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PERCUTANECUS AECORPTION OF TRITIUM OXIDE*

By CHESTIR W, I)uLOfx”.j,f ROY C. THONT3ON, ¢ HALRY A, KORZ\"E.EI}Q
Biolegy Secticn, Reliclpical Scivsizes Dopatuzzst, Geeiel Q;‘:f:.’z Compary . 0

v RITIUM, the mass 3 radioactive

isotope of hydrogzn, promises to be-
come a widely used tracer for hydrogen in
biological and chemical studizs. Hazards
attendant on the handling of this isotope
arc limitcd to those from internal radiation,
the energy of its beta particle being so
weak (maximum encrgy, 0.c185 mev.) as to
_constitute no external radiztion hazard. In
part, then, the problem of Liazard evalua-
tion becomes one of studying the varisus
portals through which tritium, or com-

pounds containing tritium, may gain entry -

to the body. The present paper iz concerned
. with the hazards arising fromy a tritium
. . oxide contaminated atmosphere. - -
“.. . The two main pertals thiough which
“atmospheric tritium oxide may enter the
.. body are presumed to be the lunzs and the
- skin. The contribution of pulmonary ab-
" sorption to the total body uptake from an
stmosphere of known tritjum oxide content
.. can be readily calculated on the assump-
72 tion that all tritium oxide entering the
. Jungs is absorbsd. This assumption has
" been experimentally verified by several
" investigators,»1*1 The contribution from
.- absorption through the skin musct be meas-
" ured experimentally, The presznt investi-
" gation was made to determine the rate of
% percutaneous absorption of tritium oxide,
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' abcorption, and to investigate the factors
~ . which might be important in determining

a " or changing the rate of absorption. While

e pnfnci&g attention was focused on absorp-
tion from the vapor state, expzriments
were aleo parformed to compare the rate of

~ absorption of Liquid water, < 154, s

To the extent to which tritium may be
~considercd a legitimate tracer for hydrogen,

RICKLAYD, WASHINGTOX, =~ [ -7k s i 0
' : ' 3 B T SR b R i
general problem of the parmeability, of the . J.07
stin to water. Pozitive proof of the inward |

. to compare this with the rate of pulmonary
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passage of liguid water hzs auly rccg_nﬂ! s
b=zn reported.® A prelimirary note on our->
demonstration of the porcutancous ab-

sorption of water vapor has appeared i

the literature,? and a rccent review by
Pinson' alludes ta unpublished studizs on -
percutancous absorption of tritium oxide
performad at the las Alamos Scientific ..
Laboratory. s "'0% Uil el LS g
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Suljects and Expassre Procedives. Sub}ccta
emplo,ed were CF-1 strain mice, rats of the .
Sprazuc-Dawley strzin, and human, adule, %
vhite males. Except for a single totul body *
exposure of & human subjsct, 2ll expocures -
were to a circumscritd skin area, Unless other. '
wise apacified, expacures were for one hour at 2
30° C. Animals were exposed under nembutal
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Two systems were employed for expssure of ' 475
the skin to the tritum oxide-lalcled water " §:

vapor. The first of thexe, illustrated in Figure 1, B
consisted of & small cup contzining tritivm
oxide in water® supported above ths ekin inside
of a containing c}:::mb:r. This appzratus will
be subsequently referred to as the “static™
system, Because of inadequate saturation of d\e:,
gir in the system and because of the danger of 3
spilling liquid tritium oxide solution on the skin, %
a second type of apparatus, illustrated in Figure 15
3, was employed for the major portion of the "I
investigation. This “dynamic™ system consisted .}
of a hydrator into which dried air was med,ﬂfg;
via a sintered glass gas dispersion tube, through .-
a2 water solution of tritium oxide and thence !:.
" into a connected exposure chamber in which the* =
‘saturated vapor was passcd over the skin and -
“out into & dry ice trap. Control experimente ©°,
© b i o he et o i il
the }v'n‘c‘:l:l.um::d n::u‘ ':i»h.:.'::nr?mdy sreall, and that the
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_be unnecessary, - . .00 0T
" Arcas exposed were as follovs: human sub- .. ¢
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demonstrated that sateration in the dynamic
system was maintained at 65 pzr cont of the
*soretical values, In certcin of the esporiments

-which the effcet of venor pressure was to

v“’-} studicd, ths solution in the hydrating vessel .

contained varying proportions of dissolved

sodivm hydroxide, . -

* The exposure chambors were held azainst the - i

.

skin arca by application of slizhit pressure. The -

juncture was sealad with colladion in early
expcriments, but this preczution was found to

Jectz, 9.8 an.t cither on volar surfzce of forearm
or on &bdomsng rats, 6.6 cm? on abdomen;
mice, 2.8 em.? on 2bdomen. The arcas to be
expozed on rats and mice were shaved a day
prior to exposure, end any animzl whose skia,
was nicked in the process was direandsd. Ex-
posed areas on human sublects were not shaved.

