180 
210 
450 
510 
530 

90d 
3 20: 
160 
160 
180 
630 
460 
360 
710 
460 
290 

2 20 
310 
930 
640 
570 

1160 
970 
8 20 

9.5 
11 
35 
24 
19 
39 
25 
15 

u n i t s  o f  10-L mr/24-hr exposure as measured by the  "Flounder." 

bA t tenua t ion  through 3 f t  o f  water. 

Cone-half o f  t o t a l  gamma dose from i n f i n i t e  source. 

Es t i ma t ed f rom co r r e  1 a t i on r e  l a  t i ons h i p . 

. 8 

I t 
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TABLE 27 

ESTIMATED RADIATION DOSE RATES FROM CONTAMINATED SEDIMENTS I N  

TENNESSEE R I V E R  

' 

Measureda 
(10-2 mr/24-hr) 

Calcu lated 
( lom2 mrad/24-hr exposure) 

b Attenuated 
Year Average Maxi mum Beta 1/2 Gamma' T o t a l  1/2 Gamma' 

195 1 
1952 
1953 
1954 
1955 
1956 
1957 
195% 
1959 
1960 
1961 

13 
22 
23 
19 
26 
36 
33 
35 
30 
33 
26 

30 
43 
69 
58 
63 
63 
49 
48 

22 
60 
65 
37 
55 
48 
75 
95 

50 
68 

110 
80 
62 
56 
61 
54 

72 
128 
175 
117 
117 
104 
136 
149 

3.0 
4.2 
6.1 
4.2 
3.5 
3.1 
3.3 
2.8 

F 
al n uni  t s  o f  l om2 mr/24-hr exposure as measured by the "Flounder." 

bA t tenua t ion  through 3 f t  o f  water. 

'One-half o f  t o t a l  gamma dose from i n f i n i t e  source. 
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T A B L E  28 

PERCENTAGE CONTRIBUTION TO BOTTOM SEDIMENT DOSE RATE BY RADIONUCLIDES 

Type of C L I N C H  R I V E R  TENNESSEE R I V E R  

1 954- 1 95 9 1 9 6 0 - 1 9 6 1 1  1954- 1959 1960- 1 ~ 

R a d  i a t ion Nuclide 

B e t a  T R E ~  

106 

137 

R u  

cs 

co 

c s  

R u  

60 

137 

106 

Gamma 

50 23 

14 64 

31 13 

44 25 

53 55 

1 14 

52 

22 

21 

50 

45 

3 

15 

75 

10 

31 

47 

22 

4 
W 

a~~~~~ RARE EARTHS 
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An est imate can be made o f  the bottom sediment gamma dose r a t e  i n  the  

C l inch  R iver  f o r  per iods when o n l y  "Flounder" measurements were made. 

This  made p o s s i b l e  by the  apparent r e l a t i o n s h i p  between "Flounder" measure- 

ments and c a l c u l a t e d  gamma dose rates,  and i s  expressed as a c o e f f i c i e n t  

o f  c o r r e l a t i o n  o f  0.90. With "Flounder" measurements X as abcissa and 

gamma dose ra tes  Y as ordinates,  the r e l a t i o n s h i p  i s  g iven by the equat ion 

Y = -0.84 + 4.64 X. 

regress ion curve a r e  +2.31. The c o r r e l a t i o n  c o e f f i c i e n t  f o r  s i m i l a r  data 

from the  Tennessee R iver  i s  0.58, and t h e  s lope o f  t h e  regress ion curve 

and i t s  95% conf idence l i m i t s  i s  0.19 f 3.45. Thus, est imates o f  bottom 

sediment gamma dose ra tes  by use o f  t h e  "Flounder" on t h e  Tennessee R iver  

a r e  n o t  j u s t i f i e d  w i t h  the  data ava i lab le .  

The 95% conf idence l i m i t s  o f  the s lope o f  the 

Since bottom sediments a r e  g e n e r a l l y  covered by water, t h e  gamma dose 

r a t e  t o  t h e  gonads o f  an i n d i v i d u a l  s tanding on t h e  r i v e r  bottom would be 

reduced by at tenuat ion.  An average a t t e n u a t i o n  c o e f f i c i e n t  f o r  water was 

ca lcu la ted  by we igh t ing  both t h e  f r a c t i o n  o f  a d i s i n t e g r a t i o n  t h a t  leads 

t o  a photon o f  a g iven  energy from a p a r t i c u l a r  rad ionuc l ide  and the 

f r a c t i o n  each rad ionuc l ide  c o n t r i b u t e s  t o  the t o t a l  loading o f  t h e  bottom 

sediments. The f r a c t i o n  o f  dose remaining i s  graphed as a f u n c t i o n  o f  the 

depth o f  water (Fig. 13). The est imated gamma dose ra tes  a f t e r  

a t t e n u a t i o n  through 3 f e e t  o f  water a r e  l i s t e d  i n  Tables 26 and 27. 

Cumulative Aqqreqate Dose t o  Exposed Populat ions 
The aggregate exposure dose o f  i n d i v i d u a l s  o r  c r i t i c a l  popu la t ion  

groups t h a t  r e s u l t i n g  from d isposal  of  r a d i o a c t i v e  waste t o  the  C l inch  

R iver  can no t  be est imated p r e c i s e l y .  The p r i n c i p a l  reasons f o r  t h i s  i s  

the  l a c k  of  in fo rmat ion  on h a b i t s  and c h a r a c t e r i s t i c s  o f  the  p o t e n t i a l l y  

exposed groups. Data on l o c a t i o n  and age d i s t r i b u t i o n  o f  p o t e n t i a l l y  

exposed populat ions,  amounts of  important f o o d s t u f f s  consumed, methods o f  

.. 

* 

food preparat ion,  and p r i n c i p a l  r e c r e a t i o n a l  h a b i t s  a r e  needed t o  d e f i n e  

the t o t a l  exposure dose. 

o f  c h i l d r e n  o r  a d u l t s  as they r e l a t e  t o  t h e  impor tant  rad ionucl ides,  

d i f fe rences  i n  rad ionuc l ide  removal from r i v e r  water by suspended s o l i d s  

and by water t reatment processesI and d i f f e r e n c e s  i n  t h e  t r a n s f e r  o f  

Age d i f f e r e n c e s  i n  metabol ic  ra tes  o r  processes 
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rad ionucl ides from contaminated water t o  f i s h  must a l s o  be considered. 

Although a s i n g l e  c r i t i c a l  popu la t ion  group may be de f ined f o r  a 

p a r t i c u l a r  exposure pathway there  i s  no reason t o  p o s t u l a t e  the same 

c r i t i c a l  popu la t ion  group f o r  a l l  exposure pathways. 

By s e l e c t i n g  reasonable values f o r  per iods o f  occupancy and d i e t a r y  

habi ts ,  an est imate can be made o f  the aggregate exposure dose ( f rom 194-4 

t o  1963) t o  the  ske le ton  and t o t a l  body o f  males working and r e s i d i n g  i n  

the Clinch-Tennessee R iver  environment (Table 2 9 ) .  The f r a c t i o n s  o f  a l low-  

a b l e  dose received by the t h y r o i d  and G I  t r a c t  i s  smal ler  than t h a t  

received by the  t o t a l  body and i s  no t  included. Since the  C l inch  River  

does not  serve as a source of munic ipa l  water, c h i l d r e n  do not  consume 

t h i s  water d i r e c t l y .  Therefore, i t  i s  assumed t h a t  t h e  youngest age group 

a t  the  beginning o f  exposure i s  the  18-year o l d  employed a t  the  ORGDP. 

