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SUMMARY 

Data a r e  presented on the absorpt ion of t r i t ium oxide vapor through 
hunira sun .  Under the experiffiental conditions used, the average  r a t e  
constant was found to  be 0.28 f 0.08 p c / c m  sltin/mh per pc/Cc of 

a tmosphere  f o r  the f o r e a r m  exposures, but some of the data suggested 
a higher r a t e  conmtant f o r  o ther  portions of the body rur face .  
e f f ec t s  of various p a r a m e t e r s  on p e r c ~ i t m c o u s  absorpt ion are discussed,  
and the relationship of the data to c-,'rimatior of marimurn permiss ib le  
!imits is mentioned briefly. 
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- -  PFRCVTANEOUS ABSORPTION OF TRITXUM OXIDE 

Before t r i t ium p r d u c t i o n  was begun a t  Hanford, a study Was made 
of possible  sou rces  of personnel  contamination. and r e c o m m e n d a t i m s  
w e r e  offered for  control of these  hazards (1). In sp i t e  of such  measu res ,  

personnel  contamination became problem in the  t r i t i u m  repara t ion  p ro -  
c e s s e s ,  and the Biology Division was asked to aid in the total evaluation 
o! the h a z a r d s  involved (2) .  

t r i t i um and t r i t ium oxide were undertaken, and th i s  r epor t  concerns  one 
phase of these  studies, t h a t  of percutaneous absorpt ion of tr i t ium oxide 

v a p o r  in the human subject.  The r a t e  of uptake of t r i t i um o x i d e  from a 
sa tu ra t ed  a tmosphere  was measured  and IS repor ted  h e r e  as the ca lcu-  
iattd r a t e  constant for this absorpt ion p rocess .  Data are not avai lable  
concerning the changes in r a t e  of uptake brought about by f ac to r s  such 
as var ia t ions in vapor prelisurc. t e m p r a t u r e ,  humidity, e t c . ,  nor has 
work becn completed on absorpt ion of uncombined t r  itlum. 

Studies on absorpt ion and metabol ism of 

An a r t i c l e  by Szczern iak ,  et -- 01, ( 3 )  s u m m a r i z e s  briefly previous 
work reported on the percutaneous absorpt ion of liquid w a t e r  in contact 
w:th thc skin. Rothman, in t w o  extensive l i t e r a tu re  rev iews  covcring 
thc period f rom 1920-1943 ( 4 , 5 ) ,  concluded that water  is not ahsorbed by 
mammal ian  skin; but S r c z c s n ~ a k ,  using deuter ium o x i d e  a s  a t r a c e r ,  
prove0 conclusively that water  e n t e r s  the circulat ion through thc skin of 
t h e  r a t .  

On thv basis of data f rom orit- human subject, Pinson ( 6 )  cst;rnatc.d 
t h e  r a t e  of percutaneous absorpt ion o! liquid water  in contact with the 
s k i n  to bc 50 x 10 g / c m  'min. In contrast to  th i s ,  w e  h a w  calcu1atc.d 

drI absorpt ion r a t e  of  830 x 10 
s:m.:ar expcriment  on one rat .  

- 6  2 

- 6  g , c m L  min o n  thc h a s i s  of data f rom a 

u'c havc chosen i n  thr. p r e s c n t  invcstigation to l imit  oursc.1vc.s to 

.;! ;Cy of absorption f rom thf. vapor s:atc hccause t h i s  is mor;. nrbarly r t b -  

p r t ~ ~ e n t a t i v t  of conditicns undc-r which personnel w i i i  fit? exposed to 
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t r l t ium oxide in sepa ra t ions  p rocesses .  
with r a t s  on absorpt ion f rom vapor is in p r o c e s s  of public8tion (7). 

t h i s  work we found that the  absorpt ion rate for r a t s  i s  of the  s a m e  o r d e r  
of magnitude as that for  human subjects.  

