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SUMMARY

Data are presented on the absorption of tritium oxide vapor tarough
human skin. Under the experimental conditions used, the average rate
constant was found to be 0,28 £ 0, 08 w,c/cxnz skin/min per pc/cc of
atmosphere for the forearm exposures, but some of the data suggested
a higher rate constant for other portions of the body surface. The
effects of various parameters on percnutaneous absorption are discussed,

and the relationship of the data to eiimatior of marimum permissible
limits {s mentioned briefly. ‘
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PERCUTANEOUS ABSORPTION OF TRITIUM OXIDE

INTRODUCTION

Before tritium production was begun at Hanford, a study was made
of possible sources of personnel contamination, and recommendations
were offered for control of these hazards (1). In spite of such measures,
personnel contamination became a problem in the tritium separation pro-
cesses, and the Biology Division was asked to aid in the total evaluation
o! the hazards involved (2). Studies on absorption and metabolism of
tritium and tritium oxide were undertaken, and this report concerns one
phase of these studies, that of percutaneous absorption of tritium oxide
vapor in the human subject. The rate of uptake of tritium oxide from a
saturated atmosphere was measured and is reported here as the calcu-
iated rate constant for this absorption process, Data are not available
concerning the changes 1n rate of uptake brought about by factors such
as variations in vapor pressure, temperature, humidity, etc., nor has
work been completed on absorption of uncombined tritium.

An article by Szczesniak, et al, (3) summarizes briefly previous
work reported on the percutanecus abtsorption of liquid water in contact
with the skin. Rothman, in two extensive literature reviews covering
the period {rom 1820-1943 (4,5), conciuded that water 1s not absorbed by

-mammalian skin; but Szczesniak, using deuterium oxide as a tracer,
provea conclusively that water enters the circulation through the skin of
the rat,

On the basis of data from one human subject, Pinson (6) cstimated

* the rate of percutaneous absorption of liquid water i1n contact with the
skin to be 50 x 10-6 g/cmllmin. In contrast to this, we have calculated
an atsorption rate of 830 x 10-6 g/cmZ min on the basis of data from a
s.:m.lar experiment on one rat.

We have chosen in the present investigation to limit ourselves to
study of absorption from the vapor s:ate hecause this 1s morée nearly re-

presentative of conditicns under which personnel wiii be exposed to

[ ]
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tritium oxide in separations processes. Some of our preliminary work
with rats on absorption from vapor is in process of publication (7). In
this work we found that the absorption rate for rats is of the same order
of magnitude as that for human subjects.

METHODS

Exposure Equipment

Exposures to vapor containing tritium oxide were accomlished in
two ways. In pilot experiments a closed system was employed, this in-
volving a reservoir of tritium oxide water solution in a small cup inside
the exposure chamber and placement of the chamber on the skin, no pro-
vision being made for active circulation of the vapor (Figure 1), The
main series of exposures was made with a dynamic-type chamber which
sermitted passage of a stream of vapor over the skin (FPigure 2). Equip-
ment for the dyriamic system consisted of a hydrator in which dried air
was passed through a sintered glass filter stick into the water solution of
tritium oxide, and the chamber itself in which the saturated vapor was
passed over the skin and out into a dry ice trap.

The dynamic chamber was designed to eliminate uncertainties as to
the rate and degree of e juilibration of liquid and gaseous water, Periodic
sampling of the chamber atmosphere was carried out for the closed sys-
tvm experimental work, but was discontinued for the dynamic system be-
cause of the considerable difficulties {nvolved, Atmospheric tritium
oxide concentration was simply calculated on the assumption of complete
saturation with water vapor under the experimental conditions employed.
The‘temperature of the hydrator and exposure chamber was maintained

at-30°cC. £ 2°c. by a warm air blower. Ambient temperature varied
from 20-25° C.

Exposure Program

This was divided 1nto p:ilot studies employing the closed system ex-
posure ~hamber and a singles main series of exposures employing the
dvnamic exposure chamher, The former :ncluded;

Lty ie
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1. Low Level = 8.75 mc/cc aqueous phase or 0. 28 uc/cc vapor yhase,
Sites: upper central abdomen, Subject #1
central portion of axilla, Subject #2
2. Intermediate Level - 75 mc/cc aquevus phase or 2.3 uc/cc vapor
phase ' '
Sites: upper central abdomen, Subject #i
dorsum of forearm, Subject #2
3, High Level = 200 mc/cc aquecus phase or 6.1 uc/jcc vapor phase.
Site: upper central abdomen, Subject #3

The main series consisted of exposure of subject #2 = #12 to a level
of 200 mc/cc aqueous phase or 6.1 uc/cc vapor phase, the site in all cases
being the Aorsum of the forearm.

