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PERCUTANEOUS ABSORPTION OF TRITIUM OXIDE®*

Be CHENTER W, DLONGE ROY C, THOMPSON, and HARRY A. KORNBERG
Riddogy Nection, Radicgical Sciences Department, General Electric Company
RICHLAND, WASHINGTON,

RITIUM, the mass 3 radioactive

isotope of hydrogen, promises to be-
vome a widely used tracer for hydrogen in
Stlogical and chemical studies. Hazards
atten-ant on the handling of this isotope
are limital to those from inte-nal radiation,
the cnergy of its beta particle beiryg so
weak imaximum energy, €.018§ mev.) as to
consti.ute no external radiation hazard. In
part, then, the problem of hazard evalua.
tion becomes one of studying the various
portals through which tritium, or com-
pounds containing tritium, may gain entry
to the body, The present paper is concerned
with the hazards aricing from a tritium
oxide contaminated atmosphere.

The two main portals through which
atmospheric tritium oxide may enter the
body are presumed to be the lungs and the
skin. The contribution of pulmonary ab-
surption to the total body uptake from an
atmosphere of known tritium oxide content
can be readily calculated on tl.e assump-
tion that all tntium oxide entering the
lungs is absorbed. This assumption l.as
been experimentally verified by several
investigators.’'*!* The contribution from
absorption through the skin must be meas-
ured ¢ xperimentally. The present investi-
gation was made to determine the rate of
percutanecous absorption of tritium oxide,
to compare this with the rate of pulmonary
absorption, and to investigate the factors
which might be important in determining
or changing the rate of absorption. While
principal attention was focused nn absorp-
tion from the vapor state, ¢xperiments
were also performed to compare the rate of
almorption of liquid water,

To the extent to which tritium may be
considered a legitimate tracer for hvdrogen,
the results of this study contribute to the

general problem of the permeability of the
skin to water. Positive proof of the inward
passage of liquid water has only recently
been reported.# A preliminary note on our
demonstration of the percutaneous ab-
sorption of water vapor has appeared in
the literature,” and a recent r view by
Pinson'* alludes to unpublished studies on
percut: acous absorption of tritium oxide
performed at the los Alamos Scientific
Laboratory,
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Subjects and Exposure Procedures. Subjects
emploved were CF-1 strain mice, rats of the
Spraguc-Dawley strain, and human, adult,
white .males. Fxcept for a single total body
exposure of a human subject, all exprsures
weoe to a circumscribed skin area. Unless sther-
wise specified, expusures were for one hour at
30° C. Animals were expused under nembutal
anesthesia,

Two systems were emp':.yed for exposure of
the skin to the tritium oxide-labeled wa-er
vapor. The first of these, illustrated in Figure 1,
cunsisted of a small ap containing tritium
oxide in water® supported above th2 skin inside
of a contaning chamber. Th.< apparatus will
be subsequently refurred to as the “seatic”
system. Because of inadequate saturation of th~
air in the svstem and because of the danger of
spilling liquid tritium oxide soiution on the skin,
a second type of apg sratus, illustrated in Figure
2, was emploved for the major portion of the
investigation, This “dynamic” svstem cunsiste
of a hydrator into which dried air was passed,
via a sintered glass gas dispersion tube, throug'-
a water solution of tritium oxide and thence
ir ro a connected exposure chamber in which the
s.turated vapor was passed over the skin and
wut into a dry ice trap. “Control experimert.
" ® It will he recer mirel that the proportion of tritium oxide in
th- water sulutions was, masywi-<, extremely small, and that the
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corvioney which gas was then foadueed into
aenzatin Cumber comneerad toa vibnating
ol dactomerer, The currant produced was
measared as o function of the Teagrh of fime
requirad o discharge astandand negative po-
rental, Carrertly the hydrogen flled Geiger
countee has sopplanted the vibirating reed
chorrrirer because of ease and rapidity of
opemation and maintenance. Resalts obtained
by erther of these methods are reproducible
with # ¢ per cent, Absolure values may be
subiieet to greater error due to uncertainties in
the absolure calibration of the instruments and
possibilities of shght isotopic fractionation ir
the generation of gas samples, Such absolure
crrors dare not of significance in the present
study, since all conclusions are hased on com-
parisns of counts. Detailh of the counting
proce lure will be dexcribed by others !

Fxpression of Results. Results are expressed
in two forms, An almorption rate constant, K,
i~ 1n units of g¢ tritium uxide almorbed per em.?
skin area per minute per uc ‘tc. of tritium oxide
in the exposure atmosphere. In terms of experi-
mentally determined quantities, this constant
is calculated in the following manner:

Le,
T AC,

where U7 s the total volume of uxdy water
(liters), € is the activiey of the bodyv water
{uc lirer), A is the area exposed (cm.?), 7 is
the duration of exposure (minutes), and C, s
the activity of the exposure atmosphere (ue cc.).

