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URANIUM CASES SHOWING LONG CHEST BURDEN 
RETENTION-AN UPDATING 

C .  M. WEST and L. M. SCOTT 
Y- 12 Plant. Ciiion Carbide Corporation, Xuclear Division, Oak Ridge, Tennessee 37830 

(Recciued 27 February 1969; in revised form 5 AZay 1969) 

Abstract-Routine uranium in vivo,  urine and fecal measurements have been continued on 
four employees previously reported as having unusually long retention of uranium chest 
burdens. Data have been obtained for a period of 33 yr since that report. The data includ- 
ing this period are compared to those previously obtained, and the cases are reassessed on 
the basis of these additional data. 

It was found that the half-life of uranium in the chest, as measured by in vim monitoring of 
these employees, is not statistically different from that previously reported. The urine to fecal 
elimination rate ratio on these employees averaged about 1, indicating fecal excretion to be an 
important mode of lung clearance. 

Efforts to better determine the nature and causes of these exposures by the selection of the 
most likelv exposure materialis) and conduction of animal inhalation experiments are outlined. 
These efforts have not bcen succcssful in establishing a complete understanding of the reaSon(s) 
for the unusual retention patterns exhibitcd by these persons. 

INTRODUCTION 

Background 
OAK RIDGE Y-12 plant employees who have 
an exposure potential to either uranium and/or 
thorium have been routinely monitored by 
in vivo gamma spectrometry since 1961. Of 
the thousands monitored, 5 exposure cases 
detected in 1962 and 1963 showed chest 
burdens of enriched uranium which exhibited 
unexpectedly slow decreases after the persons 
were assigned to non-uranium activities. These 
persons had indicated biological half-lives of 
uranium in the chest of from 300 to 1470 days. 

Scope and purpose 
Since the initial reporting of these cases by 

WEST and  SCOTT,[^) additional in vivo, uri- 
analysis, and fecal data have been obtained 
over a period of up to 3) yr on four of 
the five cases. 

The purpose of this report is to (1) summarize 
the cxtendcd data, ( 2 )  compare the data 
obtained for the total period of monitoring 
with those prcviously reported, and (3) briefly 
dcscrilic the continuing efforts made to deter- 
mine the rezson for these unusual retention 
patterns. 

DATA 
These persons have been scheduled to give 

urine samples weekly and fecal samples monthly. 
In vivo counts were also scheduled monthly. 
The total amounts of data obtained and periods 
covered are shown in TabIe 1, showing that the 

Table 1. Pcriod and number of measuremtnts 

Number of measurements Period 
(days) In vivo Urine Fecal 

Case 

Y-1 1660 39 112 17 
Y-2 2130 62 178 67 
Y-4 2000 55 206 56 
Y-5 1730 47 139 43 

shortest period of coverage was 1660 days- 
almost 5 yr-and that there are as many as 
300 measurements on some individuals. 

Tables 2 through 5 give the individual 
in vivo measurements and the monthly averages 
of urine and fecal results obtained since the 
initial period. Data from the initial period 
were tabulated in the previous report'l) in the 
same format used in these tables. Table 6 
gives a quick resume of the levels encountered 
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Table 2. Case Y-1 

In vivo Urine Feces 
Llonth 

No. of Avg. X O .  of Avg. 
Date pCi samples (pCi/dav) samples (p(=i/day) 

11-18-64 
1-12-65 

3-2-65 
4-5-65 
5-27-65 
6-24-65 
7 - 2 0 - 6 5 
8-23-65 

10-14-65 
12-14-65 

2-25-66 

5-19-66 
6-24-66 

17,500 
11,251 

16,636 
10,432 

4500 
0 

10,704 
9272 

7774 
6954 

5863 

5045 
5795 

1-65 
2-65 
3-65 

6-65 
7-65 
8-65 
3-65 

10-65 
12-65 

1-66 

4-66 
5-66 

0.1 
3.3 

22.3 

. 

