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141'l.lt'J18 rhr niass .; rJdionctive T iwtopc chi h!tlntgcn, prcmiistJ to lw- 
c w i c  a uirir-ly r i d  tracer for hydrogen in 
!~i.,lcyic-d ant1 chniir.il  studies. t iaz ; lds  
;ittcn.tmt IWI the handling of this isotope 
:ire liniitnl t o  thcm fnmi intr-wl r;iJi;ition, 
the cnerg! of its Iwta particlc LKirg Y) 

wr;ik rmaximum entYg~,G.OIRS rwv.) as to 
ctmsti.urc no cxternal ratliarion hward. In 
pn, then, the p'uhlcm of hazard evalua- 
tion b c c ~ m c t s  onc of s t u d j h g  the various 
ptwtab through which tritium, or com- 
p u n &  rcmteining tritium, may gain entry 
to the bdy.The p n x n r  paper is rnnccrncd 
with the  harards ariqing from a tritium 
n x i J ~  crwtraminatcd atmosphere. 

The nvo main portals thmugh which 
atmospheric tritium oxide may enter the 
bdy arc p u m a i  to be the lungs and the 
skin. The m t r i b u t i o n  of pulmonary ab- 
worption tu the total body uptake from an  
atmasfiere of known tritium oxide content 
can be readily calcufatcd on t1.e a u u m p  
tiwr tha t  all tritium oxide entering the 
l u n p  u absMbed. This amsumption 1.35 
k e n  experimentally verified by several 
invatigaton.'*".l' The contribution from 
absorption through the rkin must  be meas- 
ured r rpr imcntal ly .  The prment inva t i -  
g a t h  wad made to determine the rate of 
p e r c u t a n m a  absorption of tritium oxide, 
t o  amparc this with the rate of pulmonary 
ahmrptbn, and to investigate the facton 
which might bc important in rletennining 
or  changing the rate of absorption. M'hile 
principal attention was focused o h r p  
ticm f m  the vapor atate, rrpcriments 
were alm performed to compare the rate of 
alnuxnption r ) f  liquid wnter. 

'ti, the extent to which tritium may 1x 
i.wcritlctcd ;I 1rpitirn;i tc  tracer for hydrogen, 
thv rrwltg of t l i iq ntuti!' cotltril)ute to the 

general probleni of the pmierrbility of the 
skin to water. I'ositive prtmf of the inward 
p;issqge of liquid w.;itcr has only recently 
k e n  reported." ..\ preliminary note on a u t  
tienionstration of the prcutnneous ab- 
sorption of water vapor has appeared in 
the litcrature,' and a recent r view by 
Pinson" nlliidn to unpublished studies on 
percut: i l M U S  absorption of tritium oxide 
perfo-mrd e t  the Ins Alanios Scientific 
I a b r a  tory. 

UF. ' HODS 

a%djrrfJ m/ & p J f m  Prorrtiurrr. Subjects 
employed were CF-I strain mice, rats of the 
Spraguc-Uawley strain, and human, adult, 
white .males. Except itlr a single total body 
e x p u r e  of a human subject, all e x p u t c s  
wt;c tu a circumscribed skin area. L'nlesr ether- 
wise specified. exlosurn were for one b w r  at 
-30' C. Animals were c.xporsd under ncmbi~tel 
ancst ha i r .  

Two system were crnptl yed for erpmure of 
the skin tu rhc tritium oxide-lrtulcd water 
vapor. T k  firsr of these, illustrated in Figure I, 
consisted of a small o p  containing tritium 
oxide in water' supported ahove th: rkin inside 
of a contaming chamber. Th.* apparatus will 
be subw1wntly rcfrrrd to u the "static" 
system. Because of inadquare saturation of th- 
air in the system and hecause of the danger of 
spilling liquid tritium wide w h i m  on the skin, 
a m m d  type of ap~.:ratus, illusfratd in Figure 
2, was employed for the nlajor portion of thr 
investigation. T h i s  "dynamic" system cunzktr 
of a hydrator into which dricd air was prsstd. 
via a sintered gliss $18 dispcmion t u b ,  throue!. 
a water clolution of tritium oxide and thence 
ir r o  I ronncctd exptsure chamkr in which rhr 
s.iruratd vapor was p;isscJ over the skin ilnJ 
iwt into a dry icc trap. 'Lntnd exprrimrrrr- 

