I work in the Laboratory of Radiochemistry in The National Institute for Nuclear,
Chemical and Biological Protection close to Prague in the Czech Republic. Our institution
is one of two radiation protection organizations established by the Czech State Office for
Nuclear Safety.
Now I would like to talk to you about my research in the radiation protection field. The
aim of this presentation is focused on „Decontamination of Protective Clothing against
Radioactive contamination“.
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At the beginning of my presentation I would like to mention the structure of my study,
which is as follows:
The first point is the goal of the study and reasons why lanthanum 140 was used
The second step will be information about how the radionuclide lanthanum 140 was
prepared and how the analysis of irradiated sample was carried out
The next step includes brief information about the chosen radiation protection clothing
Then I would like to speak about how the contamination mixtures were prepared
Shortly afterward I would like to speak about the contamination process, measurements
and decontamination process
In the last point I will talk about the obtained results and discussion of them
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The radionuclide 140La was chosen as the radioactive contaminant because it is
suitable for these types of experiments due to its short half-life (1.678 days), and
its decay product 140Ce is a stable nuclide; and moreover, 140La was released as
one of the refractory radionuclides during the Chernobyl accident.
There are many possibilities for determination of lanthanum 140, because this
radionuclide is a beta and gamma emitter.
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http://hp.ujf.cas.cz/~wagner/prednasky/spektroskopie/neutrony/interakce.ppt
(downloaded 4/5/2014)
The radionuclide 140La was prepared by irradiation of isotopically natural
lanthanum nitrate (analytical grade was 99.1 %) in 0.1M nitric acid solution in a
nuclear reactor LVR-15 in the Research Centre Řež (in the Czech Republic). The
equation that describes the thermal neutron irradiation of the majority isotope
(99.91 %) is as follows: 139La(n,γ) 140La.
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The sample which was irradiated by thermal neutrons was composed of lanthanum
nitrate (analytical grade 99.1 %) and 0.1M nitric acid solution. The chemical composition
of input lanthanum nitrate hexahydrate can be shown in the table. Natural lanthanum
has two isotopes: lanthanum 139 (abundance 99.91 %) and lanthanum 138 (abundance
0.09 %).
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The most probable radionuclide impurities generated during the irradiation in
the solution are two beta emitters (red colour in the text): 35S (its half-life is 87.5
days) and 36Cl (its half-life is 3·105 years). Both emit beta electrons and can be
detected by liquid scintillation counting.
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Spectrum of Cerenkov-radiation (red curve) vs. spectrum of the beta emission (blue
curve) which was measured by liquid scintillation counter Hidex 300 SL.
140La

is a hard beta emitter, and its activity may be determined by LSC
measurement of the beta emission as well as by measurement of the Cerenkovradiation. Spectra which were obtained from LSC (liquid scintilation counting).
The most significant beta endpoints are shown in the picture on the right down.
The decay instability over 600 hours in an aliquot of the irradiation sample was
detected by liquid scintillation counter, and then a decay curve was constructed.
The experimentally determined decay constant of the irradiation sample, which
is expressed as a negative slope in natural semi-log scale of the decay curve (see
in Figure 1), is equivalent to the tabulated value for the decay constant of 140La
(0.0172 h-1). The results confirm that the irradiated sample did not contain other
beta emitters with significantly different half-life.
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In addition 140La has strong γ-emission (E=1596 keV, Y= 95,4 %), therefore a
quantitative analysis of radionuclide with the gamma HPGe detector was carried
out. The radionuclides 24Na (8.7 %) and 47Sc (0.2 %) were obtained as the most
significant impurities in the gamma spectrum analysis immediately after the
irradiation. In application time (approximately thirty hours after the irradiation),
the radionuclide purity of 140La was higher than 95 %.
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The United States Environmental Protection Agency (EPA) has designed four levels (from
A to D) of personal protection to help in deciding which combinations of protective
clothing and respiratory protection should be used. The highest protection is at level A,
the lowest at level D. Seven chosen types of personal protective clothing may be