6.6 
9.1 
0.1 
0.1 1 0.1 

1 2.4 
1 7.3 
1 0.1 

3.8 1 0.1 
8.6 1 6.8 

in the in vivo measurements. As a point of 
reference, 17,000 pic0 curies (pCi) have been 
calculated to be the Maximum Permissible 
Lung Burden. Note that the levels run from 
about three times the MPLB to one-third the 
MPLB. Table 7 shows similar data on the 
urine and fecal levels Traditionally Y-12 
hasused 32 pCi/day as a urine level action 
point. Note that all urine levels fall below this 
action point. It is noted the fecal levels are 
generally lower than urine values and always 
below the urine action point. 

INTERPRETATION AND COMPARISON 

Datu treatment 
The data were reviewed by plotting the 

results of in vivo measurements and the monthly 
averages for urine and fecal samples on semi- 
log coordinates. Straight lines appear to give 
good fits, indicating that single exponential 
expressions would adequately represent the 
data. On  the basis of this observation, computer 
programming was used to determine the least 
squares fit. Figure 1 illustrates the technique 
graphically, showing a plot of the in vivo 
data from case Y-2 and a line rcpresenting the 
computer determined curve. 

In vivo 
Figure 1 also shows the least squares line 

determined from data at the time of the previous 
report as it compares with that for the total 
period. There is little difference in the slopes 
and intercepts. Included in the computer 
program was a'determination of the statistical 
confidence limit associated with the slope of 
the lines. This slope information was used to 
calculate half-lives and the statistical confidence 
associated with these half-lives. Figure 2 
shows the half-lives computed for the in vivo 
measurements and their confidence limits. 
I t  was assumed that the half-life had changed 
from the initial estimate if the confidence 
limit did not cross the half-life value calculated 
for the initial period. The half-lives for the 
initial report are included for comparison. 
The figure illustrates some tendency toward 
longer half-lives but also shows that there is 
little statistical difference in the half-lives 
determined for these employees for the two 
periods. 

Urinalyses 
Figure 3 shows the half-lives calculated from 

the monthly average urinalysis data for the 
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Table 4. Case Y-4 
- 

In ciuo Urine Feces 
\lonth 

so .  of A V q .  s o .  of Avg. 
Date pCi samples (pCi/da!J) samples ( P C W Y  1 