Some of our p r e l b - r y  work 
In 

METHODS 

Exposure Equipment 
Exposures  to  vapor containing t r i t i u m  oxide w e r e  accomylished in 

two ways. In pilot expe r imen t s  a closed sys t em was employed, t h i s  in-  
volving a r e s e r v o i r  of t r i t i um oxide r a t e r  solution in a small cup lnslde 
the exposure  chamber  and placement of the chamber on the skin, no p ro -  
vision being made for active circulation of the vapor (Figure 1). The 

main s e r i e s  of cxporu re r  was made with a dynamic-type chamber  which 

ment for the dyr,amlc s y s t e m  consis ted of a hydrator  h which dr ied a i r  
was passed through a s in te red  g l a s s  filter stick ulto the water  solution of 
t r i t i um oxide, and the chamber  itself in which the sa tura ted  vapor was 

mer-4.. ...*. .bed parsage of a s t r e a m  of vapor over  the skin (P lgu re  2). Equip- 

passed over  thc skin and out into a d r y  ice trap.  
The dynamic chamber  was designed to  e l iminate  uncertaint ies  as to 

the r a t e  and degree  of c ~ u i l i b r a t l o n  of liquid and gaseous water.  
sampling of the chamber  a tmosphere  was c a r r i e d  out for the closed qys- 

t cm experimental  w o r k ,  but was diacontmutd for thc d p m l c  sys tem be- 
cause  of the considerable  difficulties involved. 
oxide concentration was s imply  calculated on the assumption of complete 
sa tura t ion  wi:! water  vapor under the e rpe r lmen ta l  conditions employed. 
The t empera tu re  of the hydra tor  and exposure  chamber  was maintained 

from 20-25 '  C.  

Per iodic  

Atmospheric  t r i t ium 

' - c a t  30° C. f Lo C .  by a warm air blower.  Ambient tempcrr t* . re  varied 

- Exposure P r o g r a m  

Fcsurc  -hamber  and a single main s e r i e s  of exposures  emp;oyiiig the  

dynamic exposure chamber .  

This  was dib-lded into p:lo! s tudies  employing the clo3c-d systram P X -  

The f c r m e r  :nrlucled: 
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1. Low Level - 8 . 7 5  mc/cc  aqueous phasc or 0.26 p c / c c  m p o r  phase. 
Sites: upper central  abdomen, Subject I1 

cent ra l  portion of axilla. Subject I 2  

2,  Intermediate t c v c l  - 7 5  mc/cc  aqueous phase or 2 . 3  r c l c c  vapor 
phase 

Sttes: upper central  abdomen, Subject 1A 
dorsum of forearm,  Subject I 2  

3. High Lcvel - ZOO mc/cc  aqueous phase or  6.1 p c / c c  vapor phase. 
Site: upper central  aMomen,  Subject 13  

'The main series consisted of exposure of subject I 2  - 112 to a level 
of ZOO mc/cc  aqueous phase o r  6.1 p c / c c  vapor phasc, the r i t e  in a l l  cases 
bcrng ?he dorsum d the forearm. 

2 The a r e a  exposed, 9 . 8  c m  , was not treatcd or shaved, and the e x -  
pusurc. chamber was held in placc by  gentle p re s su re .  
c x p o s u r c  were uniformly onc hour. 
and each was requested to matntain normal d ie ta ry  and fluid intake during 
the sampling pcrrod. 
method of followinfi t r i t ium oxrdc concentrat:on rn thc body f lu id5 .  

thosc subjects who w e r e  exposed more  than once (11, 2.3) the later c x -  
posures  w c r c  ca r r i ed  o u t  only a f te r  the  u r i w y  trt tfum oxide lcve! was 

bclow the detectable Ifmlt of t w o  m"rer*tries pcr 1rtc.r. 
urine samples  w e r e  less than t w o  pc;L 

Analysis of Samples - 

being generated by additiota nf urinc. s a m p l e s  to calciam mctal wrrh 
calcium chloridc catalyst. 
rved clcctromctcr  m e t h d  i n  which urine samglcs  a r c  d d c d  to calcium 
rarhidc for convcrsion to arc-fylc-ne :Q) 