The tatc! bedy exporure erperiment wes cone
ducted in a gae-ticht chamber spproximately ¢

~ foet on & side. Uncontaminated reepiratory sir
was supplied under slizht pressure through 8

_nosspiece and mouthipiece. A continuuus atream

of tritium oside-Jaleled water vapor was passed

tto the chamber at & rate of gpproximatel
_ liters per minute, Exit air was pased throug:

& large fonization chamber cunncctd to &
" pecording micro-microammeter, Biccause of the

largz volume of the exposure chamber it was
impassible to maintain exactly cunstant condi.

" tions throughout the ffty-tvo minute exposure

period. The cuncentration of tritium oxide in
the chamber atmosphere varied from 3.7-4.8

" pe/liter with a weiglited average of 4.2 pe/liter,

Temperature of the gir averagsd 30° C, and

the relative humidity averaged 70 per cent.

Percutancous Abzorption of Tritium Oxide

‘safins containing tiitiam oxide by

‘sorption was measured by anclydng :i:mp‘_ei:-:

“ . (T ~'\ . ‘,‘-;
with benzene, In the casc of rats & cardiac bload 247
“sample was also taken immzdiztcly following =ir
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repidity with which ebsorbed sricium oxide Jo°s
~ distribated in the body water, Sampling of :

. Courting of the samples for tritium acti

" ing methods: (a) gencration of hydrogen gasby:j
_addition of the water, blood scrum,ior urine

© gas In 1 G, M. tubx filled to stmospheric pres- e

" Fia, 1, “Static” skin exposure appara.t;i. o

-

.:.:‘ -::": .: ::‘:d‘..: ;'»“""..:'."'-:. ;.. ati v
, Tia. 2. “"Dypamic™ slin expecure spparatus,

=
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The subject was unclothed except for looses
fitting shorts, and was penspinng frecly during
mo:t of the exporure periad, - TS
Rats were expoacd to liquid ph
P

siological &
‘acing & '35
em. layer of the Eguid confined dn the female
end of a hemispherica! glass Joint over thie skin
arca. Salutions employed were warmed to 30%
C. before application, Folloming expasure, the,
Liquid was carefully removed, the exposcd area
wathed with detcrpent, thoroughly flushed
under a tap, and thon dried, -0 a0
Serpling ard Ceunting, Tritium oxide ab.

of bdy water obined by several diffcrent
methods, Rats and mice were sacrificed follow
ing exposuse, the carcasses ground, and total ;-
hody water scparated by azcotrcpic distillation 25t

-

2
2

re and analyzed as an indication of the'>

human subjects wés confined to a seriss of uring 3 :f
samples taken over s forty-cight hout period 2ini
following exposure. The peak urine aetivity,
attzined several ho*.irs_qul.qu}ﬁng exposire, W

used in caleulationy i+ 4 SRl R SATT N B dnn LA

“wis accomplishcd by one or both of the follows

sample to ¢alcium metal and counting of the &%

sure and externally quenched; (b) addition of %/ £-37%

the sample to calcium carbide for conversion to” .+ ¢
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acetylene, v Lich gas was then intredueed iito v...cr abecrlzd (“: £ ; cr tainute por ot

A m-mau m chambizr connveted to a vildating  okin grea, The o f'x‘ﬁr; s exployed {:. this
¢ pred electrameter, The reunit rm.(z:u.! Wi qv:’:::.y r.....h b € ..'u!...m. i ﬂ.- fu .-mx’ts :
" mezavund as a functlin of the L'::;f.. of tigie  mgnnees Lk : R S IRt