I t  rill k nrre piml that t k  p q u t t t m  nf mtium initk in 
th-. ritn ulutirn. was, maswi.c. c r t n n d !  nmall, and that tk 
n .Jcculir a k 1-n~ 8hn.18 nmraiar,l rtitiun. mas ilmnr 
rarluaivtl) Et, 
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RESULTS A S U  DISCUSSIOS 

The  results obtained fmrn e x p i i r e  of 
the various species to a s i t i . r a t d  or near 
saturated water v a p r  atrnospher: are re- 
corded in Table I .  Data for male and f-inale 
rats arid mic: were calculated scpar:iteIy, 
but no sex difference was apparent and the 
results fw  both sexes were combintd. The 
results obtained using the static exposure 
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> \  b t t t i i  .lrc let\\ tc) ;in utit.crtgiit: ,lLsgrcc for \\iitcr i n  ;ill sul)jects. \\bile the two exlw- 
rt.,i<iiii\ pr~*\.icit;sl!. t l i s c . i i ~ w ~ l .  '1'hc.y arc siircs to thc ;il)cionir.n uerc 1ii;itje using the 
i:i, I t i , ic ,~ i n  ' I * ; i I k  I (iiiI!, f o r  1'111 \roses of stiktic- Systeili, the resiilts itrc o f  q3;iIitativc 
t l t t . i l i t . i t i i  t- ixrinprisoti. I t  slioulct \)e n o t d  interest, since they iiitiic;rte :I higher rate 
r I i . l t  c l . L r . t  ~ ~ d d i s i i c A  prc\.ici~izl!. i i i  ;i  prcliiii- t*of:st;iiit for the ;il)c!ometi th;in for the fore- 
iii.ir> tic,re* uerc  oI)t:iitictt I I !  tlic st;itic* ;irtii. I hc qu;intit;itivc tlifferetice is un- . .  
I i \ C t l l l h l  ;inti ;ire thc.rchrrc ncit i n  ;igccnieiit doubtedly greater th;in that  indicated, . .  
n i t h  thc Iwst . v;iIiics here rcprrtcd. The  si;lce all of the data obtained with the { 
"sr.itic." tl;it;r iron1 rat:; inclulied i n  'l*;il~lc I stittic system werc low compared with re- 
, I I~  iri,lic.itc quite cle;iriy t h r  eiih;ini*cll ;I\)- sults olt;iined using the dynamic system. 
zc,rpric~ii o~-~;isirinetI 1)). sh:i\.ing the  expiseti T h e  single total body. exposure exprri- 
;irc':i. ment indicates an absorption rete constant 1 

I n  ,111 c;isc*s tlic vdties of  .\ ;inti J til- a b u t  three t ima  as great as the constants 
twI;itctI  frcrtii c;irtii;ic I)lorkI s;ini ple., ;ire calculated from forearm e x p u n  i. Several 
Ioucr th; in  the corrcspit i ing \*;iliies rnl- f;ictors must be considered in evaluating 
tul:ite,i irorii s;iinpIcs of thc tot:il hd!. this rcwlt. k'irs~r, i t  is obvious!y unsafe to 
\\;iter, ini1ic;rting a lag i n  the  distrilwtion yener.ili;rc too extensively from the m u l t s  
c,i the ;ilw)rl)eti water. l 'his etfect W;IS of 3 single exposure. Second, the conditions 
norcrl and studied more ewttnsi\.ely u i t h  of this, total M y  e x p s u r c  wcrc m e w h a t  
short-term exposures b!. I'inson.I8 \Vi th  different from t h o c  which existed in tl : ' 
r c s p c t  to thc evcntu;il bwl!, Intr im,  how- forearm exposum. \Yhilc the forearm ex- 
cver, the \slues based on simples of total posures were performed in an esseirtidly ' 

I w d y  \ s a r d  are of primary sign.iilcnnce, satur.rted Water vapor atmmpherc, the ' 

since unifomi distribution of the absorbed avcregc per cent saturation during the 
iictivity niust certainly occur within B pe- tutA body exposure was only p p' cent. 
riod of time which is short compared with This tliffercnce. while iiifluencing A values, 
the I~io)*yic*aI half-life of tritium oxide in should not affect A' values, as will be shown 
the h ! y .  in later discussion. Third,.thc subject. in- 

