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A COMPARISON OF URANIUM CASES SHOWING 
LONG CHEST BURDEN RETENTIONS 

C. M. WEST and L. M. SCOTT 
Union Carbide Corporation-Nuclear Division Y-12 Plant, Oak Ridge, Tennessee 

(Receicea 10 December 1965; in rrvisrdform 9 March 1966) 

Abstract-Routine in ciuo gamma spectrum measuremene have been made to estimate 
internal exposure to uranium for approximately 2500 persons at the United States Atomic 
Energy Commission's Y- 12 Plant. \ V i t h  only five exceptions, all cues exhibited normal eliinina- 
tion patterns. The five exceptionsshowed extended biological half-lives of from380 to 1470 days. 
The detection of these cases was possible because of the use of the direct-mciuuring technique 
of in uivo spectrometry. I n  vivo, urine and fecd data on these penons have been obtained and 
evaluated. The uranium urine excretion rate was found to decrease more rapidly than the 
chest burden. The urine and fecal elimination rate on these employees after their removal from 
uranium exposure was detcrmined to be about equal. 

EVALUATION OF THE CASES 
Ix!wduction 

3uckgrottnd. For years, health physicists in the 
uranium industry depended almost exclusively 
on urine analysis to estimate internal exposure 
to uranium. More recently, in uiuo gamma 
spectrometry utilizing the 186-keV gamma 
radiation associated with the uranium-235 LO- 
tope has been used to evaluate uranium chest 
burdens. Cases involving an  elevated chest 
hurden detected by such a technique have been 
reported by  FISH,(^) SAXBY et uL(293' and Scorn 

In the Y-12 Plant, this technique has been 
used routinely for the last 4 years in estimating 
the internal exposure to uranium of some 2500 
employees. 

Scoflc and purpose. Of the cases sliowing de- 
tectable chest burdens during this period, five 
have indicated burqcns which exhibit an un- 
expectedly slow decrcase after the persons were 
assigned to nonuraiiiiim activities. 

The purposes of this report are to: (1) present 
the in  uiuo, urine and fccal monitoring results on 
these pcrsons; (2) compare these data to that 
from similar cases previously reported; and (3) 
describe briefly the continuing efforts that are 
being made to delineate the reasons for these 
unusuai retention pattcrns. 

and 
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Datu 
In vivo data. Tables 1 through 3 give the 

individual in uiuo datum for the five cases under 
consideration. Urine and fecal data, averaged 
for monthly periods, are shown for comparison. 
Examination of these data will show that the 
variability of the excretion data, especially the 
fecal, is reiatively greater than that for in vivo 
data. 

The data in these tables were used to derive 
the best fitting exponential curves by computer 
programing. Computer computations and visual 
checks of the plotted data indicated that this 
single exponential equation fit was as good or 
better than that of a power function or multiple 
exponential function for these data. Conse- 
quently, for ease and clarity of presentation all 
graphs in this report present the data in the form 
of best fit curves derived in this fashion. 

Figurc 1 shows the curves for the in vivo data. 
The  slopes give a visual index of the half-life 
which is shown in parentheses after each case 
designation. The shortest half-life is 380 days; 
the longest 1470 days. The abscissa s h o w  how 
long these employees have been monitored since 
their first elevated in  vivo measurement. Sub- 
sequent measurements were made on a monthly 
basis. 

Figurc 2 compares the Y-12 cases with the 
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Table 3. Case Y-3 

Urine Feces 
I J ~  U I L O  

I Sumber of Average Number of Average 
Date P C  >lonth samples PcIdaY samples P C b Y  i 

1-1 1-63 

3-0 1-63 
4-02-63 
5-09-63 
5-24-63 

7-25-63 
! 

3-27-63 
I 

1 1-1 8-63 I 
f 12-20-63 
i 1-28-64 I 

22,200 1-63 
2-63 

‘2 1,400 3-63 
21,100’ 4-63 
12,500 5-G3 
13,100 

13,700 7-63 
6-63 

8-63 
7200 3-63 

10-63 
6,500 11-63 
2,100 12-63 
9000 1-64 

2 4 4  
3 -64 

1,700 4-64 
4,800 5-64 

4 16.2 
3 26.1 

, 4  22.9 
4 51.7 
3 22.0 

3 18.9 
4 14.8 
2 15.3 

a. 1 

7.6 3 22.2 
5.4 4 9.8 
5.4 2 17.6 

10.3 3 12.5 

5.4 2 9.2 

12.6 
10.8 

6.3 2 17.8 

1 1,300 
16,100 
14,300 

5900 8-64 9 8.5 2 6.5 
7800 9-64 2 8.3 
8400 1044 4 4.0 2 12.6 
4800 11-64 1 13.5 
4100 12-64 4 12.1 2 6.4 . 

