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CONTRIBUTION TO THE PENETRATION OF RADIONUCLIDES
ACROSS THE SKIN. CONCENTRATION DEPENDENCE OF 60Co

PERMEATION

Zoltdn Kassai, VasttKoprda, Margita Harangozo
Chemickotechnologickdfakulta STU, Radlinskeho 9, 812 37, Bratislava

The health consequences of skin contamination with radioactive substances are
radiation damage to the skin (local injury) on one hand, and possible secondary internal
(systemic) uptake of radionuclides on the other [ 1 ].

Uptake of radionuclides by skin is fully different in case of intact skin, than it is in
case of damaged skin, being from tens to hundred times higher in case of skin scarified,
burned or wounded.

Substances may enter (or leave) cells by:
• passive diffusion (the rate is a function of the difference between the external and

internal concentration of a substance),
• facilited diffusion (characteristic saturation rate is achieved because the process

depends on a finite supply of carrier molecules),
• active transport (is characterized as an energy-requiring process, with saturation

phenomenon, able to work against concentration gradient, showing a competitive
inhibition),

• pinocytosis (phagocytosis-like mechanism facilitating the absorption of large
molecules).

There exist three main routes of entry for substances into an organism through
human (annual) stratum corneum (horny layer) that represents the major rate-limiting
skin barrier:
• Intercellular route (mostly lipid domain);
• Transcellular route (mostly proteinaceous domain);
• Appendageal route (hair follicles, sweat ducts, sebaceous glands).

Radioactive cobalt belongs to frequent potential contaminants of human body. Its
60Co radionuclide belongs to the most dangerous components of the activated
radionuclides in construction materials of nuclear piles.

Aims

• Using radioactive indicator 60Co to determine the speed of permeation of Co2+

across the skin depending on concentration of Co2+ in donor vehicle.
• To research the dominant routes of radionuclide permeation (intercellular ,

transcellular or appendageal).
• To assess the time profiles of Co2+ penetration across the skin.

Experimental

The experiments were done using double charged Co cation. The radionuclide
60Co was used with its chloride carrier CoCl2. Experimental arrangement consists of
Franz-type vertical permeation cells [2] (active area 0.8 cm2), used with fresh skin from
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abdominal region of 5 or 9 day old rats (5DR, 9DR resp.) of Wistar strain (Breeding
Farm Dobra Voda, SK). 5DR are still hairless and 9DR are just short haired.
The 5DR skin was used either intact or with different thickness of horny layer after the
skin had been stripped with adhesive tape (Scotch 3M) [3] 10 and 20 times, or the skin
had been splitted (30 sec. in 60 DC water), whereby the whole epidermis was removed.
Ions, penetrated through the skin from donor solution (vehicle water) to receptor
solution (phosphate buffered saline, 1:9; pH 7.4), were determined in aliquots (0.3 ml)
sampled in 1, 3, 5, 7 and 24 hours. The permeation cells were kept at 32 °C (surfece
temperature of the skin) during the experiment. The volume of donor compartment was
0.3 ml, the volume of receptor 7.3 ml. The concentrations of carrier in donor solutions
were different (from 0.01 % to 1.0 %). The radionuclide 60Co was measured by means
of Gamma Automat, Tesla, SK. Permeated fractions and fluxes were calculated
regarding the sampled amounts by the homemade PC-program PERMEA.
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Fig. 1: Time profiles of permeated fractions of Co2+ across 10 times stripped skin at
different donor carrier concentrations

Fig. 2: Time profiles of permeated fractions of Co2+ across 20 times stripped skin at
different donor carrier concentrations
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Results and Discussion

The results in Fig. 1 and Fig. 2 show that the penetrated amounts of Co2+ are
proportional to time for at least in the first 7 hours. The results of permeation of ions
across the intact, 10- and 20 times stripped skin at the same concentration showed that
the more is the skin stripped, the more enhanced the penetration of ion is. The
penetrated fraction was approximately 20 times higher in case of 20 times stripped
skin than in 10 times stripped one.
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Fig.3: Time profiles of permeated fractions of Co2+across intact, 10-, 20 times stripped
and splitted skin at donor carrier concentration c = 0.1%

The results certify the fact that stratum corneum represents the most important
barrier function of the skin. The penetration of Co2+ through the intact skin is less rapid
than through 10-, 20 times stripped skin and yet far less rapid than in the case of splitted
skin, as can be shown from Fig. 3. In the case of splitted skin the permeated fraction is
roughly 300 times higher compared to the intact skin. Comparing penetration Co2+ ions
through the 5DR skin (yet without hairs) with just haired skin (9DR), it was certified
that the additional, transfollicular [3] shunt flux through the channels along the hairs
(follicles) can be an important value comparing to transepidermal flux across the
compact stratum corneum. The results in Fig. 4 showed that in the case of 9DR skin the
permeated Co2+ fraction is about four times higher than in the case of 5DR intact skin.
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Fig.4: Permeated fractions of Co2+ through the skin with (9DR) and without (5DR) hairs
at donor carrier concentration c = 0.1%
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Fig.5: Time profiles of permeated fractions of Co across splitted skin at different donor
carrier concentrations
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Fig. 6: Time profiles of permeated fractions of Co2+ across the intact skin of 5DR at
different donor carrier concentrations

The results in Fig.5 and Fig. 6 showed, that at the lowest concentration of
Co2+solution the permeated fraction is six times higher than at the higher concentration
of cobalt ions. The lower is the concentration of Co2+ the higher is the permeated
fraction (as the permeation fraction express the relative values) and on the other side, at
these conditions, the lower is the concentration of Co2+ the lower are also the penetrated
absolute amounts of substances.

Conclusion

Concluding it can be said, that:
• the permeated fractions are the higher the lower is the concentration of Co2+ in

donor solution,
• the permeated amounts of Co2+ are proportional to the concentration of these ions in

donor vehicle,
• the dominant route of Co2+penetration is along the follicles,
• it was proved that the principial penetration skin barrier for Co2+ is the horny layer.
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