I he cvptrinirnt in  which a series .of rats volvcJ in the total bot;?. e x p u r e  was one 
were c x ~ ~ d  w i t h  a laver of cloth covering of the subjects included in the foream cx- 
the skin area was designed to evaluate pns- p u r e  p u p ,  the K value from his loreomr ' : 
s i l k  effects of clothing on  percutaneous e x p u r c  being 0.23, thus strengthening 
iil)r)rption. The  cloth cmplo!,ell was heavy the evidence for a real diff-rence in abrorp 
cotton material of the t!"p commonly tion rat:. between different skin .rear. 
fountl in lalxoratory coats and coveralls. Pinmn" has ruggcstai that  percutaneous 
S o  ctfert was altscrved o n  total abwrp absorption of water vapor couM be krokai 
tion, ;IS inilicatai by the A' values calcu- upon simply as the rcvcrsc phase of the I 
I;ired from total I d ?  w r c r  samples. There physidogical pl.enmcnon of insensible i 
docs appear to be en incrcise in  the rate at perspiration. I f  this i c  the case, and i t  
H hich the a h r t e d  activity ippears in the a p p n n  entirely reasonable, then the i- ' !  

1 

i 
thc rrcults olmined for different c x p u r c  t i i n e l  over the past ehirty-five years, m- - I  
sire.;. The agreement hctwccn the data  calculated where necessary to a y t . \ o n  . i 
lrc,111 I: sirljjrcts exposeti on the forearn1 
H .IS qii ite glwd, ;.onsit:crin~ the disparit!. \\'here oriuinal data were given in t e r n s  of 
in. ph!iqiies ;in4 rhL ronscquenr error i n  the tcrtal hod? surface an average skin . . . 
;i*wtning ;I cons tan t  proportion of 
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circu1;rtion as evidenced by the values of 
c;rlcul;ltcd from the cardiac blood samples. 

'I'hc data fmm humin suhjt . i s  are char- 
;rctcrimi by a lack of agreement between 

tensit*e data  . ~ v * m r l y  collected on i r -  
unsil,le penpiration should be pertinent to 
:In understanding of pcrcutaneour a h r p  
[ion. Table I I  lists some of the r e s ~ h  ob 

; I  
I 
I - 1  

basis ofrp. water loss per an.' per niinute. 
. 

of I . $  .4 ?was  nssli:ned, anti it W P *  further . 
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F.pigastrium 

Epigartrium 

Total hndy  
Total h f g  

Palm 
.w e 
Axilla 
Epipartriiim 

Total tnnly 

Palm 
Sole 
1:acc 
Arm. Icg and  t runk 

st.Itc ,,t' 
SLln 

I.i\ ing 
I .ir inc 
l . i \ ir;  

l i v i n g  
I.i\ 1°F 
1.iving 

J.iving 

I .i\,inc 
1,ivinp 
I-iving 
l i v i n g  
1.iving 
l i v i n g  
Living 
l i v i n g  
l i v i n g  
Livinv 
Living 
Living 
Living 
1.iving 

1,iving and  dcrll 

Living and  dcad 

Living 
I k a d  

Dcad 
Dcad 
l k r d  
l k r d  

1.iving 

Living 
Living 
Living 
L v i n y  

I .: 
IS ,io 

2 <  

I :3 

5 ' I  .. 
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1 5  23 
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;tssiivicti that  5 2  per cer1t of the total in- 
wt i4 l i l c  u;itcr loss was via the !dnys.hll'hcse 
tiwrc\ represent net  w'arci loss and con- 

itiirc t t i c  Iul;ince ltetuecn the outw;ird 

and inward motement of watcr through 
the &in. A s  such, tlte! bear no neccss;ir\' 
rclationship to the mnpnitucic of either 
these itldivitju;i, prrn-csst!.. I f ,  houcwr,  the 
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plcchnnislil o f  i n w .  
of water throug'h * I  
clcaely similar, m L  \ 

net water move11 el' 
with high r a t s  of I N  

tions. I t  is evident 
the d a t a  of 'Table 1 

water loss varies cc 
skin areas. T h e  one  
included the volar 
shows a lower ra te  
any other area n w  
not unrezwmablc t 
bod! rate of ~ y r  
should exceed the  f 
fold; and, althoad. 
termination, the 
'~c,'cm.' a t m a p h e ,  

ably accurate measi 
percutaneous a h r p  

Data on t h i  c . k !  
sure #)n the trcrcut 
tritii;.n oxide in tal 
Table 111. These e) 
ducted in a manner 
other c w p u m ,  ex 
vapor p r c i ~ u r c  in thc 
wps control ld  b! P I  
droxirie in various 8 

tritium oxide mluti 
rl,mibcr of tht "ti! 

