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ABSTRACT 

The mst rersonable nethod of detecting tritium in the body 

is by urfna2ysia. A detailed procedure, in use at L&L since 

1953, is given for 88tiMting the whole body exposure -+ma 8 

known concentration of t r i t l .um i n  the body ustor, A8 presented 

it i s  baped on 19% accepted standards of  a permissible body 

burdez of 3.7 mc, a 43.4 kg critical organ (total body uater), and 

a 1.7 R E  for tritium in the body, 
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I, -- -.. 
It hapi been found at  the fbs Alunos Scientific Laboratory ( W L )  

that perrons wclrkfng w i t h  tritium inevit&ly tmke ermpU quantities of 

tritium into their bodiear ~ooner OT later. This intake is the result 

of inhalation, sk in  absorption, and ingerrt~on. Although coneiderable 

rcaeirch bas been dmc on the uffeets of tritium in the bodj, no 

iuethadr have been FubUshrd for comgrltfng the whole body oxporure 

resulting k.am the intake of this naterid. 

methsd i n  use at LASL for computing the uhole body exposwe result 

ing h.m the inteke of tr i t ium is prrsented. 

In this paper, the 

Tritirn is ueuaffy taken i n to  the body In the form of tritium 

water. 

processes as nomalueter, 

Lanft,m that the trltim activity i n  aweat, insensible perspiration, 

expired water v~por, sputum, urine, and blood w a s  found tc be the 

stme* ThereTars, the most reasonable method of detecting tritium 

in the body is urinalysis. 

I1 t - sas_i~p~arpl~s_~~-~thod-qf_~dcul ation 

It rcts as normal, water and folkrwa the s m  biological 

It hac been reported by Pinson and 

1 

Cver the paeta ssveyal y e a s  there hss beear mnaidorable discus- 

sior: as to the appropriate composition of the 70 kg sfendard man and 

a S c  m to the RBf (relative biological effectiveness) o f  k i t i t t m .  

'JntU. scae agreement on these numbers could be ce8clzed, an acceptable 

figure far the maxlmurn per;aiasible body burden muld  not be established, 
+I 
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Such a cozprosfse UDB reachad in 1956, und the  results arc discussed 

fully in the paper ''Phyriolcgy and T o ~ f c o b g p  of Tritium in l?m'' by 

Pinmn (md Irulghuh3 

In the 1953 edition, the NBS Handbook 52 value2 of thc mxtnru~~ 

pcrralarlble body burden of tritium ueb 10 mc; 

RBE for the tritium brtr  particles of 1.0 utd the critic& orean 

b6ing the whole body (70 kg) The 1956 compromise bet the tatd 

body water (43.4 kg) 8s the critioal organ md the R E  f o r  tritiw 

88 1.7. 

burden of 3.7 mc tb give LI 0.3 r d w k  dose to the whole body, The 

elimhution half life, baaed on the 43.4 ke c r i t i c s l  organ, i8 l2,O 

d q s .  

for tritium are included in 8 prepublication capy o f  the revised 

NES Handbook 52. 

this w a e  based on dn 

Thssa figures result in a m a i m  petnissible c o n s t a t  bo* 

The 3.7 ate body burden, 43.4 kg critical organ, ard 1.7 FLBE 

A t  this Laboratory tritfum urinslyeea are expressed In xicro- 

Curie8 per l i ter (I&). Tha constant body concentration ( M P C ) ~ ~ ~ ~  

which will deUver 0.3 r&k is 

The problem fn mat came I s  not that of constantly maintained body 

mncentrstiona of  tritium, Rather it i s  that of occasional acute 

body concentration which io expanentially eliminated, and w.hich 

exposes the body in an exponentially decressing mannor. The 

LANL 
-6- 



dose (D,) at my t ine  t after an acute intake of tritim may be 

(“Ibd, = 85 ,a/l 

\ = actual meuup.d acute body concentration 
(?-c/l) in taste? of urine or other body 
u ater 

= s l i d n a t i o n  half rife { s t d .  m n )  fn weah 

= u/7 = 1.7U weeks 
tl/z 

Integrating we have 

A t  t = 0 (i.e,, after dll significant trltim 1s elirnninated) 

D = 0.00873% rem (2) 
0 

In some C M ~ S  it is practical to meawe the actual e l imins t ion  he l f  

life exhibited by the person receivfng the exposure. In this case 

the exposure received is  

, D, 0.00673% X t&,IIU 0.00509~t~2 (3 1 

where tv2 It the observed elimination half l i fe  expressed in weeks. 