Results are also expressed as the quantity of
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v, st

water absabed (in gt per minute per em.?
skin areas The symbol A s employed for this
quantity which s caleutated in the following
manner:

e,

/A

A

where N is the concentration of tritium in the
witer employved, in pe ‘wy. This calculation, of
course, assumes that tritium oxide functions
as an ideal tracer for water, both in biologica!
absorption and in the physical evaporation to
torm the saturared atmosphere. While this as-
sumption cannot b strictdy valid, error intro-
duced by the assumption is no doubt smaller
than other crrors inherent in this type of study

The values for totai volume of bexd: water
were experimentally determined in the cass of
the rats and mive, and estimared at 61.% per
cent of total luxly weight in the case of the
human subjects™

The plus-or-minus limits listed with values
of K and A are standard deviations of the mean
at the g¢ per cent confidence Jevel.

RESULTS AND DISCUSSION

The results obtained from exposure of
the various species to a saturated or near
saturated water vapor atmouspher . are re-
corded in Table 1. Data for male and f-male
rats and mice were calculated separately,
but no sex difference was apparent and the
results for both sexes were combindd. The
results obtained using the static exposure
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PERCUT NEOUS ABNORPTION OF TRITIUM OXIDE FAOM A SATURATED OR NEAR

SAIURATED WATER VAPOR
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suatem are Jow toan uncertain Jdegree for water in all subjects. While the two expo-
reasons previously  discussed. They are  sures to the abdomen were made using the
inluded in Table 1 oonly for purposes of - static system, the results are of qualitative
quaditative comparison. It should be noted interest, since they indicate a higher rate
that data published previousty in a prelim- constant for the abdomen than for the fore-
inary note* were obtained by the static arm. The quantitative differerce is un-
methad and are therefore not in agreement  doubtedly greater than that indicated,
with the best values here reported. The  siace all of the data obtained with the
“static™ data from rats included in Table 1 static system were low compared with re-
doindicate quite clearly the enhanced ab-  sults obtained using the dynamic system.
sorption occasioned by shaving the exposed The single total body. exposure experi-
area, ment indicates an absorption rate constant
In all cases the values of N and 3 cal-  about three times as great as the constants
culated from cardiac bloexd samples are  calculated from forearn exposur ;. Several
lower than the corresponding values cal-  factors must be considered in evaluating
clated from sumples of the total body  this result. First, it is obviously unsafe to
water, indicating a lag in the distribution  generalize too extensively from the results
of the absorbed water. This etfect was  of a single exposure. Second, the conditions

noted and studied more extensively with  of this total body exposure ~cre somewhat

short-term exposures by Pinson.! \With different from tho e which existed in t!
respect to the eventual body burden, how-  forearm exposures. While the forearm ex-
ever, the values based on sumples of total posures were performed in an essentially
Iunly water are of primary significance, saturated water vapor atmosphere, the
since uniform distribution of the absorbed average per cent saturation duning the
activity must certainly occur within a pe-  totzl body exposure was only 70 pe' cent.
rind of time which is short compared with  This difference. while influencing A values,
the hiological halflife of tritium oxide in  shoull not affect K values, as will be shown
the body. in later discussion. Third, the subject in-

The experiment in which a series of rats

sible effects of clothing on percutaneous exposure being 0.23, thus strengthening
absorption. The cloth emploved was heavy °the evidence for a real diff~rence in absorp-
cotton material of the tyvpe commonly tion rat: between different skin areas.
found in laboratory coats and coveralls. Pinson'* has suggested that percutaneous
No cffect was observed on total absorp- absorption of water vapor could be looked
tion, as indicated by the A values calcu-  upon simply as the revcrse phase of the
lated from total body water samples. There  physiological pl.enomenon of insensible
does appear to be an increase in the rate at  perspiration. If this i< the case, and it
which the absorbed activity appears in thé  appears entirely reasonable, then the <
circulation as evidenced by the values of K tensive data previously collected on ir-
calculated from the cardiac blood samples.  sensible perspiration should be pertinent to
The data from human subje. s are char-  .n understanding of percutaneous absorp-
acterized by a lack of agreement between tion. Table 11 lists some of the results ob-
the results obtained for different exposure  tained over the past *hirty-five years, re-
sites. The agreement between the data calculated where necessary to a comiion
from 12 subjects exposed on the forearm  basis of ug. water lnas per cm.? per minute.
was quite good, consicering the disparity Where original data were given in terms of
in. physiques and the consequent error in  the toral body surface an average skin area
assuming a constant proportion of body  of 1.6 A * was assumed, and it wa. further
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- volved in the total boiv expusure was one
were exposed with a laver of cloth covering  of the subjects included in the forearm ex-
the skin area was designed to evaluate pos-  posure group, the K value from his forearm -

o B d ol o el

DOE/HQ




Portion of “tnl)

