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Dealing with open sources of radioactive substances in nuclear medicine is a daily task since
contamination due to radioactive spills may happen frequently. Proper and safe decontamina-
tion management is a vital procedure. However, regular purchase of decontamination agents
incurs high costs and might be toxic due to their chemical properties. The purpose of this
study is to compare graphene oxide, which is an environmentally friendly carbon-based mate-
rial and marketable decontamination agent, in decontaminating radioactive spillage. Samples
of pure **™Tc and 1311 from the laboratory were spilled on a petri dish. The spill was immedi-
ately decontaminated with a marketable decontamination agent swab and varying concentra-
tions of graphene oxide swab. The initial radioactivity of each swab containing *°™Tc and 1311
was measured using a dose calibrator. The absorbance spectra of each sample were analysed
using an ultraviolet-visible spectrophotometer. The morphology image of graphene oxide
was observed under field emission scanning electron microscope. For decontamination using
a marketable decontamination agent, the radioactivity of 131 was slightly higher, whereas
that of %™Tc was slightly lower than the high concentration of graphene oxide. The
absorbance spectra of °™Tc and 1311 that had been decontaminated using graphene oxide
were observed at a range of 200 nm to 250 nm due to the 1 — 7* transition.
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INTRODUCTION

A nuclear medicine department is one of the facili-
ties that provide both diagnostic and therapeutic services
for patients through the aid of radiopharmaceuticals.
Specific radiopharmaceuticals are administered into a
patient's body either orally or intravenously for diagnos-
tic and/or therapeutic purposes [1]. The most common
radiopharmaceuticals being used are ™ Tc and '3'1[2, 3].
9mTe is a radiotracer used for diagnostic purposes to im-
age or measure the regional function and conditions of an
organ in cases that include injuries, infections, tumours,
heart disease, and thyroid abnormalities. In addition to
that, it is also used to guide some cancer procedures.

* Corresponding author, e-mail: khairul.azhar@usm.my

9MTc is given to a patient by intravenous injection or
orally depending on the organ that needs to be studied
[4]. Meanwhile, 13 is given to a patient in a single dose
orally, in a capsule or liquid form. '3'I is used for thera-
peutic purposes to treat patients with thyroid diseases
such as hyperthyroidism and thyroid cancer [1, 5].

The liquid form of both **™Tc and '3'I may in-
volve a high risk of spillage, therefore, they need ef-
fective handling procedures. The routine elution, stor-
age, and handling of *™Tc and !*'I need careful care to
prevent any spills. If a minor or major spill happens, it
will be identified as an emergency and coded. Thus, an
adequate response plan is devised to prevent any ra-
dioactive adversity, especially for radiation workers.
The plan is written and adopted as a standard operating
procedure (SOP). Such plans are designed to apply to
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all health workers, in every nuclear medicine depart-
ment in response to a spill [6]. The SOP contains
proper guidance to minimise the accident-related im-
pact of a spill and the decontamination of radioactive
material while supplementing the procedures stipu-
lated by each institution.

Marketable decontamination agent (MDA) such
as biodex medical systems has been widely used for
the decontamination of radioactive spills in hospitals,
laboratories, and reactor facilities as first-line gen-
eral-purpose decontamination solutions [7]. The
MDA removes radioactive particles from surfaces by
sequestering metallic ions and then firmly suspending
the contaminating particles, which allows these parti-
cles to be rinsed away with hard, soft or salt water [8].
However, the high cost of the commercial chemical
agents, which is not environmentally friendly, leads to
the proposal of other economical and sustainable re-
sources. Graphene oxide (GO) seems to be an alterna-
tive of super absorbance in decontaminating radioac-
tive spillage due to its availability and non-toxicity of
these nanocomposites, with great potential in
eco-friendly wastewater purification, due to high sur-
face area and functional groups availability [9]. De-
contamination studies using different chemical of
MDA and GO in decontaminating the radionuclides
has been conducted separately, and no significant
comparison has been systematically documented.
Thus, this study revealed the scientific correlations be-
tween the adsorption rate of selected MDA and GO for
99mTe and 13!, for radionuclide decontamination effi-
ciency.

METHODOLOGY

The experiment was performed at the Nuclear
Medicine, Radiotherapy and Oncology Department,
Hospital Universiti Sains Malaysia (HUSM). Four
samples of *”™Tc and another four samples of 13'I, with
radioactivity of ImCi (1 Ci=3.7-10'"s") each, were
prepared in syringes before being spilled slowly in the
centre of methylene blue, on a petri dish to minimise
the spread of the radionuclides spill. This step was car-
ried out behind a protective lead glass of a workbench,
in a hot laboratory. In this experiment, the background
exposure rate mRh™! (1 R =258 uCkg ") of the labora-
tory was measured using a pancake probe Gei-
ger-Muller survey meter (Model 44-7, Ludlum, USA)
for radiation safety. The ranges of the measurements
were within 0-2 mRh".

Synthesis of GO

GO was prepared according to simplified Hum-
mer's method [10-12]. Initially, 3 g of graphite powder
was mixed with 320 ml of H,SO, solution and 80 ml of

H;PO, solution with a ratio of 4:1. This was followed
by slow addition of 18 g of KMnO, powder to obtain a
mixture. The mixture was stirred for three days using a
magnetic stirrer and poured onto a 500 ml ice cube
along with 27 ml of H,0, solution to stop the chemical
reactions. Then, the mixture was centrifuged at 10000
rpm, washed three times with HCI and washed with
distilled water until it reached pH 5. Finally, the GO
solution was characterised using field scanning elec-
tron microscope (FESEM) (Quanta 450 FEG, FEI,
USA) to validate the nanolayers of the GO sheets.
Varying concentrations of GO (as shown in tab. 1)
were prepared by diluting the GO with saline, using
eq. (1)

MV, =MV, (1)

where M, (mgml™) is the initial concentration of GO
with 3.3 mgml’l, used in this experiment, V; (ml)—the
initial volume of GO, M, (mgml ") —the concentration
of GO after dilution, 7 (ml) — the volume of GO after
dilution.