3-4-65 
4-1 -65 
5-7-65 
6-7-65 
7-8-65 
8- 17-65 

10-25-65 

12-8-65 

9-23-65 

2-23-66 
3-23-66 

5-6-66 
6-14-66 
7- 18-66 
8-23-66 

11-13-66 
1 1-9-66 

1-3-67 
2- 1-67 
3- 16-67 

5-5-67 
6-8-67 

8-15-67 
9-8-67 

10-4-67 
1 1-6-67 
12-4-67 
1-8-68 
2- 1-68 
3-4-68 
4-2-68 

15,477 
17.93 1 
18,068 
18,545 
17,931 
20.658 
13.909 
13.909 

16,703 

1 1.866 
12,140 

10.912 
19,912 
14,186 
1 1,458 

11.594 
8048 

13,367 
12,071 

8048 

9002 
12,830 

14,322 
9548 

1 1,458 
11,578 

8184 
907 1 
8389 

13,572 
12,617 

1-65 
2.65 
3-6.5 
4-65 
5-65 
6-65 
7-65 
8-65 
9-65 

10-65 
1 1-63 
12.65 

1-66 
2-66 
3-66 
4-66 
5-66 
6-66 
7-66 
8-66 
9-66 

10-66 
1 1-66 
12-66 
1-67 
2-67 
3-67 
4-67 
5-67 
6-67 
7-67 
8-67 
9-67 

10-67 
1 1-67 
12-67 

1-68 
2-68 
3-68 
4-68 
5-68 
6-60 

4 
2 
5 
5 
3 
4 
2 

2 
3 
I 
3 
3 
1 
4 
4 
4 
3 
3 
4 
5 
5 
2 
4 
3 
3 
5 
2 
2 
6 
2 
4 
3 
4 
2 
2 
3 
3 
3 
2 
2 
2 

15.8 
5.6 
0.1 
1 .o 

30.0 
6.1 

26.1 

0.1 
0.1 
2.3 
8.0 
3.8 
0.1 

21.8 
2.5 

17.1 
0.1 
6.0 

11.3 
5.0 

14.9 
5.8 

13.0 
5.3 
0.1 
1.5 
7.9 
0.1 
7.3 
0.1 
5.0 
5.7 

10.4 
0.1 

23.2 
11.4 
9.1 

25.8 
13.0 
9.7 
8.3 

I 
1 
1 
1 

1 

1 
1 

1 
1 

1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 

1 

2.6 
0.6 
0.9 
0.1 

1.7 

11.8 
7.3 

0.1 
14.4 

3.2 
0.4 
1 .o 
0.3 
1.4 
1.4 

0.1 
13.5 
0.1 
0.1 
0.1 
0.1 
2.0 
4.8 
1.2 

0.1 
0.9 

24.0 

._ 
* 

c 
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Table 5. Cue Y-5 

In ciro Urine Feces 
l l o n t h  

s o .  of Avg. so. of Avg. 
Date pCi samples (pCi/day) samples (pCi/day) 

2-1 5-65 
3-4-65 
4- 1-65 

6-7-65 
5-7-65 

7-9-65 
8-1 7-65 
9-23-65 

10-25-65 

12-8-65 

2-23-66 
3-22-66 

5-6-66 
6-14-66 

9-14-66 

I 1-9-66 

1-3-67 
2-1-67 
3-29-67 

5-5-67 
6-29-67 

8- 15-67 
9-8-67 

10-4-67 
I 1-6-67 
12-4-67 

1-8-68 

3-1-68 
4-2-68 
5- 1-68 

18.700 
16,232 
17,800 
15.413 
22,301 
2 1,074 
14,595 
17,255 
16,914 

17,255 

13.299 
12.003 

10,230 
14,663 

15,345 

13,572 

11,526 
9480 

10,571 

10,093 
13,367 

1 1,867 
7775 
8320 

11,185 
17,186 
11,253 

16,095 
15,209 
13,23 1 

2-65 
3-65 
4-65 
5-65 
6-65 
7-65 
8-65 
9-65 

10-65 
1145 
12-65 
1-66 
2-66 
3-G6 
4-66 
5-66 
6-66 
7-66 
8-66 
9-66 

10-66 
11-66 
12-66 

1-67 
2-67 
3-67 
4-67 
5-67 
6-67 
7-67 
8-67 
9-67 

10-67 
11-67 
12-67 

1-68 
2-68 
3-68 
4-68 
5-68 
6-68 

1 
5 
3 
2 
4 
3 
1 
4 
4 
3 
3 
3 
3 
5 
4 
3 
3 
3 
2 
5 
5 
3 
4 
3 
3 
2 
3 
5 
3 
1 
4 
4 
3 
3 
I 
3 
2 
1 
2 
1 
2 

0.1 
0.1 

10.5 
36.2 
1-1.2 
21.9 

3.1 
0.1 
3.8 
4.5 
0.5 

11.8 
4.9 

12.9 
5.9 
0.1 
I .o 

10.2 
3.2 
0.1 

19.6 
9.6 

11.5 
1.5 

12.7 
10. I 
8.6 
1.5 
9.9 
3.1 
6.5 
1 .o 

12.1 
0.1 
8.5 
0.1 

16.9 
7.2 

22.7 
6.3 

16.2 

1 

1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 

1 
1 

1 
I 
1 

1 

1 

1 

1 

1.3 

8.2 
10.2 
5.5 
6.4 

10.9 
1.3 

14.2 

8.0 
1.2 
8.6 

10.5 
6.6 

7.2 

0.1 
0.2 

9.4 
4.4 

28.6 

0.1 

8.4 

0.1 

3.3 

two periods. There is a tendency toward longer the haIf-life for the total period statistically 
half-lives, with three of the four cases showing different from that of the initial period. 
longer half-lives for the total peroid. Although 
it  is not sho\vn in this figure, the calculated Feces 
confidence limits show that only in the case of Figure 4 shows the half-lives derived horn 
Y-5 which has an indicated positive slope is the fecal data for the two periods. The fecal 
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FIG. 1 .  In vivo measurements, case Y-2. 