Tota! bonds
Total bealy
Tatal |vul_\'

Indes Rnger tip
Tt tip
rna

ley

Bl of foot
Mantar surace, hedl
Palm

- Index finger tip
Lateral surface, arm
Mid plantar, fout
2nd toc tip
Check
Mid forehcad
Axilla .

ostenor surface, ley

Fhigh and flank
Mid epigastrium
Volar surface forcarm

F.pigastrium
Epigastrium

Total badv
Total by

Palm

Sole

Axilla
Epigastriom

Tota! body

Palm
Sole
Face
Arm, leg and trunk

WL Delong, ROCO Thompson and Ho AL Kon

Tavrn 1

INSESNSIHIE WATER LOSS PHROLGH THF SKIN
TUIFRAITURY VAILVES .

¢ 1 hese studies imlicate, s maximum rate, since dried (b wae passed over the skin.

assumed that g2 per cent of the total in-
sensible water loss was via the langs.* These
" hgures represent net water loss and con-
1itute the balance between the outward

l0b1815

State of Rase of Loss _
Skin (uyg. e n\in.) Fnvironment
Laving b3
Faving 6 0 -
Livir ¢ Paquad, ~2° F,
Living 122 -5 F.
l.!\'!ng ) §07; rell hum,
Javing 32
Fiving 1§ 2o W
Living 150 =7
Living 1he s rel. hum,
Living 159
Living 150
Living 140
Living 12
Living RS
Living =t
Living -0
Living 62
Living §1
Living 41
Living i°
l.iving 1y
Living and dead 100° =7 F.
Living and dead 100* s5° F.
Living 1A 250 F.
Dead 9 §0Cq rel. hum.
Dead 29 24° C.
Dead 18 =0%¢ rel. hum.
Dead 10
Dead 3.3
Living . 13 23° C.
: §15¢ rel. hum,
Living 70~-1%0 27° C.
Living [
- Living 40
Living 9

wery

}‘ ALV
Reference Year
(21) 151"
(1<) 1yl
(23) 1yi2
(14) tyqt
($d] T
{3 1y43
{24 1944
Q) 1944
1s) 194§
() 194h
™ 1948
(16) 1981

and inward movement of water through
the skin. As such, they bear no necessarv
relationship to the magnitude of cither of
these individua, processes. If, however, the

Var. 71, Noot

FrEFOT O) WA

tape. NaUH
N, Molar.as
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mechanism of inward and outward passage
of water through the skin is identical or
closely similar, one would expect that high
net water movement would be associated
with high rates of movement in both direc-
tions. Lt is evident from an incpection of
the data of Table n thac the rate of net
water loss vares considerably in different
skin areas. The one senes of studies which
included the volar surface of the forearm
shows a lower rate for this area than for
any other area measured. It thus appears
not unrecasonable that the average total
body rate of percutancous absorption
should exceed the forearm rate by several
fold; and, although based on a single de-
termination, the value of 0.84 uc’cm?/min
wc ‘cm.? atmosphere is probably a reason-
ably accurate measure of the total body
percutaneous absorption rate constant.
Data on the effect of water vapor pres-
sure on the percutaneous absorption of
tritium oxide in rats are summarized in
Table 1. These experiments were con-
ducted in a manner exactly similar to the
other exposures, except that the water
vapor pressure in the exposure atmosphere
was controlled by addition of sodium hv-
droxide in various cor entrations to the
tritium oxide solution in thc hydr. ting
chanber of .the “dvnamic” exposure ap-
paratas. Table 11 lists both the calculated
vapor pressure and tritium concentration
of the atmosphuie’ and their valvs as
determined  experimentally by sampling
the atmosphere. Satisfuctory agreement
wis obtained, except tor the two highest

I0b781b
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soxdium hydroxide concentrations. In these
two cases the theoretical values were based
on extrapolation, and the experimental
figures are undoubtedly the more accurate

of the two. In calculating values of K, '

theoretical 7, values were used { - expeni-
ments -4 and experimental values for
experiments § and 6. Values of K and A in
Table 111 were based on tritium determina-
tions on the total body water from the
erposed animals. Blood sam: les were also
analyzed and led to values of K and A
which ere 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 warer.