. .. Cooe by

reguined to disel: 21T 8 e tndurd melstive pos a0 e
Ctential, Currently the h...n-;m L350 G icer 1
caunter hias sopplanted the vibearing read
t:.':tm noter Lcu-.‘ c" eaxc and rap..."ty o

sar
T 4

mereticn and mainten [\va“ Cleained  ®here S i thie :cmf:t;.,n of £ 4si: x:.,r::‘t‘t 2
L thby of thee metliods are reprotudible  ®21er employed, in pefp, THE mwﬂfﬁ’z“ i

course, wssumcs that trisiie oads fonsioes O
as an ezl tracer ﬁxr watcs, L;... iz balogisd o
aluorpeivn gnd ia the p! xp it evarosatien €9
farmn the saturated ates et here, \&JI: HCF -
sumption cannot be stric :I“ veld, erres Eivo-
duzcd by the eseumipticn bs 1o dfr b g:-u..:r .
than other ernuss i derent m 155 teT e o sty “orl

h ¢ por cont .-’.!:“ru'c \'a!uﬂs may be

‘a,;:ct o c—::.'w crres due to ur .cortaintics in
. a 3&!..\\ taum.“u.:l b{(hs Iastruments ;"'ad
rv\\.r\...t’*- of sligle twvuf'- ¢ (rzctionation in
the gerveation of pzs samyios, Such alzolute
erurs BIT Rut of sionificence in the p"cv.'m

. MJ\, gince 2% congdusinn: 2re bawd on cum- 20y’

y ’rh‘ 8. ‘-c (™ xom ‘ v a
parisens of counts Dot of the counting values fur"m‘.!.! s ’J R c:cnf
pruscdune wili be deeriled by others W were experimentatly deee mincd £ e

Exprossicn ¢f Reswlis, Reults are expressad the rats and mire, and estzm:xrfd s: 1.8 por

. FEAY
in teo forrs, An ll‘:..!‘!’;‘utm rate comtant, K, Cent of tual ""';" ‘F‘T fit in the ez "‘ d‘*‘
human wb}ctu. R 8

A tsm unizsof potritium oxide :.lx.\u!ml r cm.’
P it pe 12 p«us-or.mmns Limmits ll«:al m,h yatues

st.13 ares por minute I, Tec. of mnum oxide
in ths s epiure armcytiare. In terms of experi- qut ard A are u..rd.ré! d.ma:f.. ofikamean
mentzlly ’ determined Quantitics, this cunstane 8t th 95 Ier ceat con “"'“ """

B cz!a.x. tedin thc following manners = 7

l

BEs , i - RESULTS A.\D n'scvssm: o LS
e, UG R The rcsults cltained from expociTe of
att J/C. - the various spacics to a saturs t“;! o- near .

STy gaturzted water vapor atmorphere are re-

w!oce U i d:c m'a! ru.um- o! body water ) . 5
(ten), € s the activity of the body water conded nTah c1 Data farna;ua ...;.fma!cé +
(e2/Tzer), A is the area exponad (em7), 2 s rats ard mice were eakulatad s.mtcxv,

- the duration of exposurc (mumto), and C, is but noscx diffcrence was spparent and the -
- thzegtivity cf d.cn'pmur: atmophare (sc'ec).  fesults for both gexes were combined, The™
: f‘.c'-:.. s are also exprors dast e qunntlt)'of ncsults obtained usm" t}c $1at1C EXPATUTE
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eer are Jow to en wnsertaln dozred for
cesoms previoudly dizewnncds They wre
inctuded in Talle touly fir puypuaa o
quatitative m:z:vzﬁ:.:m. t et b noted
Qata puthishicd provisusdy in o prelim-
nury rotd were clitained by the static
methind and are thatcfore not in spreement
with the bost valus Rere reported. The
weraric™ dota fom rats dncteded in Tabled
o Exlicate culte cloarly the enhanced al-
ptian eacastonad by shaving the cxpased
am S ce .. Lo .
P2 oM cases the values of K and & cal

tlu—;c

A ard
-t v wd

“aclarzd from cardize Llond s:.mr!cs are
u

3 cal-

thaa the corresponlding va

auland from gamples of the tota! body

the distribution
This cficct was
extenzively with

2ter, tndicating a b3 in

rosed and studizd mose

~ ghoTttorm exposurts by Fincon?® With
* peczect to the eventuol body burden,

vor, the valiuss bazed on samplss of total
=3y watr are of primary siznificancy,
tnec uniform distribution of the absorbad