The p r i r x l 5  of 
A l l  subjects w e r e  healthy adult males,  

L'rrnc sampling was chosed as the most convenient 
ln 

All p re-exposure  

Ana1ysc.s w e r e  c a r r i e d  mt In a byr -ogen counter (a), the hydrogen 

Samplcs w c r c  a150 ann1yzr.d by thc vibrating 

Because t w o  analytical rwthods w c r v  u 9 d ,  it should ht* yoints*b o u t  

that. statist ically,  thrte  w a s  no significant difference bt.twct.n va1ur.s ob- 

tained by thc  two methods, nor was ' h e re  a signifxant  difYerc.nrv twtwuc-en 
v a l u t a s  of sampler  obtaincd six hours  a f t e r  exposure and valucr r)f  w m p l e s  
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takcn the morning a f t e r  exposure (16-25 hours). 

of any individual urine crample from one subject WPS f 4. 5 per cent; 

hencc in calculations of absorption r a t e s  the average of four values ( t w o  

determinations by dfffcrent  methods a n  each ef two urine samp:cs) was 
u s e d .  

The s t a d a d  deviatlon 

Calculations 
?he mcmod for cafcubt lon d the absorptlon rate constant (k) was as 

0 - Volume of b e  water ( l i t e r s )  
Cl  - Concentration of t r i t ium in body ra te r  (pc/1) 
A - A r e a  of skin exposed ( c m  ) 

t - Time of exposure (mm. ) 

' e  

2 

- concentration of t r i t ium oxide in vapor (pc / cc )  
2 n u s  thc r a t e  constant is in units of ) rc /cm /min/rc, 'oC 

RESULTS 

In Tables  1 and 2 ate li5:c.d for each  subject the b d y  re lght ,  body 
water, site of exposure,  average pos t exposure  v r t n e  activlty, and 

absorp*.ion ra te  constant. Body w a t e r  is ca1cl;lated UP 3 bas is  of 6 ?  per  
cent of body weight, as l o u d  by Schloerb,  et -- a1 ( lo) ,  ra ther  than on the 
basis of 71 per cent a5 recommended by the International Commission 

on Radiological Protection (11;. 

R e s u l t s  f rom the low level pilot study w e r e  not tabulated b c a u s e  
the ur inary  t r i t ium activity was bclow the de*ectable limit. 
s!ratcd that the 8 . 7 5  m c / c c  aqueous phase, or 0. 2 6  )rc/cc vapor p h a s e ,  
**.as an insufficient concentration for t r i r ium oxide vapor iibscr>?ion 

studies.  The Lntermcdiate l e v e l  of 75 m c i c c  aqueous phase,  or 2 3 
p c / c c  vapor  phase, was sufficient for detection b'it not adequate t9 pcr- 

= i t  a ccu ra t e  analysis, Therefore  8 l e v e l  of 20G m c / c c  aqueous phase ,  

Th.s demon- 
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Urlnc 
Actlvity 

(rc/l) 

11 

5.3 
I 

31 
1 

TABLE ! 

Absorption Rate 
Constant 

0. 33 
0. 22 

0.37 

Pllot Studies, Intermediate and Hlgh Level 

i 
'Subject 
1 Code I 

1 

1 2  

1 3  I 

Body Wt. Body Water  Expasure 
(ke) (l iters) Site 

65. 8 41 Abdomen 
88. 5 55  Forearm 
68. 0 42 Abdomen 

11 
HW -21778 

Body Wt. Body W a t t r  
(W (l lters) 

Iltine 
Activlty 

( r c / l )  

TABLE 2 

H i g h  Levcl Study. 

55 

42 
81 

. 49 

70  

50 

4 4  

55 

15 

18 
13 

19 

16 
17 

18 
30 

88. 5 

68. 0 

97 .5  

79.4 

113.4 

80. 7 

70. 8 

88. 5 
72.6 

79 .4  

81. 6 

I 9bsorptloa Rate 
Constant 

0. 23 
0. 21 

0 . 2 2  
0. 26 

0 . 3 2  

0. 23 
0. 22 

0. 40 

0. 32 
0. 39 

0. 27 

! 