io,aoo 
145 4 5.0 4 10.2 

3500 

4-03-64 
5- 19-64 
6-09-64 
6- 19-64 
7-2 1-64 
8-2 1-64 
9-2 1-64 

10-2 1-64 
11-27-64 
12- 14-64 
12-28-64 

2-08-65 

* Designates last count before removal of employce from uranium handling areas. 

longest and shortest half-life to a referencc line 
which starts a t  the level which would give the 
lung a dose of 15 rem/yr and drops with the 
half-life of 120 days assumed for insoluble 
uranium by both thc IC1Wti’ and N C R P 7 )  in 
calculating uranium air limits with the lung as 
thc critical organ. ‘l’he cases rcported by FISH 
(Case 1) and SASUY (Case UR-2) arc also sliown. 
Cases 1 and UR-2 show one or more fastcr corn- 

with half-lives of 390 and 300 days, respectively, 

results were elevated. They have continued on 
such a program but have shown no urine results 
of the magnitude usually considered indicative 
of the likelihood of a significant lung burden. 

,Figure 3 shows the piots of the monthly 
averages of urine samples given by these pen on^. 
These csponential fiiiictions slio\v half-lives of 
from 300 to 460 days, indicating a faster decline 
in the excretion rate than in the chest burden. 

.. . poncnts. However, their longest component Figure 4compares two representative functions 
& -  a.: ; from Fig. 3 with thc urinalyses excretion curve 

are compar.hle in half-life with C a c  Y-3 but arc 
much shortcr in half-life than theotlier “Y” cases. 

CJrina[aws. Thcsc five employces were par- 
ticipating in a routine urinalysis program a t  the 
time it was revealcd that their in uiuo monitoring 

for a lung burden a~nount  based on a 120-day 
half-life and two-thirds of the uranium being 
eliminated from thc lung being excreted in the 
urine. Also compared is Case I ,  which show 
the highest excretion rate of all casts under 

I 
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Table  4. Care Y-4 -- - Urine Feces 

Ill i1;o Sumber of Average Number of Average 
i h t c  PC Month samples pclday samples PC/dV 

'1B,200 * 2-63 4 10.8 

26,500 4-63 4 13.5 2 9.9 

22,400 7-63 3 10.8 3 9.0 
8-63 4 5.5 

3-63 3 13.0 

20,800 
18,600 5-63 4 9.4 4 7.8 

6-63 4 8.5 4 5.6 

18.300 
13.500 
25.000 
16.900 

7300 
23,800 

20,700 
22,400 
18,600 
20,000 

20,400 
13,300 
17.500 

9-63 
10-63 
1 143 
12-63 
1-64 
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4-64 
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9-64 

10-64 
1 1-64 
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5 
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3 
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1.8 6.7 
3.1 6.7 

6.7 
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1 4.9 

151200 
18,200 

-. -. 
~ Dcsrgnatcs 1 s t  count before removal of employee from uranium handling areas. 

Table 5. Case Y-5 -_ 
Urine Feces 

Average IVumber of Average In vivo Number of 
Date PC Month samples Pc/daY samples M a y  

11-18-63 23,000 
12-03-63 25,200* 12-63 3 9.0 
1-06-64 18,200 1-64 2 6.3 
I - 10-64 22,600 
2-IO-(i.I 20,100 2-64 4 10.3 4 26.4 
3- 10-G4 25,300 3-64 3 7.5 
G-O?-G.+ 27,400 6-64 3 2.1 
7-nZ-64 20,200 7-64 3 3.1 
8-03-64 16,700 . . 8-64 4 2.2 3 27.0 
9-03-64 17,500 9-64 3 4.5 3 15.9 

1 1-2j-G.I 15,000 
12-09-64 16,700 

I 0-0 1-64 2 1,200 10-64 9 3.7 

I -08-Gj 23,400 1-65 2 6.4 1 7.2 
2-13-65 18,700 

2- 

Dcsignatcs last count bcforc: removal of cmployce from uranium handling arcas. 
. I  . ,  . .  

. ,  , ! : 
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FIG. 1. I n  civo measurement of chest burden. 