Only one-hal f  o f  the  d a i l y  f l u i d  in take  takes p lace  on the  job,  and r e s u l t s  

i n  an est imated exposure dose o f  1.4 rem and 0.11 rem t o  the  ske le ton  and 

t o t a l  body, respec t ive ly .  The Tennessee R iver  i s  used as a mun ic ipa l  

water supply and, consequently, the  14-year o l d  i s  the  l i k e l y  c r i t i c a l  

popu la t ion  group; t h e  est imated dose from d r i n k i n g  t h i s  water i s  shown 

i n  Table 10. Dose from r e c r e a t i o n a l  use o f  the  environment ( l i s t e d  i n  

Table 29) i s  based on the f o l l o w i n g  assumptions: an exposure t ime o f  100 

hours per year; an a t t e n u a t i o n  of  bottom sediment r a d i a t i o n  by t h r e e  f e e t  

o f  water; the  use o f  average concentrat ions o f  rad ioncu l ides  found i n  

water and sediments t o  est imate dose f o r  per iods when data a r e  lack ing;  

and the  adsorp t ion  o f  beta p a r t i c l e s  by t h e  f l e s h  o f  man thus l i m i t i n g  

the  exposure of the  skeleton t o  gamma r a d i a t i o n .  Only the  f e e t  o f  t h e  

swimmer could be t o t a l l y  exposed t o  t h e  r a d i a t i o n  from contaminated bottom 

sediments, b u t  t h i s  would n o t  exceed about 30 times the  dose from 

r e c r e a t i o n a l  exposure given i n  Table 29. Occupat ional  exposure from work 

w i t h i n  a water t reatment p l a n t  i s  n o t  s i g n i f i c a n t l y  d i f f e r e n t  from back- 

ground r a d i a t i o n  (see Table 22) and,therefore, i s  no t  considered i n  t o t a l  

exposure dose est imat ion.  

The est imated dose from in take  o f  contaminated f i s h ,  and the  f r a c t i o n  

of MPI  a t t a i n e d  by standard man from consuming 37 l b s  per year o f  t h e  

f l e s h  o f  contaminated bottom feeders i s  about equal t o  t h a t  from d r i n k i n g  

contaminated water. However, t h e  average f i s h  consumption i n  t h e  South i s  . . 
,” 
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I 
TABLE 29 

.. 
I 

. 

ESTIMATED CUMULATIVE DOSE RECEIVED BY CRlTl CAL ORGANS 
OF MALES FROM USE OF CLINCH R I V E R  AND TENNESSEE R I V E R a  

C r i t i c a l  C l i nch  R iver  Tennessee R iver  

Pa thwa y Skeleton T o t a l  Body Skeleton T o t a l  Body 

D r i  n k i  ng 
Water 1.4 0.11 0.38 0.030 

Recrea t ion  0.018 0.019 0.003 0.003 

F i sh  1.8 0.14 0.070 0.0057 

To t a  1 3.2 0.27 0.45 0.039 

Maxi mum 
Permiss ib le  Doseb 60 10 20 1 .o 

a 

bAs recommended by ICRP (see references 4 and 8),  the annual dose 

Aggregate exposure f o r  the pe r iod  1944 t o  1963. 

ra tes  for  continuous occupat ional  exposure a r e  reduced t o  1/10 and 
app l i ed  t o  the C l i nch  R iver  and a r e  reduced t o  1/30 f o r  bone as c r i t i c a l  
organ and t o  1/100 f o r  t o t a l  body as c r i t i c a l  organ and app l i ed  t o  the  
Tennessee River.  

. 
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58 
24 l b s  per  year. A s  a l i k e l y  approximation, i t  i s  assumed t h a t  t he  

t o t a l  dose from e a t i n g  C l i nch  R iver  f i s h  i s  24/37 o f  the dose due t o  

d r i n k i n g  C l i nch  R ive r  water and amounts t o  1.8 rem and 0.14 rem t o  the  

ske le ton  and t o t a l  body, respec t ive ly .  I t  i s  f u r t h e r  assumed t h a t  bottom 

feeders taken from the Tennessee R ive r  a r e  d i l u t e d  w i t h  o t h e r  East 

Tennessee f i s h ,  and r e s u l t  i n  a t o t a l  dose of 0.070 rem t o  t h e  ske le ton  

and 0.0057 rem to  the  t o t a l  body. Thus, t he  est imated t o t a l  dose i n  the  

ske le ton  o f  the 18-year o l d  u t i l i z i n g  the  C l i nch  R ive r  i s  3.2 rem. The 

estimated dose t o  the  ske le ton  o f  the  14-year o l d  r e s i d i n g  along the  

Tennessee R ive r  i s  0.45 rem. I n  bo th  cases the  dose est imate i s  less  

than one-tenth of the  maximum perm iss ib le  dose. These est imated doses 

a r e  be l i eved  t o  be h i g h  as a r e s u l t  o f  t he  conservat ive assumptions made 

i n  t h e i r  est imat ion.  

* .  

. 

. 
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POTENTIAL EXPOSURES FROM CROP IRRIGATION 

I r r i g a t i o n  o f  a v a r i e t y  o f  crops has been p r a c t i c e d  i n  Tennessee f o r  

a t  l e a s t  50 years.37 A survey conducted i n  1958 by the Tennessee D i v i s i o n  

. 5  o f  Water Resources i nd i ca ted  t h a t  1021 i r r i g a t i o n  u n i t s  were i n  ope ra t i on  

a t  t h a t  t ime on about 0.5% of the  crop lands; 2% were used for  i r r i g a t i n g  

t r u c k  crops and 3% f o r  i r r i g a t i n g  feed crops (corn, s i l age ,  and hay). 

Ground water i s  t he  p r i n c i p a l  source of i r r i g a t i o n  water  west of  the 

Tennessee River,  and su r face  water i s  predominantly used i n  East Tennessee. 

More than 15 inches of water has been app l i ed  t o  t r u c k  crops d u r i n g  the  

growing season. 
38 

A t  present t h e r e  i s  no crop i r r i g a t i o n  a long the  C l i nch  River.  

Therefore, an ana lys i s  o f  the  poss ib le  consequences of  t r a n s f e r  o f  f i s s i o n  

products from contaminated r i v e r  water t o  foods by  c rop  i r r i g a t i o n  i s  an 

h y p o t h e t i c a l  exercise. However, sa fe ty  analyses a r e  expected t o  p o i n t  

o u t  f u t u r e  problem areas as w e l l  as assess the  sa fe ty  of  c u r r e n t  p r a c t i c e .  