It is evident from Table 11 that the rate
of water absorption (4} is directly propor-
tior.al to water vapor pressure. It is also
clear that the absorption of tritium oxide
from an atmosphere of constant tritium
oxide content (K) is independent of total
water va or pressure. The direct propor-
tionality between water absorption and
water vapor pressure supports th hypoth-
esis of a simple diffusion mecharism for
percutaneous absorption. From the hazard
standpoint, the results indicate that humid-
ity is not a factor to be considersd in expo-
sure consideratinns.

The results of liquid water .bsorption
stucics on the rat are shown in Table 1v.
Absorption rates were calculated from
anilyses on total body water. The mucl

~h her values obrained fron. unshaved an-
“imals must be attributed to tritium-lab-led

DOE /HQ

DGt O 1N

i
Y
5 3
L%




134 C.o WL Deliong, ROCOPhompeon and H. A, Kornberg

Tante 1V

PERULIANFOUN ARNORITION OF 110 10
WAILER MY I1'E RAT

Fape. Nooaof Auvniliary .
N! Futs ‘Treatment Gae em.7 min.)
) 17 Nhaved prior toexe 9523 1.0

l\l.\”rf
2 ¢ Unshaved al.irg.T
R §  Shaved subscquent 12,65 3.8

to exjpasure

water adsorlred on the hair and includead in
the total bexdy water determinations. Shav-
ing cither before or after exposure reduced
the values. ‘The results of experiments 1 and
3 are not significantly different considering
the small number of animals in experiment
3. The absorption rate appears to be two to
three times larger for liquid water than for
saturated water vapor. These results on
liquid wuter should be considered only as
preliminary findings; and the possibility of
extensive adsorption on the skin, resistant
to thorough washing, should not be over-
Jonked. So far as the eventual body burdén
s concerned, however, any such tightlv
adsorbed water is practically equivalent to
absorption. Pinson!® has reported no differ-
ence in the absorption rate from liquid
water or a saturated water vapor atmos-
phere.

RELATIVE HAZARDS OF PERCUTANFOUS
VERSUS PULMONARY ABSORPTION
OF TRITIUM OXIDF. VAPOR

Using the value of 0.84 for the absorp-
tion rate constant for human total body ex-
posure (Table 1), a **standard man'"" dur-
ing an eight hour period of exposure to the
presently  established permissible max-
imum® will absorb 360 uc through his
skin: :

Absarption rate constant (0.R4) Xtotal skin area
(Lx> 10m)*X time (4R0 min) X tritium
oxide concentration in atmosphere (§ X107 uc
fec.) = o uc,

® Ti «represents the total skin area of 2 ~o kg. and 170 «m.

10b1811
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Similarly, for pulmonary absorption, as-
suming  complete  retention of inhaled
trittum oxide, a value of ¢oo ue is ubtained:
\'ulum.c inspired (10%¢.) X tritium oxide concen-
tration in atmosphere (§X107%c¢,'cc.) = 00 pc.

Irom these calculations it is apparent that

~percutancous absorption and  pulmonary

absorption  contribute  approximately
equally to the total body burden of tritium
oxide acquired through exposure to an
atmosphere  contaminated  with  tritium
uxide.

_ The present permissible maximum level
tor atmospheric tritium oxide comamina-
tion was estiblished without consideration
of percutaneous absorption. A reduction in
the permissible maximum by a fuctor of
two is therefore suggested by the results
of the present investigation. The establish-
ment of percutaneous absorption as a
significant  hazard also emphasizes the
inadequacy of respiratory protection alone
in trntium oxide contaminated atmos-
pheres.

SUMMARY

The percutancous absorption of tritium
oxide-labeled water vapor was studied in
mice, rats and man. In terms of ug. water
absorbed ¢m.! ‘min. from a saturated water
vapor atmosphere, the rates found were:
for mice (abdomen), 20+ 3; rats (abdomen)

§.741.1; man (forearm) 8.6+ 1.7. A single
total body exposure to a human at 70 per.

cent relative humidity gave a rate of 18
ug/cm*,/min. The rate of water vapor ab-
sorption in the rat was found to be direct'y
proportional to water vapor pressure. For
a constant level of atmospheric tritium
oxide, absorption of tritium oxide was in-
der ndent of total water vapor pressure.

It was shawn tl at for humans the rate of

percutaneous absorption of tritium fron a
tritium oxide contaminated atmospherc is
ahout the same as the rate of pulmonary
ahsorption from t'ic sume atmosphere.

Roy C. Thompson
Radiological wiences Dept.
General Eleioric Co.
Richland, W ashington
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