50,000 I I I I I I  I I I I 

I 

Days since Iirst elevated in WIWO measurement 

Fic. 2. Iii vicv measurement of chest burden (comparison). 
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Days since fint elevated in vivo measurement 

FIG. 3. Urinalyses. 

cc:;.sideration and two faster exponential com- 
p c x n i s  than the longest component of 240 days. 
' h e  urine escretion of UR-2 falls within the 
range of the other cases in magnitude and half- 
l i k  Case UR-2'2' showed an earlier 12-day 
ha!i-life component which is not seen in this 
tir;ure because its effect was spent prior to the 
first body count which came some 67 days after 
esposure. 

Cotn/~arison of in viuo and urine data. Estimation 
of the chest burden from urinalyses results 
rcquires tile assumption of some ratio between 
hurden and excretion rate. Table 6 presents a 
tabular comparison of the ratios of burden to 
urine excretion rate obtained in these cases for 
the periods from 1 to 1000 days as data are 
availablc. Note that all cases increase in ratio 
between the initial and final determination, and 
that there is considerable variability between 
individuals giving ratios which rangc from 270 
to 5700. 

Fecal nnalyses. Uranium analyses have been 
made on fecal samples from these individuals 
for a sulistnntial portiori of the time since their 
rcmoval frnm uranium esposure. 

Figure 5 shows the function for the monthly 
averages of tile fecal data and illustratcs thc 

periods of time covered. These fecal excretion 
curves vary in half-life from 260 to 1930 days. 
Figure 6 compares two cases from Fig. 5 with 
Cases UR-2 and 1. Case UR-2 shows a higher 
initial level of 200 pc and a two-component 
half-life curve with half-lives of 30 and 280 days. 
There is too little fecal data in Case 1 for 
meaningful curve comparison, but the level 
obtained during the short period of sampling 
is shown. 

Comparison of excretion and in vivo data. The 
fecal-to-urine ratios for all cases are given in 
Table 7. In  every case except Case 1, this ratio 
shows feces elimination to be a significant means 
of clearance, proving that weight must be given 
this mode of elimination when considering ex- 
cretion limits or retention pararnetcrs. As pre- 
viously shown in Fig. 6, the fecal sampling in 
Case I covers only a very short period of time 
(i.e. five samplcs over a 3-day period). The 
ratios of the total cxcretion rates to the in vivo 
measurement, for the periods for which fecal 
data are available, are reportcd in Table 8. 
These ratios consistcntly increase with time since 
exposure, showing further that excretion is de- 
creasinq more rapidly than chest I n d e n .  HOW- 
ever, this situation could change with timc on 
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FIG. 5. Fecal analyses. 
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Y-3 Y-1 UR-2 Y-2 Y-4 Y-5 1 Ratio* 

Initial 270 1100 1700 2200 1600 2100 3200 
Final 610 1600 2200 3100 3800 4900 5700 

* Chest burden (pc)/urine excretion rate (pc/day). 

Table 7. Rufio of fecal excrction to urine excretion (integral of functionr over 
period covered by fecal analyses) 

case 

Y-1 Y-2 Y-4 UR-2 Y-3 Y-5 1 

1.0 1.1 1.6 3.3 Ratio' 0.1 0.5 0.9 

Fecal excretion (pc)/urine excretion (pc). 

Table 8. Ratio of in vivo measurements to total excretion rate 

Case 
Ratio* . 1 Y-3 UR-2 1'-5 Y-1 Y-2 Y-4 

Initial NAf 520 200 320 1200 900 1300 
Final N h t  540 1200 1300 1400 1800 1800 

Chest burdcn (pc)/urinc plus fccal excretion rate (pc/day). 
t Not mailable. 
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Tubie 9. Ralio of drop in chesi measiirements to total excreted (for pcriods of 
time corered b-v feca l  anabses)  

Case 

Y-4 Y-5 1 Y-3 Y-2 Y-1 UR-2 

Ratio' 0.7 0.7 0.9 0.9 1.1 1.6 2.6 

* Drop in chest measurements (pc)/sum of integral of urine and fecal 
functions p c : .  

Cases Y-3 and Y-4 since their fecal-excretion 
function shows a lonqer half life than does their 
chest-retention [unction. 

.A material balance was calculated on all cases 
for the periods covered by fecal analysis. The  
ratio of the amount of drop shown by in v i m  to 
total escreted is shown in Table 9. These ratios 
are !vel1 within the limits of error of these 
measurements with the exception of Cases Y-1 
and UR-2. Tlie imbalance in Case Y-1 is 
believed to hinge around the fecal data. Note 
from Table 1 that the fecal data in  this case are 
sparce and cover only a short period of' time. 
Table 7 shows that Y-1 had the lowest fecal-to- 
urine excretion rate ratio of the Y cases. These 
facts suggest that fecal data on this case under- 
estimate the actual fecal excretion. 