7 getivity must corteinly cocar within 2 pe-
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—
o
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N
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Tt bady, BT
7 The exponment
4 wersexprsad with

o tion, 83

" rind of tine which & thert campared with

fia Iintogizal halfhife of eritium oxide in

alayer of cloth covering

o2 skn erea was desizned to evalaate pos-
IR

s efects of dsthing on porcutencous
- atearption. The cloth employed was heavy
 cotten matesial of the typs commonly
-7 found in laboratery coats and coveralls, -
. No effcct was obzzrved on total absarp-,
' {rdicated by the K values caleu’

fzsed froma total body water samples. There

- dnzs appear to be sn ingreace in the rate at
wlich the aboorhed activity appears in the
Sreulation as evidenced by the values of K

*_ealculated from the eardiae Wood sumples,

The data from hiwinea eubjects are char-

\J
acterized by a lack of agreement between
the resulze obtained for different expacure
sites. The agreament bowween the data

from 13 sublccts exposzd on the forcarm

was quite good, concidering the disparity

in physiques and the conscquent error in
- - [ WS IO

Percutanceus Abzerpt

how-

which a gories of rats

, L. LT

fon of Trithem Oxide - 71707 4 ‘10417

weter in ell cubiocts, While the two expo-’
gures to the shdenien were made using the
geatic eystem, the sezults are of qualitative
interest, since they indicate a higher rate:
conctant for the sbdomen than for the fores?
atm. The quantitative diffescnce is up=3
doubtedly greater than dhat indicated,
eince all of the data obtained with the
stutic system were low compared with re-
sults obtzined ueing the dynamic system.,
The single totz] body exposure experi=iiy;
ent indicates an absorption rate constant: 3
about three times as great as the constants
caleulated from forcanm exposures. Several:
. factors must be considercd in’ evaluating’
this result. First, it is obviously unsafe to
gencralize too extensively from the results’
of a gingle exposure, Second, the conditions
of this total bady exposure were comewhat’
diferent fram those which existed in the
fosearm exposurcs. While the forczrm “ex-:
fosurés were verformed in an ccsentially
" gaturated water vapor atmosphers, ‘the
everage por cent saturation during the S
totz] body expacure was only 70 pir cent.”
This difference, vhile influencing & valuss,
hould not affect K values, =s vt} be shown
Third, the subjsct in-©
volved in the total bady exposuire was one’
of the subjzcts included in the forcamm e
" pasure group, the K value from his forearm 3575
exposure being 0.23, thus strengthening -5
* the evidence for a real differcace In abeorp-i
tion rate between different skin ereats 433
" Pinsoa'has sutgested that percutehcous |
absorption of wuter vepor could be looked~
“upon timply ‘os the reverss phase of the’
physiological phenomenon’ of instasible
perepiration, If this Is the case,! and it
appears entircly reasonalile, then “the, e &
ensive data pre

R

viously colleéted “on, in:
eonsible percpiration should be pertinent to =
an understanding of percutancous abso_rtj;._

tian. Teble 1 Nats some of the results obs s
talned over the past thirty-five yeers, re-ci
calculated where recessary to’a commoR ‘i
bacls of p7. water loss per cm.? per mminute.: =
Whete oiisinal data were given in terms of
“the tutal boly surface an average skin area <

e &

el o © At e nt(i!mCds and it was furtha" )
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as:umcd that s: p*r ccut of thc tota! ln- and inwnrd movcmcnt of water thmugh
g=ncible water loss was viz the lungsd These  the chin. As such, they bear no ncccssa.ry
firurcs reprecent net water loss and con.  relationship to the mapnitude of either of :

:.‘ «
t



D of water Brerch the shin b idinticel of  twocases the thooreticel valuzs were based &
' ey £, ens would expect that high  on extrupolation, and the experimental ©
et et cooveiznt wo'd be gesaciated  frurcs are undoubtedly th2 more accurate
P with U s ofmovament in bae) diree  of the two. In calculating values of K,
¢ gomry b2 Bs evidant from an incpection of  theorctical €, values were used for experi.
= O desn of Talls 1 thot €0 rete of not ments 1-4 and experimental values for
| poere b varics consiterally in diferent  experiments § and 6. Valucs of Kand A in
g grozs. The cas eorics of stedics whish  Tabls 1t were baced e tritium determinas
1 33 e wolsr efzce of the forcarm tions on the total body water from the
Cetinas o Jover £zt for thl area then for expasad animals. Blasd samplss were also
 gny o grea mezsumal. It thus appears anclyzed arnd lod to valuss of K and 4
' pea enceeashls that the aversge to which were consistently abcut 70 per eeat S
tsdy rate of porcutanzons abzompdon  of the total body water valuss, indiseting 15
P o223 excosd tle forearm rate by gaveral gzain a time lag in the « uilibrztion of
M end, elthch busd ea e single de-  absorbad tritium oxide with the “total”
. gennioges, g vale el oty pofem}/min body water, o« o B RS F e aapC e
? sl eemosphiore B probotly a reasone © . Tt is evident from Tablett that the rate
P gy geeusnte msasuse of the toid body ‘of water absorption (&) is directly prepors’
Cporertzases shiomtisn rete constaat, - tiona] to water vepor pressure, It is alo
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EXITCT OF WATER VAIOR PRESMURE ON PERC