p n t r u .  T r b l r  111 lis 
v.ipor prr..sutc and 
t ) f  the atnimplirre' 8 

tictemilned r rpr i t i i  
the rtmosphcrr. 5 .  
was ,h t i ined,  C Y &  r p  
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niecli;inisiii o f  inw;ird ;inti oictw;ird prssage 
d water through the skin is identical or 
cl(sel! siinilar, one would expcct that  high 
net water movement wodd be associated 
with high r i tes  of movement in  hoth direc- 
tions. I t  is eviktent from an inrpection of 
the d a w  of Title I I  t ha t  the rate of net 
Milter loss varies considerably in different 
skin areas. The one series of studies which 
included the volar surface of the forearm 
shows a lower rate for this arrn than for 
an! other area measured. I t  thus appears 
not unreasonable that the average total 
body rate of percutaneous absorption 
should exrced the- forearm rate by several 
fold; and, although bawd on a single de- 
termination, the value of 0.84 pc 'cm'!min 
.pc 'cm.' atmosphere is probably a reason- 

ably accurate measure of the total body 
pcrcutaneous absorption rate constant. 

Data on the effect of water vapor pres 
sure on the Dercutaneous absorption of 
tritium oxide in rats are s u m m a r i d  in 
l'ahlc 111.  These experiments were e n -  
ducted in a manner exactly similar to the 
other exposures, exccpt that  the water 
vapor pressure in the exposure atmosphere 
was controlled by addition ofscxiium hy- 
dmxide in various COI: cntrations to the 
tritium oxide solution in thc hydr. tine 
dianlIxr  o f .  the "dynamic" exposure ap- 
paratas. Table 1 1 1  lists both the calculated 
u p o r  pressure and tritium concentration 
of the atmmph,ie'.i ' and their vali*cs as 
clctcrni;ncd rnpcrinientall!. hy sampling 
r h c  armmphcrc. SirisI;ictor\. agreement 
W A S  ohtained, except tor the two highest 

sckiium hydroxide concentrations. In thew 
t w o  cases the theoretical values were bawd 
on extritpolation, And the cxpriincntal  
figures are undoubtedly the mow accurate 
o f  the two. In calctilating valucs of K, 
theoretical C, values were used f expcri- 
mcnts 1-4 and experimental values for . 
experiments 5 and 6. Values of R and A in 
Table 111 were based on tritium dctcrmina- 
tions on the total body water from the 
e v p e d  animals. B l c d  u m r k s  were alto 
analyze~l and led to values of h' and  A 
which were consistently about 70 per cent 
of the total body water values, indicating 
again a time L.g in the equilibration of 
absorbed tritium oxide with the total 
body water. 

It is evident from Table It1 that  the rate 
of water absorption (Aj is directly propor- 
rior,al to water vapor prruure. I t  i\ h o  
clear t h a t  the absorption of tritium oxide 
fmm an atmoephere of constant tritium 
oxide content (A3 i s  independent of total 
water v o , w  pressure. T h e  direct propor- 
tionality betwccn water abrorpt'm and 
water vapor prruure supports th hypoth- 
-is of a rimple diffus'bn mcchar.iwn for 
percutaneous absorption. From the hazard 
standpoint, the results indicate thJt humid- 
i ty i s  not a factor to be consider4 in c x p  
sure considerati.ms. 

T h e  n r u l t r  of liquid water .:bsorptian 
stu(:ics on the rat arc shown in Table W .  
.4hrpt i l ,n  rates were calculnted fmn 
3 n i l y m  on total tndy water. The m u d  
h ;her v;tlue$ olirainctl fmn. unshaved :m- 
imals must t~ attriI)utcd to tritiuni-lah .led 