The arca exposed, 9.8 cmz, was not treated or shaved, and the ex-
pusurc chamber was held 1n place by gentle pressure. The perinds of
exposurc were uniformly one hour. All subjects were healthy adult males,
and each was rrequested to maintain normal dietary and fluid intake during
the sampling period. Urine sampling was chosed as the most convenient
method of following tritium oxide concentrat:on in the body fluids, In
those subjects who were exposed more than once (#!, 2, 3) the later ex-
posures were carried out only after the urinary tegtium oxide leve! was
helow the detectable limit of two mirrocuries per liter. All pre-exposure

urine samples were less than two pc/L

Analysis of Samples

Analyses were carried out in a Ry’ -ogen counter (8), the hydrogen
being gencrated by adaitioa of urine samples to calcium metal with
calcium chloride catalyst. Samples were also analyzed by the vibrating
reed electrometer method in which urine samgles are added to calcium
carbide for conversion to acetylene (9)

Because two analytical methods were used, 1t should be pointed out
that, statistically, there was no sign:ificant difference between values ob-
tained by the two methods, nor was 'here 8 significant differcnce hetween

values of samples obtained six hours after exposure and values of samples
PIuGuTs
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taken the morning after exposure (16-25 hours). The standard deviation
of any individual urine sample from one subject was ¢ 4.5 per cent;
hence in calculations of absorption rates the average of four values (two
determinations by diffcrent methods on each of two urine samplcs) was
used,

Calculations
The mctnod for calculation of the absorption rate constant (k) was as

follows:
U Cl
ke x7T,

U <« Volume of body water (liters)
C; = Concentration of tritium 1;'1 body water (uc/l)
A = Area of skin exposed (cm’)
t = Time of exposure (min. )
c. - Concentration of tritium oxide in vapor (uc/cc)

e

Thus the pate constant is in units of pc/cmz/m'm/yc/oc.

RESULTS

In Tables 1 and 2 are lisicd for each subject th~ pody weight, body
water, site of exposure, average post-exposure urine activity, and
absorp'ion rate constant, Body water is calculated un 2 basis of 2 per
cent of body weight, as found by Schloerb, et al (10), rather than on the
hasis of 71 per cent as recommended by the International Commission

- on'Radiological Protection (11}.

Results from the low level pilot study were not tabulated because
the urinary tritium activity was below the detectable limit.. Th.s demon-
strated that the 8. 75 mc/cc aqueous phase, or 0.26 uc/cc vapor phase,
was an insufficient concentration for tritium ox.de vapor abscrption
studies. The intermediate level of 75 mc/cc aqueous phase, or 2.3

- pc/ec vapor phase, was sufficicnt for detection but not adequate o pere

mit accurate analysis, Therefore a level of 200 mc/ec aqueous phase,

e
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Pilot Studies, Intermediate and High Level

| .
iSubjec-t Body Wt, | Body Water |[Exposure At{:::?dety Absorption Rate
Code (kg) (liters) Site (nc/l) Constant
o1 5.8 41 Abdomen 1 0.33
| 88. 5 85 Forearm 5.3 0. 22
ll 3 68.0 42 Abdomen k) 0.37
TABLE 2
High Level Study®
i
' lirine
Subject Body Wi, Body Water Activity |Absorption Rate
; Code (kg) (liters) (uc/l) Constant
2 88.5 55 15 - 0,23
i3 68.0 42 18 0.2l
o4 97.5 6l 13 0.22
bos 79. 4 49 18 0. 26
. 6 113. 4 70 18 0.32
I - 80,7 50 17 0.23
1 8 70.8 44 18 0. 22
- 88.5 55 30 0. 46
10 72.6 45 26 0,32
! 9.4 49 28 0.39
D 8l. 6 51 19 0.27
- ]

* Site of cxposure was forearm n all cases,
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or 6.1 uc/cc vapor ohase, was chosen as being most approgriate for pro-
ducing easily detectab!e tritium oxide concentrations while avoiding body
concentrations greater than the permissible maximum of 200 pe/l (U
From Tablc 1 we see that subjects | and 3, in whom the exposure site
was the upper abdomen, exhibited an absorption rate constant of 0.33 and
0.37 respectively. Subject 2 shows a rate constant of 0.22 in Table !l and
©.23 in Table 2, the exposure site peing the dorsum of the forearm in
both exposures. This suggests a slightly lower rate of absorption from
the latter site, and strengthening this impression is the fact that the rate
constant for subject 3 was less for the dorsum of the forearm (0. 21) than
for the upper abdomen (0. 37).
The average rate constant for exposures made on dorsum of forearm
45 0,28 £ 0,08 pc/cmz/min/uc/cc. This standard deviation of 28 per cent
{s about the same as that for the urine activity average for all subjects
together, 27 per cent, which indicates that including the aount of body
water in the calculadon for a rate constant does not aid in standard:zing
results. Possible reasons for variations in rate constant are cons:dered

in subsequent discussion.