T a b b  6 .  Leuels of in viuo measurements pCi data obtained were so variable that there is no 
statistically significant difference in any of the 

End of first half-lives shown by the cases between periods. 
Case Initial report period report period This is true even, in the case of Y-4, where 

there is apparently a much shorter half-life. 
Y-1 45,000 1 3,000 6000 

Fecal to  urine ratio 
Y-5 21,000 19,000 1 1,000 The total amount of uranium excreted by 

urine and feces was estimated by integrating 
the functions obtained from the least squares 
fit- Figure 5 shows the ratio of the amount 
excreted by feces to that excreted by urine. 
The ratio obtained at the time of the previous 
report is included for comparison. It is of 

Case Initial period period interest that the ratios have decreased in all 
cases. However, the elimination by feces for 

Y-1 30 4 1 this period is still a large enough fraction of 
Y-2 28 7 1 the total that it must be considered a significant 

Y-5 3 3 4 

Y-1 8 4 L 1  Ratio between drop in chest measurement and total 
Y-2 14 7 2 excrcted 

End of present 

Y-2 41,000 2 1,000 10,000 
Y-4 22,000 16,000 10,000 

Table 7 .  Levels of urine and fecal measurements (pCi/day) 

End of End of 
first report present report 

t 

Urine Y-4 5 4 3 mode of chest clearance for uranium. 

Fecal Y-4 8 3 L l  
Y-5 20 8 L 1  Thc ratio of the drop in the in viuo chest 

measurements to that excreted by the urine 
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FIG. 2. Half-lives as derived from in uiuo data for two periods.* 
Periods: Initial-From the time of the first elevated in uiuo 

measurement to early 1965. 
Total-From the time of the first elevated in vivo 

measurement to July, 1968 (as available), 
Numbers in parenthesis are the lower and upper 
statistical confidence limit on the “total” half-life. 

and feces is shown in Fig. 6. Included for 
comparison are like ratios from the previous 
report. With the exception of case Y-1, these 
ratios are as near or nearer to unity than those 
previously reported. In case Y-1 it is believed 
that the high drop in chest measurement to 
excreted ratio as well as the low fecal to urine 
excretion ratio shown in Fig. 5 is associated 
with a low fecal elimination estimation. Only 
17 fecal samples were obtained from this person 
in the 55-month period during which she was 
monitored. These samples were bunched and 
covered only two periods of nine months and 
eight months with a lapse of 26 months between. 
As shown in Table 1, data from other cases, 
are much more complete. 

J v 

STUDIES TO BETTER DEFINE PROBLEM 

Selection and charact,rization of kossible exposure 
materials 

In  the period since the last report, further 
efforts have been made to better delineate the 
reason for the long retention periods in these 
persons. One of these has been reported bi, 
STECKEL and WEST.‘?) In  this effort 22 different 
process materials were selected as suspect 
exposure materials on the basis of detailed 
work and exposure histories of the employees 
involved. These materials were subjected to 
extensive chemical and physical tests to deter- 
mine which of them would most likely result in 
high biological insolubility. These tests consistyd 
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FIG. 3. Half-li\,es as derived from urinalyses data for two periods.* 
Half-life, days 

* Periods: Initial-From the time of the first elevated i n  vivo 
measurement to early 1965. 

Total-From the time of the first elevated in vivo 
measurement to July, 1968 (as available). 
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FIG. 4. Half-lives as derived from fecal data for two periods.* 
* Periods: Initial-From the time of the first elevated in vivo 

Total-From the time of the first elevated in vivo 
measurement to early 1965. 

measurement to July, 1968. 
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'f-1 
INITIAL L ! : . 5  
TOTAL 

y-2 INITIAL t-10.9 

P TOTAL 

-e) 

9 INITIAL 1 .o 

Y TOTAL 

- . 3.3 
Y-5 

-- INITIAL ~ 

TOTAL 

0 1 .o 2.0 3.0 3.5 
Ratio 

FIG. 5. Ratio of fecal excretion* to urine excretion for two periods.? 
* Fecal excretion (pCi)/urine excretion (pCi). 
t Periods: Initial-From the time of the first elevated in  uiuo 

measurement to early 1965 
Total-From the time of the first elevated in u k o  

measurement to July, 1968 (as available). 

