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Abstract

This report based on the experimental data
and calculated-dosimetric estimates for the first
time presents a discussion on the metabolic regu~
larities of radionuclides of the elements of va~
rious groups of the Mendeleev periodic system
when their solutions are applied to the skin.
Common features in the distribution of these agents
in the skin irrespective of their chemical origin
have been established. Essential differences in the
accunulation levels of radiocactive substances in
the skin and in the level of percutaneous resorb-—
tion have been found. It is shown that transfol-
licular route is the main way of radionuclide pe-
netration into the body through the skin.

In order to develop the problem of setting standards for
skin contamination with radioactive substances and to find
effective decontamination means, one must have proper data on
the regularities in metabolism of radioactive substances when
they come in touch with the skin integument.

Three consecutive stages in the metabolism of radioactive
substances are conventianally assumed as follows:

on the surface of the skin, within the skin and within

the bodye.

Te The analysis of the kynetics of radioactive contamination
of the skin and of the dynamics of its decontamination may
allow us t0 assume that radionuclides on the surface of the
skin are distributed superficially at least as three layers
/42 /. The upper friable and easily removed layer is formed
as a result of mechanical deposition of radionuclides (car—

riers). The second layer is formed due to ghysico-chemical
processes that determine the interaction of a radiocactive
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substance with active groups (radicals) of the skin superficial
structures. Formation of the third layer /* / is stipulated by
ionic exchange between the macrocomponent (the surface of the
skin) and the microcomponent (the radioactive ion)e.

Results of hystoautoradiographic studies allow us to come
to the conclusion that the main route for the penetration of
the majority of radioactive substances into the skin is the
transfollicular route and to a lesser extent it is the trans-
epidermal route /3 /.
2e Metabolism of radioactive substances within the skin layer
after their solutions are deposited on the surface of the skin
has been studied mainly by Soviet scientists /2"9/ as well as
by Japanese specialists /99 /., Methods of solving this complex
task have been found and use the technique of radiome%;y of
consecutive horizontal skin sections 20=-40 mm thick /~ /. This
allowed us to have data on the levels of accumulation, the mo-
de of the intercutaneous distribution and elimination from the
skin of pigs of uranium fission fragments (03157, Sr89, Baj40,
Y91, Ce141’144, Ndﬂ47, Pr145, TeﬂBZ' Mo99, 1151) /'5/ as well

as of P0210/57 and transuranium elements (Pu239, an?*) /‘4/.

Analysis of the experimental data has established that the
character of the distribution within the skin of uranium fissi-
on products is the same despite their chemical origin. The
characteristic feature is a sharp reduction in the concentra-
tion of radionuclides within the skin according to the depth of
the layers down to 200xm, a more moderate reduction in the
layer from 200 to GOng and almost a uniform distribution in
still deeper layers.

Analogous _regularities have been also noted in principle

for Po210’ Pu239 and Am241 / 4.5 /e
The curve showing the distribution within the skin of

fragmentary radionuclides down to the depth of 6OQMm is well
described by the following exponential equation:

e—qu e—sz e-sz
¢, =C (a + 8, + 8z ), where

Cx is the concentration of a radionuclide at the depth of x,

/wCi/(cmZVMm), Co is the concentration extrapolated to the
depth x=o0, x 1s the depth inf«m; a4y 8py 83 are the contribu=-

tion of each exponent to the general function of distribution;
K1y K2, K3 are the constants characterizing the gradient of
decreased” concentration for the corresponding exponents,/m\m
(see Table 1)

Experimental data and calculated absorbed doses within the
skin for f -sources of various energies prove the adequacy of
the surface distribution model for estimating absorbed doses of
/3 =radiation in the skin, beginning with the energy of 0.2 MeV.
In the case of more soft B8 =radiation sources, account should
be made of the contribution to the dose due to the effect of
radioactive substances that have penetrated into the skin / 3/.

Osanov and his colleagues /4 / have estimated experimen~-
tally the dose distribution function for a thin plane X =-source.
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While the general character of the intercutaneous distri~-
bution of radiocactive substances within the skin is quite of
one and the same type and does not depend considerably on the
time of the radionuclide exposition on the surface of that or—
gan, the levels of their accumulation within the skin differ
considerably. According to this index, all the radionuclides
that have been studied may be arranged in the following order:

I 7y
Ba 140> 01375 py23 Amzl”.

L

According to the data obtained by us, the maximum accumu-
lation of the radionuclides within the skin is achieved in a
relatively short interval after the radioactive solution is
applied onto the skin (within 15 minutes to one hour). The amo=-
unt of radioactive substances in the skin (the surface layer
BO/Mm(d%%g being §xcluded) is withi? tgggrange from 4-5 per
cent (I 210) to 0.1 per cent (Pu t
radionuclidepgpplied to thg surface of thg gﬁig?e amount of the

In order to study the intimate exchange mechanisms of
radicactive substances in the skin it is very important to have
data available pertaining to the peculiarity of their interac—
tion with various biochemical components of that organ.