Thus, the  j u s t i f i c a t i o n  f o r  such an exe rc i se  l i e s  i n  uncovering any long- 

term problems t h a t  may be associated w i t h  usage of  t h i s  n a t u r a l  resource. 
I 

I 
D i r e c t  measurements o f  s o i l  o r  crop l oad ing  w i t h  f i s s i o n  products due 

t o  i r r i g a t i o n  p rac t i ce ,  as d i s t i ngu ished  from f a l l o u t  and r a i n o u t  a r e  n o t  

a va 

ma n 

so i 

and 

1 -  

l ab le .  I t  i s  necessary, there fore ,  t o  est imate the  exposure dose t h a t  

may rece ive  from in takes  by t h i s  pa th  on the  bas i s  o f  assumptions on 

loading, t r a n s f e r  c o e f f i c i e n t s  from s o i  1 t o  crop, f o l i a r  contamination, 

d i e t a r y  h a b i t s  o f  man. 

Soi 1 Load 

Ion  Exchange Reactions and Parameters 

When water con ta in ing  f i s s i o n  products i s  passed through a s o i l ,  the  

r a d i o a c t i v e  ca t i ons  a r e  removed from s o l u t i o n  by  i on  exchange and t h e i r  

movement i s  r e s t r i c t e d .  S t a b l e  ions a l s o  exchange w i t h  those previous l y  

on the  s o i l .  

I n  the  case o f  a divalent-monovalent i o n  system, i t  was assumed t h a t  

a l l  d i v a l e n t  ions behave s i m i l a r l y .  The monovalent ions compete w i t h  the  

d i v a l e n t  ions f o r  the  exchange s i t e s  according t o  the  expression, 2MR + D* + 
zz DR, + 2M , where D and M stand f o r  d i v a l e n t  and monovalent n ~ t a t i o n . ~ ’ T h e  

40 L 

s e l e c t i v i t y  c o e f f i c i e n t  o f  d i v a l e n t  t o  monovalent ions i s  represented by 

c 



80 

where 
D 

K is th selectivity coefficient of D with resp 

(20) 

M :t to M, qD and q 

are the partlal exchange capacities for D and M(meq/g) and C and C are 

the equilibrium concentration of D and M in solution (meq/ml). 
D M 

From equation 20 and taking the total exchange capacity Q = 0.15 meq 
g 

D 
M D  M (Q = q 

concentration of stable ions in Clinch River and Tennessee River water 

‘D = .00164 meq (calcium plus magnesium) and C 

potassium), the partial divalent cation capacity o f  the soil is calculated 
to be 0.1497 meq, 
unity, the 
sites because of valence effects. 

9 q ) ,  the selectivity coefficient K = 30 g/m1,41 and the 

= .000142 Meq 
ml 

(sodium plus 
M ml 

Even i f  the selectivity coefficient were as low as 
divalent cations would occupy over 9% of the exchange 

The selectivity coefficient of strontium to calcium on the erchanger 
can be expressed by 

where 

. 

= (distribution coefficient) is the ratio of the concentration 
Sr o f  strontium sorbed per unit welght of exchanger to the con- Kd 

centration of unsorbed strontium per unit volume o f  solution, 
at eq u i 1 i b r i um 
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By the  use o f  the  d i s t r i b u t i o n  c o e f f i c i e n t ,  an est imate can be made 

of the  s o i l  load ing  o f  a p a r t i c u l a r  rad ionuc l ide  a t  equ i l ib r ium.  From 

equat ion 21, assuming the  s t ron t ium w i l l  no t  a f f e c t  the  p a r t i a l  exchange 

capac i ty  q = 0.1497, and tak ing  KZ: = 1.3,~' and the concentrat ion o f  

s t a b l e  ca lc ium p lus  magnesium C 

e f f i c i e n t  f o r  s t ron t ium i s  ca lcu la ted  t o  be 120 ml/g. From measurements, 

an av-erage K o f  110 - m l  i s  reported f o r  C l inch  R iver  sediments. 

D 
= 0.00164 meq, the  d i s t r i b u t i o n  co- 

m l  
D 

43 

d~ r g 

By s i m i l a r  cons iderat ions,  the  s e l e c t i v i t y  c o e f f i c i e n t s  o f  cesium t o  

sodium on the  exchanger can be expressed as 

where 

4 

Kd = ( d i s t r i b u t i o n  c o e f f i c i e n t )  the  r a t i o  o f  the concentrat ion o f  
cs cesium sorbed per u n i t  weight of exchanger t o  the  concentrat ion 

of unsorbed cesium per  u n i t  volume o f  s o l u t i o n ,  a t  equ i l ib r ium.  

For the case df cesium exchange by l o c a l  Conasauga shale, the  estima- 
1 

t i o n  o f  s o i l  loading i s  mote involved. There a r e  s m a l l  q u a n t i t i e s  o f  

exchange s i t e s  ( f i x a t i o n  s i t e s )  h i g h l y  s e l e c t i v e  f o r  t h e  heavy a l k a l i  

metal  ca t ioqs  (K  

t o  the  s t a b l e  ions o f  the system var ies  w i t h  the  r e l a t i v e  concentrat ions.  

+ + 
through Cs ) ,  and the s e l e c t i v i t y  f o r  cesium compared - 

\ 

Consequently, the  use o f  equat ion 20 t o  est imate the  p a r t i a l  monovalent 

loading would be misleading, s ince  i t  would i n d i c a t e  a low value f o r  

cesium loading when s u b s t i t u t e d  i n  equat ion 22. 

Study o f  cesium exchange by Conasauga shale ind ica tes  t h a t  the  number 

o f  exchange s i t e s  h i g h l y  s e l e c t i v e  f o r  cesium amounts t o  about 0.013 

meq.@ For the, t o t a l  exchange complex i t  i s  found t h a t  f o r  Ccs = -5 - 
Na 

cs  ( t y p i c a l  o f  C l inch  and Tennessee River  water) ,  KNa = 2000. Because the 

m a j o r i t y  o f  the exchange s i t e s  have l i t t l e  a f f i n i t y  f o r  cesium compared t o  

sodium, p r a c t i c a l l y  a l l  of the  cesium would be he ld  a t  t h e  f i x a t i o n  s i t e s ;  ( 

, i  

the  cesium t o  sodium s e l e c t i v i t y  c o e f f i c i e n t  o f  t h e  f i x a t i o n  s i t e s  i s  c 
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4 
estimated to be approximately 0.15 x 2000 or 2.3 x 10 . No valence 

O m  

effect is observed for the fixation sites; however, potassium is found 
to be approximately 10 times and calclum 9 times as effective as sodium 
in inhibiting the sorption of  cesium. Magnesium is assumed to be as 
effective as calcium in restricting cesium sorption. The effective con- 
centration of competing cations is taken as C - + l 0 C K + 9 C  f M - ‘Na Ca 
9 CMg = 0.015 5. 

m l  
concentra t ion of fixation s i tes 

Since q cs > > qM, qH is assumed to be equal to the 

= 0.013 meq, and CM = 

4 

4 From equation 22, when Kcs = 2.3 x 10 , 
g 

qM Na 

0.015 %,the distribution coeFficient is calculated to be 2.1 x 10 
m l  

- ml. An average K 
g dCs 

for Clinch River sediments is reported to be 2.9 x 

4 32 10 ml 

Estimatlon of Soil Loading 

- 
g ‘  

The fission product loading of the soil is estimated by assuming that 
the soil will continue to remove all applied exchangeable cations until 
saturated to the equilibrium value. The volume o f  irrigation water 
required to attain equilibrium may be calculated by use of the distribution 
coefficients and the mass o f  soil available. Assuming a soil depth of 
6 2/3 inches and a soil density (dry weight) of 1.32 g/cm3, the estimated 
soil mass per square meter is 2.24 x 10 g. The depth O F  irrigation water 
required to attain equilibrium for 90Sr,is given by: 

5 
1 

5 120 - m l x  2.24 x 10 CJ x 3.28 - ft x lom6 - m3 = 88 ft 
m 3 

9 h2 cm 
Similarly, For 137Cs, 16,000 feet of water would be required to reach 
equilibrlum. Water applied after the soil reaches its equilibrium load 
is assumed to have llttle additional effect on soil loading. 