T h e  imbalance in the case of UR-2 is believed 
to be the result of in vivo measurements which 
are low. In  all the Y cases, unexpected and 
unexplained drops in body count (greater than 
could be accounted for by statistical variation) 
have bcen experienccd. These low measurements 
have been followed by measurements which fit 
the general pattern of the rest of the in vivo data. 
Examples are: (1) the drop of 9000 pc between 
3-2342 and 4-25-62 in Case Y-1 ; (2) the drop 
ofalmost 18,000 pc between 12-27-63 and2-27-12 
in Case Y-4; (3) the drop of' 11,800 pc between 
11-1242 and 12-9-62 in Case Y-3; and (4) the 
drop of 7000 pc bctwccn 12-3-63 and 1-6-64 in 
Case Y-5. It is predicted tha t  if subsequent 
in vivo measurements are made on UR-2 that 
they will indicate a highcr level and consequently 
there will be a bettcr material balancc. 

' 

INVESTIGATION OF THE CASES 
A dctailed compilation of work and exposure 

histories on thc live Y cases and comparison with 

other employees doing similar work has failed to 
reveal either the specific source or nature of the 
exposure. Comprehensive physical examinations 
of the people involved revealed no abnormalities 
which would help to esplain the long biological 
half-lives exhibited, or any detectable ph>-sical 
harm from the exposures incurred.t8' The 
physical and chemical properties of likely ex- 
posure material are presently being studied in 
detail. Such a study may lead to.an investigation 
by animal experimentation to help define which 
exposure materials give such retention patterns. 

SUhIMARY AND CONCLUSIOSS 

Summary 

Five persons out of some 2500 monitored by 
in vivo spectrometry for uranium in  the Y-12 
Plant have shown chest burdens with biological 
half-lives ranging from 380 to 1470 days. 
Monitoring data from these persoiis show ratios 
of chest burden to urine excretion rate of from 
270 to 5700. Comparison with cases previously 
reported reveals that the 1- cases generally show 
retention functions with longer half-lives. EX- 
cretion functions in the E' cases did not eshibit 
the initial shorter half-live components found in 
Cases 1 and UR-2. Investigations have not to 
date delineated the reason for these unusual 
retention patterns. These investigations are 
continuing. 

Conclusiorts 
The following basic conclusions were reached 

as a result of this study, 
(1)  There are  certain forms of uranium 

handled in the Y-12 Plant which have long 
biological half-lives in the human chest. 

(2) Tlie chances of significant exposure to 
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si.rIt  matcrials under the work conditions ex- 
pc:imced in the \'-12 Plant over the last 4 years 
3: t rclatively remote. 

3 )  Fccal excretion is a significant mode of 
c.i:;iination in such cases. 

I 4 j  High and variable chest-burden-to-ex- 
cx'ion-rate ratio make the detection and 
e....luation of such cases by escreta analyses 
?.!..:ie estremely difficult if not impossible. 

REFERENCES 
i .  it. R. FISH, Inhafed Particles and Vapors, p. 151. 

"crgamon Press (1961). 
2 .  I\'. S. SASUY, S. A. TAYLOR. J.  GARLGD. J. 

I).L'NDO ant1 D. SE~VTOX, Asscssmcnf 0-f Radioacfivzly 
. 1 J h ,  \'ol. 3, p. 11 Pergamon Press ( I % + )  . 

3. \V. N. SAXUY, D. SEWTON and S. .\. TAYLOR, 
personal communication. 

4. L. 11. SCOTT and C. &I. \VEST, Asscssmrnt o/ Radio- 
activity in ibfan, Vol. 2, p. 523 Pergamon Press i 1964) 

5. L. M. SCOTT and C. M. \VEST, An evaluation of a 
U,O exposure with an estimate of systemic body 
burden, Presented at the Tenth .innual Health 
Physics hleeting, Los Angeles (1965). 

6. Report of ICRP Committee I1 on Permissible Dose 
for Internal Radiation (1953) with Bibliography 
for Biological, Mathematical,. and Physical Data, 
Health Phvs. 3, 1 (1960). 

7. Nail. Bur. Stand. Handbk. 69 (1959). 
8.  C. R. SULLIVAN, Jr., Personal communication. 