Fro= there considerations 8 methDd may be devised f o r  routine 

calculations of personnel expaurea fros ur indys i s  results. The 

r o u t i n e  method in use at LASL normlly entinates the dose received 

-7- 
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----e- 111, R o u t i n e  I_--- Method -L ._---,-I- of Dose Estimation 

For r5nplicity of calculation tw=, tables are provided. These 

-car hstw 88 Table I, Vractibn Expected in b i n e  B u s e d  on 12 DRY 

Half Life," and Table 11, Toted  Uhole Body Exposure After A l l  Tritium 

i8 B l i m i x ~ t e d . ' ~  

o r d e r l y  presentation of data to be calculated (see Exhibit 1). 

A work sheet w a 6  devised to provide a systematic and 

The report on tritium urinalysis contains the n e  and identi-  

fication of the person submitting the orunple, t h e  date the armaple uaa 

rubnritted, and the cloctst intagrd nuher of 1c/1 found in the urine. 

3a occasions when a high exposure is expecM, several eenples me 

Subzdttsd tn 8 single day. 

mise emh dqy is wed f o r  conputationel purposes. 

the analysis for tritium varies from 1 to 2 i c c / l  st a reprtcd 1 V C h ,  

from 9.5 t o  10.5 for e reported 10 /(c/l, Bnd f r m  99 to 101 f o r  B 

rcprted 100 w/ le  

The highest level encoLtntergd in the 

The accuracy of 

3 

The s t ep iee  procedure for  evaluating tritiufa Bxposures, using 

the work sheet shovn in Fkhibit 1, follows: 

1. 

2, 

Prepare 8 work sheet for esoh nevly encountsrd personl 

Should there be reported swersl  wdyires within 24 ht'ns, record 

the mmcm value in w/l as the acute expbsure for an individual 

for the date indicated. 30 not en* the c3lter lover v&ee on 

the work sheet, 

U O U b O b U  
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Time - in Dw 

1 
2 
3 
4 
5 

6 
7 
e 
9 
10 

31 
12 
13 u 
1 5  

16 
17 
18 
19 
20 

21 
22 
23 u 
25 

Fractian of 
hdi&tely 
heceding 
Sample 

0 .% 

0 0 8 4  
0.79 
0 075 

o .a9 

0.71 
0.67 
0.63 
0.59 
On% 

0.53 
0.50 
0.47 
0.44 
0.42 

0 e 4 0  
0.37 
0.35 
0 -33 
0.31 

0.30 
0.28 
0.26 
0.25 
0 b 2 4  

rime - fn D a y 6  

26 
27 
20 
29 
30 

31 
32 
33 
34 
35 

3 b 3 7  
38 

39-40 
41-42 
43-44 

454? 
48-50 
51-55 * 58 
55- 63 

64-72 
73-91 
92 OC 

h.rct ion of 
Immediately 
Prucding 
Sa;rrrple 

(3.22 
0.21 
0.20 
0-19 
3.18 

3.17 
3*16 
3 e 1 5  
3 .Id4 
3 .u 
3 .l2 
0 011 
0 . lo 
0 e09 
0 008 

0.07 
o .06 
0.05 
0 b o 4  

0.03 

0.02 
0.01 
0 .oo 
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d l  fn 
Ys42L 

0 
1 
2 
3 
4 
5 

6 
7 
8 
9 
10 
20 

30 
40 
50 
60 
70 
80 

90 
la0 
U O  
220 
I30 uo 

Body Exposiurs (ram) 
from Acute Dose u n a  

Elimfndad 

0 .Ooo 
0 ,009 
0 e o 1 7  
0.026 

0.04 
0,035 

0.052 
0.061 
0,070 
0,079 
0 ,087 
0.175 

0.262 
0 349 
0 e436 
0.526 
0 *6U 
0.698 

0.786 
0.873 
0 a 9 6 0  
1-05; 
l .U 
1.22 

- 10- 

P J 1  in 
lRfnc 
150 
160 
170 
180 
190 
XK]  

210 
220 
230 
U D  
250 
260 

270 
280 
290 
300 
400 
500 

600 
700 
6Dc1 
900 
1000 

1.83 
1.92 
2.01 
2.10 
2.18 
2 ma 

2.36 
2.44 
2.53 
2.62 
3.49 
4.36 
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No. o f  
Intel- 
Vmfng 
Dam 

4 2 8  

vu 
1/26 

2/2 

Wflt 

2/25 

3/10 

3/17 

3/24 

3/31 

(3 1 

4 3  
Stated 

In 
Rewrt 

35 

31 

38 

17 

8 

3 

2 

1 

1 

0 

(4) 