In an operating irrigation system, the accumulation of any particular 
Fission product in the soil over a differential time element, dt, is 
assumed to be expressed by the equation: 

- -  

* .  

dt = R-hN(t) - aN(t) -pN(t) (23) 
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where 

M ' 
N(t )  = q u a n t i t y  o f  rad ionuc l ide  

\ I  

(3) , 
R = r a t e  of a p p l i c a t i o n  o f  the f i s s i o n  product 

-1 h = decay constant ( y r  ) o f  the f i s s i o n  product, 

a = f r a c t i o n a l  loss per  year o f  f i s s i o n  product t o  t h e  crop ( y r  ) ,  

p = f r a c t i o n a l  loss per year o f  f i s s i o n  product due t o  o ther  causes 

-1 

such as s o i  1 erosion, leaching, e t c  (yr ' l ) .  

The loss  o f  9OSr and 137Cs from the  s o i l  zone by erosion, leaching, 

sur face runoff ,  and i n t e r f l o w ,  i s  assumed t o  be n e g l i g i b l e .  I n  r e a l i t y ,  

some loss  by these machanisms i s  expected. Numerous accounts o f  the  

occurrence o f  90Sr and 

these rad ionuc l  ides through the  s o i  1 by leaching. 45-50 

f a l l o u t  due t o  e ros ion  and r u n o f f  is r e l a t e d  t o  t h e  s o i l  cover and the  

land s lope on p l o t s  growing a g r i c u l t u r a l  crops. 

i n  Wisconsin and Georgia i n d i c a t e  losses by eros ion and r u n o f f  ranging 

from 0.4% t o  4.@.51 

the loss o f  rad ionucl ides by eros ion  and r u n o f f  from l o c a l  s o i l  p l o t s .  The 

s o l u t i o n  o f  equat ion 23 when 

137 
Cs i n  s o i l s  i n d i c a t e  o n l y  a slow movement o f  

~ o s s  o f  9 O ~ r  i n  

I n v e s t i g a t i o n  o f  p l o t s  

Studies a r e  c u r r e n t l y  i n  progress a t  ORNL t o  d e f i n e  

N( t )  = 0 a t  t = 0, and p = 0 is: 

-(A+ a) t )  N ( t )  = R ( l - e  
h + a  

The r a t e  of  a p p l i c a t i o n  of  f i s s i o n  products t o  the a g r i c u l t u r a l  p l o t  

i s  a f u n c t i o n  o f  the  q u a n t i t y  o f  i r r i g a t i o n  water used and the  concent ra t ion  

o f  f i s s i o n  products i n  t h e  water. Tables 30 and 31 l i s t  t h e  bu i ld -up  o f  

90Sr and 

2 f t  o f  C l inch  R iver  water and Tennessee R iver  water per year. The con- 

c e n t r a t i o n  o f  90Sr i n  the  water is assumed t o  be constant, e i t h e r  a t  the  

137 Cs i n  s o i l  r e s u l t i n g  from an assumed r a t e  o f  a p p l i c a t i o n  o f  

l e v e l  t h a t  occurred i n  1951 o r  a t  t h e  l e v e l  t h a t  occurred i n  1954. 

S i m i l a r l y ,  137Cs concentrat ions a r e  assumed constant a t  t h e  l e v e l  o f  1953 

o r  a t  the  l e v e l  of  1956. Separate land areas a r e  assumed t o  support  the  

growth o f  gra in ,  l e a f y  vegetables, potatoes, o r  pasture grass. Values 
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137 chosen f o r  the f r ac t iona l  loss  (a )  of 90Sr and C s  t o  t h e  various crops 

a r e  d i scussed be l o  w. Due t o  radioact ive decay and  t o  t h e  f r ac t iona l  

loss  t o  t h e  crop, Cs e s s e n t i a l l y  reaches equilibrium i n  t h e  s o i l  system 

a f t e r  100 years of i r r iga t ion .  A n  ex te rna l  dose r a t e  of less t h a n  0.1 

mrad/day is associated w i t h  t h e  contaminated s o i l  a t  equilibrium. 

137 

Transfer of Radionuclides t o  Man through Soi l  

Plant  growth requires t h a t  ions from the s o i l  b e  removed continuously 

and relocated w i t h i n  t h e  plant .  T h i s  dynamic system allows f i s s i o n  

products i n  t h e  s o i l  t o  b e  t ransfer red  t o  t h e  p lant .  Values reported 

for  90Sr and 137Cs t ransfer red  from s o i l  t o  crop vary by a f ac to r  of 

about 10. Many of t h e  t r a n s f e r  c o e f f i c i e n t s  r e s u l t  from experi-  52-57 

mental s t u d i e s  t h a t  requi re  an ex t rapola t ion  t o  f i e l d  condi t ions.  

Select ion of t r ans fe r  coe f f i c i en t s  fo r  t h i s  s t u d y  consider t h e  exchange- 

ab le  calcium, t h e  ca t ion  exchange capaci ty ,  t h e  pH, and t h e  exchangeable 

hydrogen of local  s o i l s .  

based on s o i l  t o  crop t r a n s f e r  of O.O@ of t h e  137Cs ( a l l  crops) , 0.005% 

of t h e  90Sr t o  wheat gra in ,  and 1% of t h e  90Sr t o  o ther  crops,  and an 

e d i b l e  crop y i e l d  of 0.14 kg/m dry weight fo r  wheat  g ra in  ( t y p i c a l  f o r  
2 

East Tennessee) and one kg/m f o r  a l l  o ther  crops. 