Site of exposure was forearm in a11 casea. 
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.. or 6.1 p c / c c  vapor ohase,  was chosen as being most approFriate  for pro-  
ducing easi ly  detectab!e trit!;;m oxide concentration5 while  avoiding body 
conccntrations g rca t c r  than the pcrmiss ib le  nux imum of 200 p c / l  ( U ) .  

F r o m  Table 1 we see that subjects 1 and 3, in whom the  exposure s i t e  
was the uppcr abdomen, exhiblted an  absorption r a t e  constrnt  of 0. 33 and 

0. 37 respectively. Subject 2 shows a r a t e  constant of 0. 22 in Table 1 and 

U. 23 m i a b i e  2, the exposure s i te  being the do r sum of the f o r e a r m  m 
both exposures.  
the la t te r  s i te ,  and strengthening this impression is the fact  that  the r a t e  
constant for subject 3 was l e s s  for t h e  dor;um of the forearm (0. 21) than 
Lor the uppcr abdomen (0. 37). 

Is 0. 28 f 0.08 pc/cm /min/pc /cc .  
1s about the s a m c  as that for the u r i n e  activity average for  all subJectr  
together,  27 per  cent, which indicates that including the amount of body 

water in the calculation for a r a t e  constant does nut aid in stadardxzlng 
results .  

This suggests  a slightly lower r a t e  of absorption from 

The average r a t e  constant for exposures  made on d o r s u m  of fo rea rm 
2 This standard deviation of 28 per cent 

b 

Possible  reasons  for variations in rate constant are consxiered 
h subsequent discussion. 

DISCUSSION 

The foregoing r e su l t s  w e r e  obtained under a s i n g l e  se t  of carefully 
controlled conditions. 

to influcnce the ra te  of percutaneous t r i t ium oxide absorption. 
effects of such variation cannot be accurately asses.;ed a t  the present 

L i .  ~ 
time, one CM make qualitative predictions a s  to their  influence. 

Variation in these conditions would be cxpccted 
While the 

- .  . 
The effect of t empcra turc  on the absorption procoss  has  not been 

The effcc: of the fitudied, t u t  a large effect wvuld not be  anticipated. 
par t ia l  p re s su re  of water vapor in  t h e  a tmosphere on t r i t ium oxidc- 

sorption is onc which is being current ly  invcstigatcd ~;1 c x t e n s i w  t -x>c- r i  - 
mcnts  on r a t s .  Pre l iminary  results  w o u l d  stern to indicate an  increase  
fn t h e  value of t h e  rate constant for t r i t ium oxide a t sorp t ion  with d c r r c a s -  
!rig water  vapor pressuro.  This is reasonable i f  one thinks of t h e  p e r -  

DECLASSIFIED 
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cutaneous absorption of t r i t ium oxi& and  of ordinar2  water  vapor a s  
being competit ive processes .  

For chronic  exposure  to an  a tmosphere  containing t r i t ium oxibe, 

ordinary  permeable  clothing would b e  expected to have no effect or! p e r -  
cutaneous absorption. However, for momentary,  s h a r p  inc reases  in air 
Cofi:Sraifia;icfi :eve:s, ruch C:Gttial ig *uuid prolabiy off* consideraoie  
protection. 

In addition to these  environmental  fac tors  
is inherent in the b io logca l  system involved. 
common to a l l  biological processes and i s  dill 
extensive measurements  on a large number of 

a number of var iables  
individual variation is 
cult to assess cxccpt by 
subjects,  

The obvious d i f fe rences  in skin f rom sit. to s i te  would lcad one to 
expect s o m e  h f f e r e n c e  in absorption r a t e s  at various locations. Our 
data suggc3t that the r a t e  of absorption f rom abdominal skin Is near ly  
t w i c e  that f rom the f o r e a r m ,  but t h e  paucity of tests pr.ecludcs any defi-  
n i t c  conclusions. 