Pereutancaus Abzorption of Tritium Osidek . -

e e

N
Sy

UTANEOUS ABSORPTION OF TRITIUM OXIDE <070
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ental

“; Pats €3 the effoct of water vajor pres-
Tsnre o3 the porcut s abznepiion
e ectle tn rets ere summarized In
. Fabls ‘m, Theee exporiments were cone’
- ducted i 2 mannor exasly similir to the
excert that the water

T oghor erposuics,

vapor pressure

o)

. oy
g

Ly pddittan ef esdium hye
droxide in vatious coaccnrratlons to the
ticiem oxids eolutlon in the hydrating
" nber of the “dynamic® expoture ap-
. etas, Tallz it bista both the ccleulated
-© vapor pressure end tritlem concentration
of the atmosphere'¥ and thelr values ng
determined experimentzlly by sampling
the atmosphere. Satisfictory sgreement
¢ ‘ . Lo alia suwn Rinhaer
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) . : Thzortical Expetrim - f S "x ;
3 }L’\ﬂt x.'O:l -—‘! r“‘_‘ of \u b - v ) :'. - -.? a
. : t apor Conc.of . tsty c/emd/minf , A
‘\‘ o Mderiry |«?::¢ e, Prossure Tal, e1posed kelee) . 0‘..-'/ ‘,m,"/ mind
Lo (e 1) (e/cc) {mm. Hp (uefec) Sl TR
N ¢ n. =5 - 1 .38 » | amtt.as g0 k.
| | B 9.4 4-8 %0.3 . 4.68 . 11 a3y 3.3 %
¥ 3 0.9 1. 10,8 . . 1 Tusslt o 1.58
‘e 1] .4 1.5 547 . 1.8y 1 L Jdgteys 138 %,
: s " §0 1.09 §.85 . .3 10, .135t.cle Sost.
} ® ».4 c.9 ot $.73 o.M? - " e245%.c48 B T 4
: Cediantes o fimwand end cutwand passage  sodium hydroxide coscentrations, In theee

tlonality  between wa

in the exndcure atmosphere '

clear that the sbsorption of tritium axide,
from an atmocphere of constant trtiom |
oxide coateat (K) is Indeperdant of total

water ¥npor Prescurd. b

‘

The direct propot.3s
ter “whsorption” and:
pparts thz hypothe e
a mechunbm, for-Z
the hazard

watcr VapoP Fressure su
esls of & elmple diffusio
percutangous ;zb::rr‘stion. From g
‘erandpalat, the results Indicate that humidy <5
fty 1s not a factor to be considercd in expas 2.
gore conslderations, ¥ it I B
“ The nsults of liquid watcr absorF_n_pq;
‘ttudics on the rat are shown in Table 1v.3;
Abzosption” rates’ were calculated from
analyscs on total body water. The much’
higher values obtained from unshaved

imals must be attributed to trit'mm-hbd_g! b
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FERCUTANEOUS ALSORITION OF LIQUID
WATER EY THE RAT .

!'xpt. ‘\o. of Auxx.k.zry. Term
Na. Rats Treatinent CUAM /mm.)