Est imated Intake of 90Sr and 137Cs 

A n  estimated p lan t  load ( E dry w e i g h t )  i s  
kg 

2 

The  da i ly  intake of 90Sr and 137Cs is estimated by assuming t h a t  a l l  

produce f o r  t h e  year comes from t h e  same i r r iga t ed  s o i l ,  and t h a t  t h e  

d i e t a ry  habi t s  of the individual include an average d a i l y  intake of 0.24 

kg of gra in ,  0.26 kg of leafy v e g e t a b l e ,  and 0.1 kg of potatoes.  58 Most 

of t h e  wheat gra in  is  i n  t h e  form of w h i t e  f l o u r ;  therefore ,  o n l y  25% 

of the 90Sr i n  g ra in  is expected t o  reach t h e  f l o u r  and b e  consumed by 

man. 59 
By assuming t h a t  t h e  maximum permissible  intake ( M P I )  of a radio- 

PC nuclide ( - ) is s i m p l y  t h e  product of the (MPC) and t h e  volume of 

water consumed by t h e  standard man (2200 ml/day), the f r a c t i o n  of MPI 

t h a t  may b e  a t t a ined  by consuming contaminated produce is ca lcu la ted  

(Table 32 and 33). Inherent i n  t h e  ca lcu la t ion  i s  t h e  assumption t h a t  

r a i n f a l l  w i l l  not a f f e c t  t h e  s o i l  loading and t h a t  t h e  f i s s i o n  products 

w i l l  b e  uniformly d i s t r ibu ted  w i t h i n  t h e  s o i l  by l a n d  c u l t i v a t i o n  procedures. 

day W 

... 

c 
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TABLE 32 

ESTIMATED FRACTION OF wSR M P I  THAT MAN MAY ATTAIN BY TRANSFER FROM 
SOIL CONTAMINATEDIWITHaIRRIGATION WATER 

(10- MPI) 

1951 1954 
Years of Leafy Leafy 

I r r i g a t i o n  Gra in Vegetables Potato Gra in  Vegetables Potato 
._C 

CLINCH R I V E R  M I  14.5 

1 0.0007 0.086 0.035 0.0070 0.85 0.34 

2 0.0015 0.017 0.072 0.014 1.7 0.70 

5 0.0035 0.39 0.17 0.034 3.7 1.6 

11 0.0069 0.65 0.33 0.067 6.4 3.2 

30 0.014 1 .o 0.67 0.14 9.8 6.6 

44 0.017 1.1 0.81 0.16 10 8.0 

TENNESSEE R I V E R  M I  465.5 

1 0.0004 0.049 0.020 0.0027 0.32 0.13 

2 0.0008 0.095 0.040 0.0054 0.63 0.27 

5 0.0020 0.21 0.094 0.013 1.4 0.62 

11 0.0042 0.37 0.19 0.026 2.4 1.2 

30 0.0078 0.56 0.38 0.052 3.7 2.5 

44 0.0094 0.59 0.44 0.062 4.0 3.0 

Consider ing bone as the c r i t i c a l  organ. a 
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. *  

. 

A f t e r  44 years o f  i r r i g a t i o n  w i t h  waters conta in ing  a constant con- 

c e n t r a t i o n  of 90Sr an e q u i l i b r i u m  i s  es tab l i shed and an increase i n  90Sr 

i n take  would no t  be expected. 

bo th  g r a i n  and l e a f y  crops, t h e  h y p o t h e t i c a l  in take  o f  90Sr a t  e q u i l i b r i u m  

us ing C l inch  R iver  water f o r  i r r i g a t i o n  may range from 0.19 t o  1.8 times 

M P I ;  s i m i l a r l y ,  the  h y p o t h e t i c a l  in take  o f  90Sr a t  e q u i l i b r i u m  us ing 

Tennessee R iver  water may range from 0.10 t o  0.71 times MPI .  A t  the  

c u r r e n t  l e v e l s  o f  Cs i n  C l inch  River  and Tennessee River  water, no 

A t  the est imated r a t e  o f  consumption of 

137 

apparent problems w i l l  be encountered. 

by p l a n t s  a r e  summarized by the  Stanford Research Ins t i tu te .60  Trans fer  

o f  rad ionuc l ides  from s o i l  t o  crop i s  expressed as a s o i l  uptake contami- 

n a t i o n  f a c t o r ,  A 

atoms per gram of s o i l .  By consider ing the  c h a r a c t e r i s t i c s  o f  East 

Tennessee s o i l s ,  average values o f  A ( Sr) a r e  ca lcu la ted  f o r  var ious 

crops as fo l lows:  

vegetables (spinach, b r o c c o l i ,  car ro ts ,  etc.),  3.3; o t h e r  green vegetables 

(beans, peas, le t tuce ,  etc.),  4.6; and o ther  vegetables (beets, radishes, 

etc.), 3.6. The d a i l y  in take  o f  90Sr i s  est imated from the d i e t a r y  h a b i t s  

i n  the South and the  s o i l  loading a t  e q u i l i b r i u m  (Table 30, C l inch  River,  

1954). 

ca lcu la ted  t o  a t t a i n  about two times the M P I  due t o  s o i l  t o  crop t rans fer .  

Another comparison o f  c a l c u l a t e d  values o f  90Sr content i n  e d i b l e  foods 

i s  a f fo rded by the Federal  Rad ia t ion  Council.61 They p r e d i c t  an average 

accumulation o f  0.044 y c  o f  90Sr per  square meter from f a l l o u t  a t  t h e  end 

o f  1963, and 250 pc o f  'OS, per k i logram i n  harvested wheat. 

assumptions o f  s o i l  t o  g r a i n  t r a n s f e r  and p r o d u c t i v i t y  p rev ious ly  l i s t e d ,  

the est imated 90Sr i n  g r a i n  i s  15 pc per  ki logram. 

90Sr expected i n  wheat g r a i n  may come from the s o i l  and about 95% from 

absorpt ion through above ground p a r t s  of  the  p lan t .  Mente1 repor ts  s i m i -  

l a r  values f o r  f o l i a r  r e t e n t i o n  o f  90Sr by wheat gra in .  The importance 

o f  contaminated i r r i g a t i o n  water as a c r i t i c a l  pathway receives support  

Resul ts i n d i c a t e  from exper imental  f i e l d  s tud ies  reported by Michon. 

the average 90Sr content  i n  one k i logram o f  the crops s tud ied  i s  equ iva len t  

t o  the  9 0 S r  i n  a t  l e a s t  9.5 l i t e r s  o f  the i r r i g a t i o n  water. 

Experimental r e s u l t s  from a number of s tud ies  o f  rad ionuc l ide  uptake 

o r  the  r a t i o  of atoms per  gram o f  d r y  p l a n t  t o  t h e  su 

90 

grain,  0.05; potatoes, 0.26 dark green and deep ye l low 
su 

58 
Based on the est imated d a i l y  in take  of 90Sr, a standard man i s  

Using t h e  

Thus about 5% o f  the  

62 

63 



Transfer  o f  Radionucl ides by F o l i a r  Contamination 

To a l a r g e  ex ten t  crop i r r i g a t i o n  i s  accomplished by spray techniques. 