P C / l  
for I.rt 

DUt.8 

0 

35 

31 

3a 

17 

8 

3 

2 

1 

1 

Film Badge No.: Nane 

Group: %lo 

(6 1 (7 1 (8) 

Body Dose 
l.41 

Rrrmt 
of Con- :ell Due ta T 

OQItrt  for for CUP 
tion for C u r r e n t  rent Data, 
U t  Date Date rem 

-- 35 0.306 

12 19 0 e 1 6 6  

15 21, 0.210 

25 0 0 

8 0 0 

3 0 0 

1 1 0.W 

1 0 0 

0 1 00009 

0 0 0 - 
T o t a l  for quarter 0.700 rem 

0 0 0 b O b 3  
I. 
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In column 1 enter the date the urine smple w a s  s-tted, as 

stated on rapart of tritium u r i n d y s e s ,  Ee aure the dates o f  

8smples are l irtsd chronologically, 

In coltmmr 3 enter the mtrpber of &c/l for the corrrrpoading date. 

For a n d p e a  indicated as "lees than*' one ((1) , rucord a zero (0) 

(Note: 

report of tritium urhslyrres is received, md the remaining steps 

are conplotad after the  report of final wine  srrsay each quarter 

year fa  received. See next section for norxoutlne nigh acute 

mcpusures ) 

a) 

column 2 (No. o f  Intervening Days) 

b), For the second and successive aamplcs for 8 person, indicate 

the number of days betueen the current end the h e d i a t e l y  pre- 

ceding expaure in the same c o b .  

a) For the f irs t  sample indicate 

L a s t  Date) 

b) For the second and mcceasive samples, copy in colrrmn 4 the 

figure entered in the Furmediately precedlng line in column 3 [w/l 
at Stated in Report). 

a) For the first sanple, drev a daah (-1 Fn column 5 (Fraction 

Present of Concentrrtion f o r  hst Date) 

b) 

& practice, there four rtep are completed ubsnwer a 

For the first recorded ssmpls for a person, drw R dash ( 0 )  fn 

i e r o  (0) in coluam 4 (M/l for 

For second and successive rramplee, look up on Table f the 

LANL 
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v d n g  P w , ~  and enter thfs figure in column 5 .  

8 ,  a) For ths first suaple, dror u d a h  In column 6 ( 4 1  Prerent 

o f  Concentration for Last Date] 

b) For the  second md srcoe6aive saz@le6, farm the product of 

co lu rw 4 urd 5 (&/l far Last Date X Fraction Prrrcnt of Con- 

centration for Last Data), Then enter tha rmrllert whole m&or 

of this product fn cohtn 6 (dl Prtsent o f  Concentration for 

Last Date) 3 e .g., If product caner out 1'7.99, c m b r  17. 

(No-: This t rckdque of recording the mdorrt whole namber, 

whilc qpearing mathenieticd.3.y un~ound, is used to tha 

----- underestimation of low exposures. It, fn reality, overertimste8 

the a c t a  doae received.) 

9. 8 )  For the f iret  uample, enter the figme in coluam 7 (cLc/1 for 

b) For the rreccind Md successlvr rrm~les, subtract the f f p r e  

In column 6 (;Lc/I Resent of Concentration for but Date) f r o m  

the figurs enteral i o  oalunrc 3, end enter t N o  difference in 

columr! 7. If this difference is nugativs, sntor zero (0) fn 

place of the negative figure, 

10. b o k  up on T a b l e  SI the rtBody Pxposrrre ( tom)  kom Acute Doee 

Until Elb ir ta ted"  oomesponding to the figure entered in mitam 

7 and enter this in column 8 (Body Dose Dw to T for Current 

-13- 1 



I." , 

Date, rem) e 

the uxposuru corresponding to 313 clo/l rdd the WpSUreS of 

The values in T a b h  TI are  ddit f9t i  i .e.  I to f ind 

300 P J 1 ,  20 4 1 ,  a& 3 W h .  

U. For the t o t d  c#po~urss rasulting from tritium intJcs during 

the qU&Y'bT, 8Um t h e  apOBWU8 b COlUmn 8. 

--- N. Seecial -111-w- Procedggse ---- for High ----- A c u b  EXP36W06 

In order t o  control  tritium exposurer in li similar mmner to 

that of external whole body wtpoaures, 80me permissible intake l q e l  

had to be ratablisfied. Whcn this Umit I s  exceeded, it fa  the current 

practice at this Laboratory to rewvc the persor. exceeding It from 

dl uork fnvolving the riak of tritium intdre. 