used at level C or level B.
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Ten square seamless samples (five for each individual chemical contamination
mixture) were cut out of each type of suit and then were fixed on metal pads
(the size of the pads was five times five centimeters)
For surface contamination suits two different contaminant mixtures were used.
One of them, lanthanum nitrate, was dissolved in 0.1M nitric acid solution. The
second contamination mixture was prepared by precipitation of lanthanum
nitrate solution by sodium hydrogen carbonate. You can see the equation in the
middle of the slide.
The suit samples fixed on the metal pads were contaminated using a hand-held
sprayer. The contamination mixture was sprayed onto the testing surface through
a circular template. The water insoluble compound of 140La, i.e. lanthanum
carbonate in sodium nitrate solution, was continuously stirred by
electromagnetic force. The levels of contamination were approximately 2000 cps.
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The decontamination process was performed by wiping the contaminated area
with a cotton swab dipped in the military decontamination foam mixture ODS5TM produced by Oritest Group (3% solution). A decontamination solution based
on ethanolamine was applied to the swab (in the range 1.4 ± 0.4 g per one swab)
by spraying. The wiping was always conducted three times in one direction and
three times in a perpendicular direction. The decontamination procedure was
repeated once again after the determination of residual activity.
A Colibri TTC radiometer with Alpha/Beta/Gamma detection probe SABG-15+
(produced by Canberra Industries, Inc.) was used to determine the surface
contamination. The probe enables distinguishing of the alpha, beta or gamma
particle contribution using an iron or plastic barrier inserted between the
detector and the source during the measurement. The detection probe was
placed 1 cm above the contaminated area.
I would like to invite you to the poster of Mr. Otáhal who will present his experience of
measuring by using Colibri TTC. His poster will be displayed on Friday in the Poster
Session which will be opened from fourteen hundred hours to sixteen-thirty.
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The levels of radioactive surface contamination were measured before, in the
middle, and after the double-step decontamination process. All measurements
were carried out at room temperature. The dectamination efficiency was calculated
according to this formula. A with index b is the mark of activity which was measured
immediately before decontamination process. A with index a is the mark of activity
which was measured immediately after the decontamination process.

14

The next two figures show results of first and final (total) decontamination
efficiencies of water-soluble or water-insoluble compounds of 140La.
The first decontamination step shows that the water-insoluble lanthanum
compound, namely 140La2 (CO3)3, has better decontamination ability from all the
discussed types of suits (see in Figure 1).
After the second decontamination step (total efficiencies are shown in Figure 2),
it was ascertained that the contamination levels caused in water-soluble
contamination mixture, namely 140La(NO3)3, which was applied to clothing
surfaces, is practically the same as after the first decontamination step, and so
the next decontamination steps are apparently ineffective.
The personal clothing surface layers which are the least specially modified
against radioactive contamination (Tyvec Classic Plus, MicroMAX NS, Microgard
2000 Comfort) have the worst decontamination abilities for this contamination
solution.
The suits with specially modified surface against chemical or radioactive
contamination (such as Nuclear suit or Tychem F) already show very good
decontamination abilities in the first decontamination step. The decontamination
efficiencies of both lanthanum compounds in the first decontamination process
were higher than 80 %.
The analysis of tested square samples after the decontamination by using Hidex
300 SL confirmed low activity levels of tested personal protection materials. The
detection efficiency of this method was higher than 90 %.
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Based on the test results, the studied personal protection clothing can be divided
into two separate groups.
The protective suits with a suitable surface layer (Nuclear suit, Tychem F and
Microchem 3000) show a higher degree of decontamination ability by wiping,
but on the other hand, it may be a simple and easy way for secondary
contamination (e.g. other person, working place, environment, etc.).
The disadvantage of the suits without the resistant layer (Microgard 2000
Comfort, Tyvec Classic Plus, MicroMAX NS, ChemSafe 400) is the sorption or
penetration possibility of the liquid radioactive substance to the material
structure. Although this fact minimizes secondary contamination, it may lead to a
higher exposure by first responders (rescuers).
The next research on personal protection clothing decontamination ability will
focus on the possibility of radioactive contaminant penetration through the
materials usually used for personal protection clothing in surface contamination
cases.
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This research was supported by Ministry of Interior of the Czech Republic. Thank
you for your attention.
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