1 17 Shaved r»zor toex- 1§5.213.0

| §  Unk "\cd 3131427

10.613.8

I B ¢  Shaved subsoquent
IR t expesure "

A ——

-

v...t.r adzarh ‘\l on tl c lz..lr erd included in
t!... tct'*l L=dy water detenainations. Shav-
ing cither before or after expasure reduced
thave -:s.'l"l*cr*.,a.zs of cxpariments 1 and
3 srenoteinn x‘?can y difcrent considering

&e small numberola ..:un..b in expaniment
3.1'” absorpticnsate zppeass to bz teo to
;' _ thres times larper for liquid water than for
" “saterated water vaper, Theer reculss on

fi7031 water ghould ke concidered only as

p.c!;mm..r} findingz; and tle poseibility of
 extensive gdzorplicn on the gl resistant

to tharouzh washing, thou!d rot be over- -
b:L.‘L So far as the cventuc! bady burden

s ecancomnad, hor.cver, any zuh ti;hitly
" gdsorlad wateris pro ﬂ\ cguivalent to
a‘l:::;"g ;. Finzon' b reportcd no ditfer-
S0 ente 8 the el:zorpiion rate from Liquid
2T water oF 2 z"'ur:..\.d water \apor atmos-

..‘-...

. \-,. .
-y B
B >

'3

T g ramIvE mzar.ns os ru.wn\ar.ous
v VERSUS wmo....r.\'ama*mox :
% .. OF TRITIL OXIDE VAPOR

" thon rate conztant for h..mun tozal bady ex-
“pasure (Tabls 1), & “stand

s

rr esently established  pormis
sany umum® Wil gloord 353
_.’1_:, . ‘ Llﬂ‘ ‘:. _‘_ ‘ . ,. '.-._

Abwp. = mt~ ¢c ta ('~ ?4))(::»..!

21
RS

u..!n arca
(13 Xsc'e 5 X thine (450 min)X tritlum
Caside cmcc..tr.tmn ln atmo:
Icc-)-swc-_. R

P - -,

‘ L I W

0828@0:

"l‘kh npfcn..b du mfd lHn tru ofl » l( nt! l7o em,

C. W, e lons, R. (, Thompson :de A. hombcrg

| Ustrg the 2 value of 0,63 for the nb.orp- 8
zrd man™? duﬂ B
s aneizht l*c.xr parind of expazure to the

ible max.-
y" thro ';‘1 l\h '

=hm (p(lo"*pc :

" Genera Electrie €oy .- ro00 e

JW' ’954

.,rmx!nr);, for pulmon ary absorpti ion, as-
suming complate reteintion of inhaled
tritium oxidc, o value of §00 pcis obtaineds |

Volume m:m.cJ (lo"cc) X tritium oxide: m‘;cmo o
tration in atmesplicre (5)(10";. cc)-s 509 ;u.

From these exletations it is apparent that,_ ;
percutancous aLs:*p:z:m and p'.:L..m..ry_ =
absorption  contribute  spprovimately .
cqually to thc to a1 bady burdsn of teitium -
oxide acquired through exposure fo an ™.
atmosphere cmramxn zcd v..da mtt:m' L
oxide.
The present p«.nm:sz..;: masimun lﬂd
for atmasphizric tnm.m oxide contaming-
tion was establisti=d without coz:..L.*Mtz.cﬁ_-;'
of p'-rrut:mco.x., absorption. A redustion i’ -
the permissills maximum by a factos d
two is th:rcfo:‘e suppested by the sesul ults 2
of the present favestigutisn Tae es::!mahp X
ment of percutancous cloorpiion 23 & 52
sxgmfc:mt hazard also mp..:sm ehe ¥
inadequacy of respiratery protection slong %
in tritium m!c co-xtamun.r‘-d ::mm- -
pheres. -0 i . LSl ‘
SEe T srnmnr
Thc pmntan*ous a!xu:p;m of fritium 3¢
oxidelabeled water vapor was uwﬁ.d @
mice, rats and man. Ia terms of ;g. w“tcrt‘ '
absotbed ‘em./min. from a satusatad water o %
vapat atmasphere, the rates found weres)
for mice (sbdoemcn), 202 givats (ebdomen) 1y
57;!; 113 man (foream) 6207 A slngle

: to»- a:l) cxic:.'t to a humen st 70 r.-:xj; 3.
' relative humidity g a seto of 282 -
,,,/cm' fmin, The vate of water veyar abe g &

gorpticn In the rot was foondtobe éi.“
propertional to water vaper r:ft"_rc. Far,
a constant kevel of atmacp re wl
oxide, abzorption of uiuum u:me wa3 In-'
de mlem of tadal water vapor pressurel <2 &
twessh o that for hum'ms the rate of
porcutencous abzorptien of tritium froth -
trittum oxlde ecntaminated etmaosphere Wl
abaut the sarae os the rate of pulmonary -
ab'arptlm fram the Kame amcsﬂwm. 2
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