DISCUSSION

The foregoing results were obtained under a single set of carefully
controlled conditions. vVariation in these conditions would be cxpected
to influence the rate of percutaneous tritium oxide absorption. While the

“eflects of such variation cannot be accurately asses.;ed at the present

... time, one can make qualitative predictions as to their influence,

The effect of temperature on the absorption process has not been
studied, tut a large effect would not be anticipated. The effect of the
partial pressure of water vapor in the atmosphere on tritiuin oxide af-
sorption is onc which is being currently 1nvestigated 1a extensive expéeri-
ments on rats. Preliminary results would segern 10 indicate an increase
in the value of the rate constant for tritium oxide absorption with decreas-

Ing watep vapor pressuroe. This 1s rcasonable if one thinks of the per-
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cutaneous absorption of tritium oxide and of ordinary water vapor as

being competitive processes,

For chronic exposure to an atmosphere containing tritium oxide,
ordinary permeable clothing would be expected to have no effect on per-
cutaneous absorption, However, for momentary, sharp increases in air
gontamination levels, such €lotfiutig wouid probabiy offer considerabie

protection,

In addition to these environmental factors, a number of variables
is inherent in the biological system involved. Individual variation is
common to all biological processes and is difficult to assess cxccpt by

extensive measurements on a large number of subjects,

. The obvious differences in skin from site to site would lead onc to
chp'ect some difference in absorption rates at various locations, Cur
' data suggest that the rate of absorption from abdominal skin is nearly
twice that from the forearm, but the paucity of tests precludes any defi-

nite conclusions,

Body water content is not strictly a function of body weight but de-
pends upon the amount of fat present; as the amount of fat increases, the
percentage of body water decreases quite rapidly (10), This would not
infl jence the actual absorption rate, but would introduce an error in the
calculation of the rate from body wateg activity meésurements. In the
present investigation, the calculated gpate cons*ants might have been more

uniform had the body water cowtet of €ach subject been measured,

Skin defects, such as cuts or abras.ons, definitely affect absorption,
Data from rat experiments indicata that a8 very small wound in the e¢x-
posure area tncreases the absaorp*ion rate by a factor of ten or mors,
With a large area of nearly two squas® weters, as 1n human subjects | the
effect of sma’l ccts is difficult to assess, but the absorption rate will
increase if skin breaks are ptescnt,

Using the average rate constant of 0,28 ue, cmz, min:upe, ce,

with reservations tmplielt in the above discussion, the body burden of

NERTNE
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tritium oxide from skir cbsorption over am eight hour period can be calcu-

lated in the following manner?
6
kAtC, = (0.28)(Lax10%) (480)C, - 22210 C,

where k is the rate constant, A is surface area of a 70 kg and 170 cm man
(12), t is time in mninutes and C_ is concentration of tritium oxide per cc
of air, The body burden from inhalation in the same period would be 10
Ce' where 10 is the number of cc inhaled per eight hours (11). Thtsxs the
total body burden from the two sources would be 10 C +2.42x10 Ce

or approximately 1,25 x 10 C , which means that skin absorption contrib-
utes about 20 per cent of the total. This percentage might well be con-
siderably higher than 20 per cent, since, as indicated in the previous dis-

_cussion, our experimentally determined rate constant is a conservative
figure.

The significant contribution of percutaneously absorbed tritium
oxide 0 the total body burden derived from the atmosphere would seem

to be a factor worthy of consideration in the establishment of maxinium

.+ permissihle levels of air cocatamination. The currently accepted MPL of

5x 10-5 pc/ce (11) was based on considerutions of pulmonary absorption

... only. Our present data are hardly sufficient to warrant any quantji‘ative

recommendation concerning recalculation of the MPL. They do suggest,
however, that eventually some revision may be necessary. They also

emphasize the fact that respiratory protection alone cannot be relied upon

" . to protect u person in a highly contaminated atmosphere.

- We have intentionally avuided discussion of the mechanism involved

- in percutaneous absorption of water, This is a mor« fundamental problem,

-+ not bearing directly on hazard control research, and will require more

detailed study of the phenomema. Research is being cantinued, imeluding

.- gtudies om pctcutaneoys ebsotption of irsium gas.
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