days,(3d) thus 

of a check for solubility in a simulated lung Ani,nnl exb~n'mentalion 
fluid as well as characterization as to uranium 
content, chemical composition, particle size Previous animal experiments using oxides 
and contaminants. Twelve of these compounds, of uranium indicated a lung or chest half- 
all containing uranium oxide, appeared to life of approximately 120 
have the characteristics necessary to make them introducing an  apparent contradiction between 
possible exposure materials. These oxides animal data information and the experience 
differed in solubility by factors of up to 50, with these Y-12 employees. However, further 
with indicated half dissolving times in simulated comparisons indicated that the selected likely 
lung fluids of from 500 to 26,000 days. Further ekposure materials have a larger particle 
experimentation and evaluations of the data size, higher heats in their thermal histories, 
led to the conclusion that the solubility of and greater Concentration of contaminants 
uranium oxides decreased with increasing par- than did the oxides used in animal studies. 
ticle size and temperatures of formation; Because of these differences it was decided 
facts accounting for the variability of the soh -  that it would be helpful if animal data were 
bility of oxide samples. obtained using the most insoluble of these 

The information obtained from the various materials. Consequently, an animal experiment 
tests led to .the selection of three process using dogs was arranged through the -4EC 
combustion oxides containing U308 as the most and is presently being conducted by Dr. JV. .T. 
likely exposure material. BAIR'') at  the Battelle 

) 

- 
Korthwest Laboratcry. 



790 URANIUAl C;\SES SHOJL’ING LOSG CHEST BURDEN RETEXI’ION 

Y-1 
INITIAL 
TOTAL 2 .  I 

Y-2 
INITIAL 1 . 1  

TOTAL 
V 
.- 
L 
0)  
0. 
V c Y-4 

INITIAL 
1 TOTAL 1 .1  U 

Y-5 
INITIAL 0.7 
TOTAL 0.7 

1 I I , I I 

0 0.5 1 .o 1 . 5  2.0 2 . 5  

Ratio 
FIG. 6.  Ratio of drop in chest measurement to total excreted+ for two peri0ds.t 

* Drop in chest measurement (pCi)/sum of integral of urine and 

t Periods: Initial-From the time of the first elevated in vivo 

Total-From the time of the first elevated in oiuo 

fecal functions (pCi). 

measurement to early 1965. 

measurement to July, 1968. 

Respiratory test facility 
In early 1964 a respirator test facility was 

installed in Y-12 and a routine program insti- 
gated to check respirator fit on individuals 
whose job assignments require some wearing 
of respiratory protective devices. These tests 
revealed that women in general (and these 
four employees specifically) were difficult to 
fit with respirators. It has not been possible, 
however, to establish any direct relationship 
between respirator fit and the nature and 
magnitude of these exposures. 

are not statistically significant on an individual 
basis a t  this time. Fecal excretion continues 
to be a significant mode of elimination although 
the ratio of fecal to urine excretion showed a 
decrease since the prior reporting. Material 
balance in general showed better agreement 
than at the last reporting. Although efforts to 
delineate the cause and nature of the problem 
of long chest half-lives have brought out some 
interesting facts, they have not established the 
reason(s) for the unusual retention patterns 
exhibited by these persons. 

CONCLUSIONS 
SUMMARY The conclusions reached after this review 

Four employees who showed a long chest of the data are basically the same as those 
retention of enriched uranium have been reached in the first report, Le.: 
sampled for periods of up to three and one-half 1. A very small percentage of Y-12 employees 
years since their data were last reported. were exposed to uranium of a form which 
Additional data do show some indication of continues to show a long half-life in their 
longer biological half-life, but these indications chest. 

c 
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2. Fecal excretion is a significant mode of 
elimination in such cases. 

3. Relatively hiqh chest burden coupled with 
low excretion rates tnakes it difficult, if not 
impossible, to evaluate such cases with 
excretion data. 
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