. 
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', 
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w dtcr  ;rctsorlwA (in the ft.iir ;inti inclut!al  i n  
t hc t i  t.11 h w:i r er c tc riii i nit t ions. S h  ;iv- 
ing cithcr l&rc or ;iftrr exptsure rctlut.rd 
the values. 'I'hc results of experiments I and 
-1 are not significantly ditfcrrent considering 
rhe small number cdanimals in c x p n m c n t  
3. T h e  absorption rate appears to be two to 
three t i m e  larger for liquid water t h m  for 
saturated water vapor. Thcsc mults  on 
liquid water s h w l d  k' considemf on ly  as 
preliminary findings; and the possibility of 
extensive adsorption on the skin, resistant 
to thorough washing, should not be ovcr- 
lmlicd. So f3r as the eventual bod! burden 
is concemed, however, any such tightly 
adsorbed water is practically equivalent to 
absorption. Pinson" has rcportcd n o  differ- 
ence in the atsorption rate from liquid 
water or a saturated water v a p r  atmas- 
phew. 

R E L A T I V E  H A Z A R D S  JC P E R c u ' r A s ~ o u s  
V E R S U S  P U L M O N A R Y  A B S O R P T I O N  

OF 711'rlUH OXIDE V A P O R  

t'sing the value of 0.6.) for the absorp 
tion rate constant for human total tody  ex- 
p u r e  (Table I), a "standard man**lt dur- 
ing an eight hour period of e x p u r e  to the 
presently cstablirhcd permissible max- 
irnumil will absorb 360 gc through his 
sk in :  

.41wirpticn rrtr rimstant (0.R4) Xtotal skin area 
ft.wYi&m.*)*x time (4Ro min.)X tritium 
cirItlr c(mccntratiim in atmimphcrr ( 5  X i0 -P  
h.) i . y G M c .  

l O b f 8 l l  

Sitniliirly, h r  jwtiiir)ti;iry ;iI,sorijtion, ;is- 
s m i t i g  c*otiiplcte rctcntior\ ( ) i  inhnlcci 
tritiiiiii osidc, ;i v;1111c of p p c  i s  o!)r;litlcll: 

\.cllimc inspircil (I&c.) x tritiilnl 4tiitIr cc1ncr.n- 
tr:iti$m in nritiusphrrc ( {X  IO-;,,~,'CC.) = 100 pc. 

b'rctiii thew c;ilcul;itions it is ;ipplrrent t h a t  
prctitatirous d)sorption ;id pulmon;lry 
;iI)sotpti~~n contril)ute ;tpprosimately 
equally to the tor;il Iwdy Iwrden of tritium 
oxide :icqitirc.tl thrcwgh exp)sure to an 
.I tni osphc re con tiiiii in  ;I tcd H it  h t ri t i t i  m 
i d e .  

I he prcscnt periiiis4l)lc. tii;isiiiiiini level 
for a tniospheric tritium oxide cwni ;itti ina- 
t ion  was cst:tbIishcti wit hour considcra tion 
o f  prrcut;inmus d w r p t i o n .  .4 rriluc'tion in 
the prniissible .maximum by a f x t o r  of 
t w o  is thrrefore- suggested by the results 
of the present investigation. T h e  establish- 
ment of percutaneous absorption as a 
significmt hazard also emphasizes the 
inadequacy of ftspiratory protection alone 
in tritium oxide contan1in;ited atrrtu;  
phercs. 

.. 

SL'SIM.4 I( Y 

T h e  p r c u t a n m u s  absorption of tritium 
oxide-lalcled water vapor was studied in 
mice, rats and man. In ternis of pg. water 
absorbed. cm.*.'min. Cmm a saturated water 
vapor atmosphere, the r:itcs found were: 
for mice fatdomen), 2 0 5  5 ;  rats (ab4omen) 
5.7f'i.t; man (foreann) 8.6f 1.7. A sinUte 
total bcdy exposure to a human at 70 per 
cent telative humidity gave a rate of 1 8  
rg/cm','min. T h e  rate of water \.qmr ab- 
rorption in the r a t  was found to tK dirtct'y 
proportional to water vapor pressure. For 
P constant level of atmospheric tritium 
oxide, absorption of tritium oxide was in- 
der ndent of total water vapor pressure. 

It w'as rhnwn tl .it for humans the rate of 
pcrcutancous absorption of tritium fron a 
tritium oxide mntnniinatcd ;itmosphere is 
almut the same as the rate of pulmonary 
ahsorption from t!ie same atmmphcre. 
Way C. Thcmiwon 
Wadinlogicd j icnccs  i)cI*t. 
(kncral  F lc~  :ric Co. 
Riihland, 1'. ashington 
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