It was decided to use that body concentration which, f f  not 

incremed, would result in an exposure of 0.6 rem in the first two 

week period f o l l a w i q  the intake. Usbg E q .  1, this i~ 121 */le 

In actual practice when a person mafntdns a level about 85 clc/l for 

eeveral days, it is suggested that he leave the area. 

repecfd corrections me nsde in the atposurs evaluatlon. 

However, no 

Usually, when the level of 121 bc/l is exceeded, it i a  grossly 

Zn addition to removing the person from the area of sxcrtded. 

potent id  reexposure, a special avduatfon procedure i s  f o l l o ~ e d  

a t  the and of the quarter year. This conslsta of cornputlag the 

actual ellmtnatlon h d f  l i f e  and mJciag the appropriate correction 

to the routinely computed exposure (=bit 2) .  b practice, the 

x 
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u24 

215 

2/11. 

z/LI, 

2/17 

2/21 

z/% 

2/28 

3/3 

2/19 

2/26 

3/10 

3/17 

3/% 

313 1 

-- 
10 

7 

2 

3 

2 

2 

3 

2 

2 

3 

7 

7 

7 

7 

d l  
Stated 
ia 

Report 

17 

I3 

540 

430 

305 

240 

198 

160 

u9 

120 

47 

66 

48 

35 

25 

Body Dose 
4 1  

Fraction Present 
Present of :an- &1 Due to T 

&I of ~oncen- centra- far for cur- 
for Last tratfaa f o r  tier, f o r  Current rent Dah, 

D8te 

0 

17 

3.3 

%O 

430 

305 

a0 

198 

160 

339 
120 

97 

66 

4s 

35 

-- 
-- 
0.56 

0.67 

0 e 8 9  

0.84 

O a S q  

0 .a9 

0.84 

0.89 

0 a 8 9  

0.84 

0.67 

0 e 6 7  

0 067 

O 067 

17 

L 

53 :! 

(1 

0 

0 

13 

3 

3 

0 

0 

2 

4 

3 

2 

Total 

0 , U B  

0.035 

4 e639 

0 

0 

0 

0 

0 

0 

0 

0 

0.017 

0.035 

0 . 026 

0 e 0 1 7  

4.917 

M i b i t  2. Roqitine Vncorrected ?ZvsLuat.lon 1 r k  Sheet a8 0aSiS f o r  e 
Special Zvaluatiop. f o r  Elgh Acute Tritium Exposure 
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method may become c o q l i c a t d  by the observatix of two 31- more 

ellmination rates, 

simple ca8e of high acute crxpo~uro when there is a single trlimination 

rate (a), and for the more complicated cmc where there are two or 

more elhination rates (b), Rthfbita 3 and 4 demonstrate the in- 

structions for situation (b) * 

1. a) end b) 

The folLowfng stepviae procedure dims for the 

From the o c ~ ~ r r e n c e  of the Ugh expsurt ,  p l o t  the 

a d  nunrber of days elyrred efnce ocemence of the “high” 

sarrg4e on a 6heet of semi-log pap= (FAibit 3 )  . FLat the 

c(c/l on the log scale and the number of days since the high 

sarpple on the linear scale. 

a) For the aknple cme, where a aingls straight line reasonably 

fits the points p lo t t ed ,  draw this l ine and compute the elimina- 

t i o n  h a l f  life in days. 

(Note: The elidnation half’ U f e  i s  the number o f  days requircd 

for the body concentration, a8 plotted on the graph, tu P a l l  tC 

one-hdf of tha original level.) 

b) 

1har  are required to fit the polnts plo t ted ,  drw these T h 6 a  

and compute the eliminatfon hslf l i v e s  (in days) ccrrespondfng 

to each. 

2. 

For the more conplicatd case, uhere two or more s b a i g h t  

3, a) Not applicable. 

b) Mmk on the &rcrph the point(e) at which the slope changes. 

-16- 
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DAYS SINCE HIGH SAMPLE 

Exhibit 3. P l o t  of May Concentration vs 3ays since High SaJnplc fo r  
Computing Elimination Half Life. Procedural steps lb, 2b, 
3b, 4b, 7b. 

-17- 
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9b, 1ob 
U b  

8b 

Yb, lob 

U b  
Ub 
Ub 
13b, Ub 
1% 

8b 

9b, 1Ob 

llb 
ub 
12b 
17b 

3/59 
3/10 
3/17 
3 h  
3/31 
4/l* 

l a t i l  =cnrctdPasr = 
for irt quarie 

Behibit 4, Comrcted Evduatfon Work Sheet far High Acute Exposure 
w i t h  *re Than One Elinination Fate 



4 .  

5. 

6, 

7. 