Thus, f o l i a r  contaminat ion o f  above ground crops i s  another avenue by 

which f i s s i o n  products i n  i r r i g a t i o n  water may reach man. Studies o f  * .  
a e r i a l  contaminat ion o f  p l a n t s  have been r e l a t e d  p r i n c i p a l l y  t o  absorp t ion  

o f  f a l l o u t  rad ionucl ides;  therefore,  u n c e r t a i n t i e s  e x i s t  i n  app ly ing  data 

from such s tud ies  t o  crop contaminat ion by i r r i g a t i o n .  The amount o f  

rad ionuc l ide  accumulated i n  e d i b l e  p a r t s  o f  a p l a n t  depends on t h e  stage 

o f  growth o f  the p l a n t  a t  t h e  t ime o f  spraying, and the  r a t e  o f  t rans- 

l o c a t i o n  and r a t e  o f  accumulation o f  the r a d i ~ n u c l i d e . ~ ~  ln te rmi  t t a n t  

r a i n f a l l  i s  known t o  remove a f r a c t i o n  o f  t h e  r a d i o n u c l i d e  p r e v i o u s l y  

deposi ted on p lants .  The values of percent r e t e n t i o n  by the e d i b l e  p a r t  

o f  p l a n t s  vary considerably  between d i f f e r e n t  crops. Gra in i s  repor ted 

t o  c o n t a i n  from 0.2% t o  2% of  the  90Sr, and apparent ly  depends on the 

season and t ime o f  contamination. 62'65-67 The f i n a l  content  o f  137Cs 

i n  wheat g r a i n  ranges from 1% t o  5%. 

smal ler  amounts o f  90Sr  than o ther  vegetable crops; the  f i n a l  content  

i n  tubers ranges from 0.01% t o  0.04%. Cesium-137 r e t e n t i o n  by tubers 
68 

averages about 5%. Estimates o f  r e t e n t i o n  by l e a f y  vegetables a r e  

based on values repor ted f o r  pasture grass and t h e  wheat p lan t .  Re- 

Potatoes c o n t a i n  s i g n i f i c a n t l y  

137 t e n t i o n  of 90Sr  v a r i e s  between 2.5% and 5$, and Cs r e t e n t i o n  i s  about 

1%. 68 9 69 
Values se lected f o r  f o l i a r  r e t e n t i o n  o f  90Sr  and 137Cs f o r  t h i s  

a n a l y s i s  a r e  based on t h e  above i n f o r m a t i o n  and a r e  l i s t e d  i n  Table 34. 

By i r r i g a t i n g  the  var ious crops w i t h  two f e e t  per  year o f  C l inch  R iver  

and Tennessee R iver  water t h a t  con ta in  concentrat ions o f  90Sr and 137Cs 

p r e v i o u s l y  l i s t e d ,  t h e  f r a c t i o n  o f  MPI t h a t  might be a t t a i n e d  due t o  

f o l i a r  contaminat ion is c a l c u l a t e d  (Table 3 4 ) .  F o l i a r  contaminat ion w i t h  

90Sr  has a g rea ter  in f luence on l e a f y  crops than g r a i n  o r  p o t a t o  crops 

A t  the  l e v e l s  o f  Cs encountered i n  the r i v e r s  d u r i n g  1953 and 1956, 

smal ler  b u t  perceptable amount o f  137Cs may en ter  man's d i e t  due t o  f o  

contaminat ion as contrasted t o  s o i l  t o  p l a n t  contamination. 

Transfer  of  Radionucl ides t o  Man by M i l k  

137 

t 

a 

i a r  

. 
One f i n a l  p o s s i b i l i t y  o f  rad ionuc l ide  t r a n s f e r  t o  man by contaminated 
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TABLE 34 

TRANSFER OF 90SR AND 137CS TO MAN BY FOLIAR CONTAMINATION FROM I R R I G A T I O N  WATER 

Percent Retent iona 

b P lan t  Load 
( lom4 W k g )  Fraction of MPIC 

Leafy Leafy Leafy 
Source Year Grain Vegetables Potato Grain Vegetables Potato Grain Vegetables Potato 

STRONT I UM-90 

CRM 14.5 1951 1.'0 5.0 0.03 2.2 1.6 0.012 0.015 0.045 0.00014 
15 0.092 0.15 0.45 0.0011 CRM 14.5 1954 1.0 5.0 0.03 22 

TRM 465.5 1951 1.0 5.0 0.03 38 0.27 0.0016 0.0087 0.033 0.00006 5 
TRM 465.5 1954 1.0 5.0 0.03 2.5 1,8 0.011 0.058 0.17 0.0004 

CES I UM- 137 

CRM 14.5 1953 5.0 . 10 10 3.6 1.0 1 .o 0.0020 0.00059 0.00022 
CRM 14.5 1956 5.0 10 10 84 23 23 0.046 0.014 0.005 
TRM 465.5 1953 5.0 10 10 . 56 0.16 0.16 0.0031 0.0009 0.0004 
TRM 465.5 1956 5.0 10 10 14 3.8 3.8 0.074 0.022 0.009 

aContents o f  e d i b l e  plant a s  $, of radionuclide applied per u n i t  o f  land area.  

bkg of dry w e i g h t  

'Assuming a d a i l y  intake of man of 0.24 kg of gra in ,  0.26 kg of leafy  vegetables, and 0.10 kg 
of potatoes. 
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a 

i r r i g a t i o n  water i s  considered; t h a t  i s ,  t h e  t r a n s f e r  o f  the  rad ionucl ides 

i n t o  t h e  m i l k  o f  cows al lowed t o  graze on pasture land i r r i g a t e d  w i t h  

r i v e r  water. In fo rmat ion  assembled by the  Uni ted Nat ions S c i e n t i f i c  

Committee on the  E f f e c t s  of  Atomic Rad ia t ion  i n d i c a t e s  t h a t  0.08% o f  the  . -  
137 

90Sr and 1.3% o f  t h e  

t o  each l i t e r  of mi lk.70 

based on an average d a i l y  consumption o f  10.9 kg of pasture grass. 

Cs ingested d a i l y  by d a i r y  c a t t l e  i s  t r a n s f e r r e d  

The in take  o f  these rad ionuc l ides  by the  cow i s  
71 

Using the p r e v i o u s l y  c a l c u l a t e d  values o f  l e a f y  crop load ing  due t o  . 
s o i l  t o  crop t r a n s f e r  and d i r e c t  f o l i a r  contamination, and assuming t h a t  

one l i t e r  per  day o f  m i l k  i s  consumed, t h e  f r a c t i o n  o f  MPI t h a t  may be 

obtained by d r i n k i n g  m i l k  is est imated (Table 35). The h y p o t h e t i c a l  

in take  o f  90Sr a t  e q u i l i b r i u m  using C l inch  

River  water f o r  i r r i g a t i o n  may r e s u l t  i n  an MPI ranging from 0.0052 t o  

0.051 M P I  and 0.0029 t o  0.019 MPI,  respec t ive ly .  

i n  the  i r r i g a t i o n  water, no apparent problem i s  encountered. Since 

f o l i a r  r e t e n t i o n  i s  t h e  p r i n c i p a l  mechanism o f  Cs t r a n s f e r  t o  grass, 

there  i s  l i t t l e  change i n  loading from year t o  year. A t  e q u i l i b r i u m ,  the  

f r a c t i o n  of  M P I  ( t o t a l  body as  c r i t i c a l  organ) a t t a i n e d  is: C l i n c h  River,  

3.2 x lom4 (1953) and 7.6 x lom3 (1956); and Tennessee River, 5.1 x 10 

(1953) and 1.2 x lom2 (1956) . 