Body watcr content is not strfctly a function of body weight but dc-  
prnds  upon thc amount cf fat p r e s e n t ;  as  the amount of fat increases .  the 
pcrccntagc  of body w a t c r  d w r c a s c s  qaltca rapidly (10). 

infl ience t h e  actual absorption rate, but would introduce an e r r o r  in the 
calcularion'of !he r a t e  f rom body water activity measurements .  
p rcscnt  investigation, the calculated ?at@ cons'ants might have been m o r e  
uniform had the body w a f c r  coI,+cI?t of each autjr-cr been nrrrsured. 

This  wou1.d not 

In  the 

Skin dcfccts ,  such a s  cut0 or abraf ,on%, ddinitcaly affect absorption. 
k t a  f r o m  Fat rxpe r imcn t s  indicate that a w r y  small  wound in  thc. ex- 

posbto a r c a  Inc reases  the abssorp'ion r a l c  by L fsitor of t e n  or mor". 

%:th a l a r g r  area  of riearly t w o  s q u a n  meters, a s  i n  human SubjfbCls 

efft.ct of s m a ' l  r d s  IS difficult to ~ s s - s ~ .  but th* absorpt ion rbte  WU 

bicrt.asc* i f  s k i n  brcsaks are ptcbsc.n+, 

t h e  

2 Using thc awragc  ra te  constant a! 0.28 wc cm , r n i n  pc, cc ,  
with tcbscrvatlons frnpliett in Ihtc above & S C Y S S ~ O U ,  t h ~  body burden of - 
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, .  
'+. - . - . ,  

1 t r i t ium oxide f r o m  skir. tbsorp t ion  o v e r  an eight hour period can be  calcu-  
lated in the following manner: 

6 
k A t Ce = ( 0 . 2 8 )  (1. a x l0') (489) Ce = L 0 x A0 ce 

where  k is the r a t e  c o n s t a n t  A ia s u r f a c e  area of a 70 kg and 170 Cm m M  

(12), t is t ime  in minutes  nnd C, is concentration of t r i t i um oxide per cc 
7 

of a i r .  The  body burden f r o m  inhalation in the same period would b e  10 
Ce, where 10 Thus  the 

total  body burden f r o m  the  t w o  s o u r c e s  would be  lo7 C e  + 2.42 x 10 ce 
or  approximately 1. 25 x 10 Ce, which means  that skin absorpt ion contrib- 
u t e s  about 20 pe r  cent of the total. This percentage m i b t  well be con- 
s iderably  higher than 20  p e r  cent,  s ince,  as indicated in the previous d i s -  
cussion, our experimental ly  determined rate constant is a conservat ive 

7 i s  the rtum)>er of c c  inhaled p e r  eight hour s  (11). 
6 

7 

figure.  

The significant contribution of percutaneously absorbed  t r i t i um 
oxide :o the total  body burden der ived from the a tmosphere  would s e e m  
to  be  a factor worthy of considerat ion in the  es tab l i shment  of maxinium 
pe rmis s ih l e  leve ls  of air  cmtamination. 
5 x lo-' ) r c / c c  (11; was based on considerat ions of pulmonary absorpt ion 
only. Our present  da ta  are hardly sufficient to war ran t  any quanti'ative 
recommendat ion concerning recalculation of the MPL. 
however,  that eventually s o m e  revis ion may b e  necessa ry .  
emphas ize  the fact  that  r e sp i r a to ry  protection alone cannot be re l ied  upon 
to protect  (I person  in a highly contaminated a tmosphere .  

The cur ren t ly  accepted MPL of 

They do suggest ,  
They also 

.We have intentionally avoided discussion of the  mechanism involved 
h percutaneous absorpt ion of wiher .  
not bear ing  d i rec t ly  on hazard control r e s e a r c h ,  and will r equ i r e  m o r e  

j detai led study of the ehcnormra .  R e s e a r c h  is being CQntinued, h l u d i n g  
mud ies  OR pcqcutamous  &-a of Wrrium goa. 

This  is a m o r e  fundamental problem, 

3 
> . 
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