8, 

9. 

a) Not spplicnble. 

b) By counting the deya rfnce tbe o r i g i n 3  hi& #-le, find t h e  

actual d&eg in months and d w  (of the chonge cf nlope: wrrerpod- 

ing to the points marked in Step 3b, 

a) end b) Reapy the tritfum evaluation work sheet to the occur- 

rence of the hieh sample and sum dl expoawes ta this point; 

rrAdd" ln t h 6  margin beside t)lls sumation (Exhibit 

mite 

a) Not WpliCabl8* 

b) Recopy the tritim evaluation work sheet from the nccmbncc  of  

the high exposure up to the data of the first change 0: slope on 

the graph, 

a) Not applicable. 

b) 

body at  t h i s  t h e .  

From the a a p h  estimate the LJ& concentration presert in the 

8 )  Not  applicable* 

b) 

t i on ) ,  make this new entry or, the evaluatlor. sheet and date it the 

date of the change in slope. (For this  paper, use of red is Mi- 

crted kj asterisks.) 

a) l!ot applicable. 

b) Write a note on the work sheet stating the sliminatlon h a l f  

Ufe for t h i o  period and the tritfxq conceztration tti.11 in the 

Jn red (to indicate that t h i s  i a  n o t  a .pcasured body concenrre 

body b 

-19- LANL 
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10. a) Add the ren dosage for the e n t i r e  quuttr* 

b) Add the rem dorrrge computed in the usual manner for the 

p o r t i o n  of the work sheet copied in Step 6b. 

11. n) Not applicable. 

b) . Subtract the dosage (aa found cn Table If) quivafrrnt to the 

tritium concentration s t i l l  in the body from the S u m d  dossgee 

of Step IO. Show t h i s  eubtraction on the work Pheet. 

12. a) Multiply the ~ u m  found in Step 10 by l,/Uth of  the slfrninution 

half U f e  a8 found in Step 2. Thie value l a  the "corrected rem" 

dose due to this tritium exposure. 

note stating the observed elimination half Ufe ,  the correction 

made for this half life and the "corrected rem" dose, md an "Add" 

in the mrgb.. 

b) 

half life a8 memared in deys for the first portion of the elitoi- 

nation* Indicate this n d t i p l l c a t i o n  on the work sheet. By the 

answer o f  t h i s  multiplication, written in the ''Body Dose Pus to 

T for Current Date, red' column of the work sheet, ;trite an "Addt' 

no tatfon. 

Qn the uork sheet write a 

l h l t l p l y  the result of Step l l b  by VU# of the elimination 

U. a) Mat applicable. 

b) 0x1 the next me of the work sheet write -sin (in red) the 

l a s t  date entered and the tritium concentration s t i l l  in the body* 

U. e) Mct applicable. 

-20- LANL 
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A -  

b) 

the expsurt in t h e  routine manner. 

Assume this tc be en i n i t i a l  dose, and peed t c  calculate  

15. a} Nut applicable. 

b) 

change of slope, and again follou procedure f r - m  Step on, until 

end of quarter is reached or un t l l  8n appraxinatt U d q  eli-nina- 

t i o n  half l i f e  is resumed. 

Copy all addit ional  entries of tritium t c s a y s  until the next  

16. e) and b) If at t h e  end of the quarter the lrrine concentrotion 

Is still abcve 1% :tc/l, break off the above procedure a t  the end 

of the quarter and SubtrBCt the dosage due t o  the t r i t im still 

in the body. 

t i o n  half life. Record t h i s  "corrected dlfj'erence" as the "cor- 

rected remt1 fo r  the quarter in which the !-A&;? expossure occurred, 

'rlrtte t'Add" by this lest flcorrocted rerc." 

e)  and b) SLM rrll of the figures ui th  the 'Add'' notation beside 

them, This is the "Total corrected rem" f:r the quarter. 

At the end cf' the quarter _ir&o which the tritium cmcentration 

wcf8 c a r i e d  over i.. excem of 124 )a/l, ccmphte the upecial 

evaluation procedure as per these instructF.xs. 

C c m e c t  the difference f o r  t h e  appropriate elitline- 

17. 

18. 

Y *  
A detai led  Eethod i 3  given for estimating the whole body mxposure 

frsz e k n m n  cmcentrot jwt cf tritium in  the body water, 

it is baoed on 8 pemiss lb le  bDdy bwdea o f  3 .7  r.c, a 43.4 kg critical 

As presented, 

LANL 
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orgm (totd body w~rkr) ,  md a RBE of 1.7 for t r f t i l a  in the bob. 

This nwthod w i t h  different values for pssmtaaible body burden, cr i t ica l  

organ, mb RSE h~ beten in uue rt LllsL 8 i m e  1953. 
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