River  water and Tennessee 

A t  t h e  l e v e l s  o f  137Cs 

137 

-4 

Cumulative Trans fer  o f  Radionucl ides t o  Man by Crop I r r i g a t i o n  

Although independent cons idera t ion  was g iven t o  the  severa l  vec tors  

o f  contaminat ing man's d i e t  by i r r i g a t i n g  water, these vec tors  a r e  addi-  

t i v e .  H y p o t h e t i c a l l y ,  the  cumulat ive c o n t r i b u t i o n  t o  the  MPI (bone) o f  

90Sr by i r r i g a t i o n  water i s  shown i n  F igures 14 and 15. S i m i l a r l y ,  the  

cumulat ive c o n t r i b u t i o n  t o  t h e  MPI  ( t o t a l  body) o f  Cs by i r r i g a t i o n  

water i s  shown i n  F igure  16. 
t r a n s f e r  o f  90Sr  may be of  g rea tes t  long-term importance i n  c o n t r i b u t i n g  
90 

vectors  may be o n l y  o f  secondary importance. A f t e r  e q u i l i b r i u m  i s  a t t a i n -  

ed i n  the s o i l ,  standard man might inges t  20 times as much 90Sr  by consum- 

ing  produce from t h e  land i r r i g a t e d  w i t h  contaminated water compared t o  

consumption of  t h e  water. No apparent problem i s  ind ica ted  due t o  the  

est imated concent ra t ion  of Cs i n  C l i n c h  R iver  and Tennessee R iver  

137 

Ca lcu la t ions  i n d i c a t e  t h a t  s o i l  t o  crop 

S r  t o  man's d i e t  from contaminated i r r i g a t i o n  water. F o l i a r  and m i l k  

137 
L 

. 



T A B L E  35 

ESTIMATED FRACTION OF 90SR M P I  T H A T  MAN MAY A T T A I N  FROM M I L K  AFFECTED BY 

CROP I RR I GAT I  ON^ 

Years of C L I N C H  R I V E R  M i .  14.5 TENNESSEE R I V E R  M i .  465.5 

I r r i g a t i o n  1951 1954 1951 1954 

1 

2 

5 

11 

30 

4 4  

0.0019 

0.0021 

0.0028 

0.0038 

0.0050 

0.0052 

0.018 

0.021 

0.028 

0.037 

0.049 

0.051 

\o w 
0.0010 0.0069 

0.0012 0.0080 

0.0016 0.011 

0.0021 0.014 

0.0028 0.019 

0.0029 0.019 

aAssuming a d a i l y  in take  by man of one l i t e r  of m i l k  and consider ing bone as t h e  c r i t i c a l  organ. 
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i r r i g a t i o n  water. However, due almost e n t i r e l y  t o  f o l i a r  contamination, 

as  much as 30 times the 137Cs might be ingested from contaminated crops 

compared t o  d r i n k i n g  water. I t  i s  not  p o s s i b l e  t o  determine the  accuracy 

o f  these p r e d i c t i o n s  w i t h  the  in fo rmat ion  c u r r e n t l y  ava i lab le .  A number 

o f  assumptions were necessary i n  making the  c a l c u l a t i o n s ,  and d i f f e r e n c e s  

i n  the  values used f o r  t r a n s f e r  parameters could s i g n i f i c a n t l y  change the  

estimated in take  o f  90Sr and 137Cs. 

nuc l ides from i r r i g a t e d  p l o t s  by e ros ion  and r u n o f f  may reduce t h e  

q u a n t i t y  o f  rad ionucl ides a v a i l a b l e  t o  the  p lants .  A change i n  s o i l  t o  

c rop  t r a n s f e r ,  i n  f o l i a r  re ten t ion ,  o r  i n  p r o d u c t i v i t y  o f  e d i b l e  crops, 

could e i t h e r  increase o r  decrease the  q u a n t i t y  o f  90Sr  and 

i n  man's d i e t .  D i f fe rences  i n  d i e t a r y  h a b i t s  and use o f  produce from 

uncontaminated p l o t s  would a l s o  in f luence the  est imated i n t e r n a l  exposure. 

A t  the  present t ime no problem e x i s t s  o f  s i g n i f i c a n t  q u a n t i t i e s  o f  

f i s s i o n  products e n t e r i n g  man's d i e t  due t o  i r r i g a t i o n  prac t ice .  I t  seems 

u n l i k e l y  t h a t  a problem w i l l  develop a long t h e  Clinch-Tennessee R iver  system. 

Truck crops i n  t h i s  environment c o n t r i b u t e  l i t t l e  t o  the  t o t a l  q u a n t i t y  

o f  produce and a r e  grown o n l y  f o r  a s h o r t  per iod  d u r i n g  the  year. However, 

crop i r r i g a t i o n  w i t h  contaminated water could take on grea ter  importance 

i n  areas where c l i m a t i c  cond i t ions  a r e  more conducive t o  year-around 

i r r i g a t i o n  o f  l a r g e  a g r i c u l t u r a l  p l o t s .  Some use can be made o f  data 

provided by f a l l o u t  s tud ies,  b u t  there  i s  need f o r  data from experiments 

designed t o  e l u c i d a t e  rad ionuc l ide  e n t r y  i n t o  man's d i e t  from contaminated 

i r r i g a t i o n  water. I n  view o f  the  long-range i n t e r e s t  i n  a power r e a c t o r  

program and t h e  accompanying r e c y c l e  o f  fue ls ,  such s tud ies  should 

consider the  t ransmutat ion products ( r e s u l t i n g  from neutron capture by 

i r r a d i a t e d  fue ls ) ,  as w e l l  as f i s s i o n  products. 

For example, the loss o f  rad io-  

137 
Cs present  
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CONCLUSIONS AND RECOMMENDATIONS 

Disposal  o f  r a d i o a c t i v e  wastes t o  the  C l i n c h  R iver  has r e s u l t e d  i n  

r a d i a t i o n  exposures w e l l  below ICRP and FRC permiss ib le  l i m i t s .  O f  the  

c r i t i c a l  pathways considered, e x t e r n a l  exposure from contaminated water 

and bottom sediments was o f  less importance as a p o t e n t i a l  source o f  

r a d i a t i o n  exposure than consumption o f  contaminated water and f i s h .  

However, i f  the  p r a c t i c e  o f  i r r i g a t i o n  w i t h  r i v e r  water develops, the  

long term e f f e c t  of crop i r r i g a t i o n  w i t h  contaminated water could become 

the most important avenue o f  exposure. 

I n t e r n a l  dose est imat ions based s o l e l y  on exposure o f  a standard man 

w i l l  underestimate the  dose t o  c r i t i c a l  popu la t ion  groups; t h a t  i s ,  the  

most h i g h l y  exposed group. By t a k i n g  account of  d i f fe rences  i n  ra tes  o f  

in take  and masses o f  c r i t i c a l  organs est imated doses exceed those of  

standard man by a f a c t o r  of  a t  l e a s t  two. Such d i f fe rences  a r e  i n  

a d d i t i o n  t o  those expected as a r e s u l t  o f  i n d i v i d u a l  v a r i a b i l i t y .  Other 

improvements i n  dose est imates a r e  p o s s i b l e  b u t  t h a t  w i l l  r e q u i r e  b e t t e r  

in fo rmat ion  on t h e  h a b i t s  and c h a r a c t e r i s t i c s  o f  popu la t ion  groups l i k e l y  

t o  be exposed. Such in fo rmat ion  includes the  l o c a t i o n  and age d i s t r i b u t i o n  

o f  p o t e n t i a l l y  exposed populat ions,  amounts o f  p r i n c i p a l  f o o d s t u f f s  

consumed, and t h e i r  p r i n c i p a l  occupat ional  and r e c r e a t i o n a l  hab i ts .  The 

type and r a t e  o f  consumption o f  f i s h ,  potatoes, and l e a f y  vegetables as 

a f u n c t i o n  o f  age would be extremely useful .  I n  p a r t i c u l a r ,  a d d i t i o n a l  

in fo rmat ion  i s  necessary t o  decide if t o t a l  f i s h  ( f l e s h  and bone) a r e  an 

important source o f  90Sr  in take  by man. 

i s  an es tab l i shed s t a p l e  of man's d i e t ,  the  consumption o f  t o t a l  f i s h  by 

E a s t  Tennessee f ishermen i s  no t  confirmed. 