Table 2 presents the data of the distribution of the radio=-
nuclides of molybdenum, tellurium, strontium, barium, yttrium,
cerium, praseodymium and neodymium between various skin.frace
tions tsoluble in lipids, soluble in wabter and residual).

3 These studies carried out in cooperation with Shvydko, NS,
/”/ have also considered the distribution of radionuclides in
the above mentioned fractions after their isolation from epi-
dermis, derma and subcubtaneous connective tissues. All the expe=
riments yielded identical results that testified to the fact
that despite their chemical origin, all the radionuclides pre=—
sent in the skin were mainly linked with insoluble proteins
agd)hardly solving inorganic compounds (phosphates, sulphates,
etCle

A relatively small amount of radionuclides interact with
lipids and proteins soluble in water. All this allows us to
suppose one type of mechanism that determines parameters of
ti@e for exchange and elimination of radionuclides from the
SK1Ne

This hypothesis is to some5 extent corroborated by the re-—
sults of preliminary studies /% /0 / aimed at estimating effec-
tive half-lives (Teff ) of a number of radioactive substances
in the skin (see Table 3).

As one can see from Table 3, despite the origin of a radio=-
nuclide in this or that group of elements of the Mendeleev
periodic system, they have a common feature which is a rapidly
exchangeable fraction (with Teff equal to several hours) that
accounts for 65=95 per cent of the amount of radionuclides
deposited in the skin. The contribution of the relatively slow-
ly exchangeable fraction (with Teff equal to several days) is
of the order of 5=-35 per cent.

3 The levels of percutaneous resorbtion of radiocactive sub—
stances into the body depend on the type of the chemical com~
pound and the aggregate state of a radionuclide. As can be seen
from systematized data obtained during our studies and from the
published data, the range of values of this index lies within
several hundredth fractions of a per cent up to several per
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cent of the amount of the radionuclide applied to the surface
of the skin. his allows us to classify radiocactive substances
according to their low, medium and high level of percutaneous
resorbtion. With due consideration to some exceptions depending
on the type of the chemical compound we classify the following
elements: uranium, thorium, transuranium and transplutoniup
elements, radionuclides of the sulphur subgroup (tellurium,
polonium5 as radionuclides with the low level of percutaneous
resorbtion (to the tenths fractigns of a per cent); radionuc=-
lides of the elements of the IIBG oup, uranium fission pro-
ducts as radionuclides with the medium level of percutaneous
resorbtion (from several fractions of a per cent to one per
cent) and radionu%lides of t%ﬁ alkaline elements, the chrome
subgroup, the VIIXR and VIII®2 groups of the periodic system

as those with high level of percutaneous resorbtion (more than
one per cent)e At the same time the analysis of all the avai-
lable data on the exchange of radiocactive substances being
applied onto the surface of the skin did not reveal any corre=
lation between the levels of their accumulation in the skin and
within the body. '

4e Comparison of the peculiarities in the distribution
within various organs and tissues of radionuclides of the ele-
ments of wvarious groups of the Mendeleev periodic system depen—
ding on the route of their entering the body, allows one to
conclude that the character of their distribution when they are
applied on the skin is the same as in the case when they enter
the gastro-intestinal tracte.

Under the conditions of additional total body X-irradia=-
tion, the exchange of radioactive substances applied onto the
skin varies insignificantly. Therefore, this factor should not
be listed among those that may aggravate radiation effects on
the living organism.

Table 1

The values of the parameters of the function

characterizing the change in the concentration

of/e -radionuclides in the skin according to
various depths

Parameter:a1 : a5 : az : Ky : K : K5
: H : -22 : -_22 f - ‘ .-25
Value HON 85‘0645 H 6-933[40 2 1.73x10 .2.96x10

s 00 o
o
L J
Q
o

*e

1374



Table 2

The distribution of radionuclides in wvarious
skin fractions, %

; Fraction
Radionuclide : n T

tsoluble in lipids;soluble in water; residual
Mo?? 14.542.5 29.646.4 55.948.0
pg152 11084246 " 6454146 8147411 otk
s 104342.7 A olelta3 750341742
Ba 140 114142.9 D742 4 810241143
171 1o 442.2 Bolis142 84424143
#1144 12454045 3484042 83474042
pr 142, na 147 5484047 1.94+0.1 924340.7

Table 3

The kynetics of elimination from the skin
of some radioactive substances

Radio- * ‘Deft,, ‘Meff,, ° *Biblio-
nuclide ;compound ;hourszper cent;days2 ; per cent;graphy
H> H0 1 95 12 5 (10)
cs127 CsCl 8 65 2 35 (10)
Py Pu(NOz),, 13 80 5 20 (10)
po=10 Po(NO5), 8 70 15 30 (5)
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