Al though the  cooked f l e s h  o f  f i s h  

Strontium-90 i s  the  most important of  the c r i t i c a l  rad ionuc l ides  i n  

l i q u i d  wastes released t o  the C l inch  River, c o n t r i b u t i n g  more than 9% of  

the  ske le ton  and t o t a l  body dose and 7% of t h e  t h y r o i d  dose. Ruthenium- 

106, Co c o n t r i b u t e  s i g n i f i c a n t l y  t o  the  dose received by t h e  

GI t r a c t .  As a consequence of Sr releases, the  ske le ton  o f  man d r i n k i n g  

C l inch  R iver  water i s  the  c r i t i c a l  organ r e c e i v i n g  about 5 t imes t h e  

t o t a l  dose of  the o ther  organs considered. However, the  t o t a l  dose t o  

the ske le ton  of  the c r i t i c a l  popu la t ion  group was considerably  smal le r  

137 60 
Cs, and 
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(by a f a c t o r  o f  about 20) than the a l l owab le  dose from contaminated 

d r i n k i n g  water. Improved waste management a t  ORNL has r e s u l t e d  i n  a 

decrease i n  9 0 S r  released t o  the C l i nch  River.  

t o  the r i v e r  have been about equal t o  the c o n t r i b u t i o n  from nuclear t e s t  

f a  1 l o u t .  

The more recent discharges 

An i n t e r n a l  dose commitment i s  created f o r  the f u t u r e  by the i n t a k e  

o f  rad ionuc l ides  of  long  e f f e c t i v e  h a l f  l i f e .  Dose continues t o  be 

d e l i v e r e d  t o  the c r i t i c a l  organs f o l l o w i n g  i n t a k e  and depends on the  

e f f e c t i v e  h a l f  l i f e  o f  the  rad ionuc l ide .  I n fo rma t ion  on dose commitment 

may be u s e f u l  i f  changes i n  popu la t i on  exposure l i m i t s  a r e  considered, 

i f  a new i n s t a l l a t i o n  wishes t o  u t i l i z e  the  d i l u e n t  capac i ty  o f  a su r face  

water, o r  i f  an a c c i d e n t a l  re lease o f  r a d i o a c t i v e  m a t e r i a l  requ i res  

c o r r e c t i v e  ac t ion .  Methods developed i n  t h i s  r e p o r t  f o r  es t ima t ing  dose 

t o  man can be app l i ed  t o  the  assessment o f  f u t u r e  r a d i a t i o n  exposure. 

Greatest  emphasis o f  r o u t i n e  environmental mon i to r i ng  should be  

r e l a t e d  t o  c u r r e n t  and c r i t i c a l  pathways o f  exposure; f o r  man, these a r e  

the consumption o f  water and f i sh .  P e r i o d i c  eva lua t i on  i s  needed t o  

con f i rm  the  adequacy of  t he  mon i to r i ng  program and t o  r e e s t a b l i s h  the  

importance o f  c r i t i c a l  nuc l ides  and c r i t i c a l  exposure pathways. Such 

review would be concerned n o t  o n l y  w i t h  rad ionuc l ides  o f  long  p h y s i c a l  

h a l f  l i f e ,  b u t  a l s o  w i t h  those o f  s h o r t  h a l f  l i f e  t h a t  may occas iona l l y  

be released and otherwise over looked by a r o u t i n e  program. The r o u t i n e  

mon i to r i ng  program should i nc lude  comparison o f  gross beta ana lys i s  made 

on d a i l y  samples and on monthly composite samples, t he  d i f f e r e n c e  i n  

magnitude be ing  i n d i c a t i v e  o f  t he  s i g n i f i c a n c e  o f  the c o n t r i b u t i o n  o f  

s h o r t  l i v e d  rad ionuc l ides  i n  the  e f f l u e n t .  Although contaminated water 

and bottom sediments a r e  a minor source o f  r a d i a t i o n  exposure t o  man, 

d i r e c t  measurements o f  r a d i a t i o n  i n t e n s i t y  a r e  d e s i r a b l e  i n i t i a l l y  t o  

con f i rm  dose-rate c a l c u l a t i o n s  and to  occas iona l l y  reconf i rm the  source 

p o t e n t i a l .  I t  i s  a l s o  d e s i r a b l e  t o  i n v e s t i g a t e  c u r r e n t  and poss ib le  

f u t u r e  use o f  C l i nch  R ive r  and Tennessee R ive r  waters as sources o f  

supplemental water f o r  i r r i g a t i o n  purposes. Th is  i n fo rma t ion  can be used 

t o  de f ine  the  need f o r  sampling s o i l s  o r  crops i n  the  a f f e c t e d  areas. 
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There i s  need f o r  a d d i t i o n a l  research on areas o f  u n c e r t a i n t y  

associated w i t h  rad ionuc l i de  t r a n s f e r  t o  f i s h  and t o  i r r i g a t e d  crops. 

i n fo rma t ion  such as t h e  r a t e  o f  t r a n s f e r  and q u a n t i t y  o f  90Sr  and s t a b l e  

s t ron t i um i n  f l e s h  and bone o f  important f i s h  species, t h e  i n f l uence  o f  

f i s h  age and season o f  the year on t r a n s f e r  rates,  and the t r a n s f e r  o f  

90Sr  'from f i s h  bone t o  f i s h  f l e s h  by  cooking would be h e l p f u l  t o  est imate 

the  dose t o  man and t o  op t im ize  a f i s h  mon i to r i ng  program. A p o t e n t i a l l y  

important source o f  90Sr  e n t r y  i n  man's food cha in  can be e l im ina ted  by  

prevent ing  f i s h  i n  White Oak Creek o r  White Oak Lake from e n t e r i n g  the  

C l i nch  River.  Ana lys i s  o f  crop i r r i g a t i o n  as a c r i t i c a l  exposure path- 

way requ i res  knowledge o f  f i s s i o n  produc t  behavior i n  s o i l s  and p lan ts .  

O f  g rea tes t  importance i s  i n fo rma t ion  a p p l i c a b l e  t o  t h e  East Tennessee 

environs. Th is  includes the  accumulation o f  f i s s i o n  products i n  c u l t i -  

vated s o i l s  w i t h  time, the  t r a n s f e r  of  f i s s i o n  products from s o i l  t o  

p lan t ,  and the  f o l i a r  r e t e n t i o n  of  f i s s i o n  products by the  p lan t .  

L 

. 
. 
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