Decontamination agent swabs with varying con-
centrations of GO were prepared. Adequate wads of
cotton wool were drowned in glass containers contain-
ing varying concentrations of GO. Forceps were used
to submerge the cotton wool for better absorption of
the decontamination agent. This process assumed that
the weight of cotton wools is negligible for GO con-
centration determination due to small volume mea-
surements obtained (0.0001 mg).

The MDA concentration determination

A plain filter was weighed using an electronic
beam balance which has the uncertainty £0.001 mg.
Then, 1 ml of MDA was added to the filter paper and
weighed. An MDA concentration of 1.1664 mgml!
was determined using eq. (2). Decontamination agent
swabs of MDA were prepared. Adequate cotton wool
wads were drowned in glass containers containing
MDA using forceps.

Weight of Iml MDA =
(Weight yp, filter paper )— Weight gy, paper @)

1. Weight MDA
MDA concentration (mgnll ! ):m

Table 1. Ratio of concentration of GO

. Measurement
Concentration| Volume | Volume | Volume of .

0f GO | of GO |of saline| GO after |"Ceriainty for

[mgml '] [ml] | [ml] |dilution [ml]

concentrations
1.0 1 3.30 4.30 0.1
2.0 1 1.65 2.65 +0.1
3.0 1 1.10 2.10 +0.1
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Spillage decontamination
A
In(j -t 3)
Using forceps, the prepared decontamination 4o

agent swabs were used to wipe the spill starting from the
contaminated area, periphery moving towards the centre
in a circular motion. This step was carried out behind the
10 mm protective lead glass on a workbench, in a hot lab-
oratory. The activity (MBq) of radionuclides residue in
the syringe was determined using a dose calibrator
(Atomlab 500, Biodex Medical System, USA) to iden-
tify the exact level of activity that had been spilled on the
petri dish. The reproducibility and accuracy of the mea-
surements of the dose calibrator were within +5 %. Then,
four samples of cotton wool were obtained after decon-
tamination:  “"Tc:GO, “"Tc:MDA, P'I:GO, and
BI:MDA. The absorption spectra of each sample were
determined using a UV-Visible spectrophotometer (Cary
100 Bio, Varian, USA). This spectrometer measured
absorbance intensity from 100-700 nm wavelength with
15 % uncertainty.

RESULTS AND DISCUSSION
Kinetic study

The radioactivity levels of '3'T and *™Tc in the
cotton wool, after decontamination, were obtained as
in the initial activity using a dose calibrator and the
time function (4, = initial activity: for *'1: 4. /4 = 4
days, 4,/2 = 8 days, 34,/4 = 12 days and total decay =
= 16 days and for *™Tc: 4 /4 =3 hours, 4,/2 = 6 hours,
34,/4 =9 hours and total decay = 12 hours), where the
time was fixed based on the physical half-life of 311 (8
days) and **™Tc (6 hours). The decay graph was plot-
ted for the radioactivity over time function for each
sample of 3'T and **™Tc. The kinetic study of the
radionuclides adsorption in the cotton wool was calcu-
lated using the Beer-Lambert radioactive decay equa-
tion
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Figure 1. Activity of "*'I after
decontamination with MDA and different
concentrations of GO over days

Activity of 137] after decontamination [MBg]
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where A is the radionuclide activity, 4, — the initial
radionuclide activity, A — the decay constant, and ¢ —
decay time.

The extrapolation graph in fig. 1 shows the
and fig. 2 shows the *™Tc radioactivity after decon-
tamination with MDA and different concentrations of
GO over 16 days and six hours, respectively. The verti-
cal axis in fig. 1 represents the activity of '3'I in units
of megabecquerel (MBq) on the first, fourth, eighth,
12t and 16" days, whereas the horizontal axis repre-
sents the days. The vertical axis in fig. 2 represents the
activity of *™Tc in MBq units at the 0, 3, and 6™
hour, whereas the horizontal axis represents the hours.
Overall, the graph pattern for the radioactivity of both
1311 and **™Tc over time increased for both decontami-
nation agents in the same way in which it decreased ex-
ponentially from the first day until the 16" day for '3'1
and from the 0" hour until the 6™ hour for *™Tc as ex-
pected. The higher the concentration of GO, the higher
the radioactivity of '3'I measured (radionuclide
adsorbability). This was due to the presence of more
GO molecules in the higher concentrations of GO,
which led to the high sorption rate of '3'I. From the
first day until the 16 day, the higher concentrations of
GO molecules trapped '3'I more efficiently. High GO
concentrations demonstrated high sorption affinity for
the most toxic radionuclides in various solutions
whereby 2.0 mgml ™! accelerate the '3'T almost to 3.3 %
faster than 1.0 mg/mL at the initial stage (within 12
hours) of the decay process, as shown in fig. 1. More-
over, 3.0 mgml~! of GO and MDA show the same pat-
tern and have equivalent adsorption rates for '*'T from
the 1%t until the 4" stages of the decontamination pro-
cess whereby the exponential decay lines overlapped
each other. However, in detail, the activity of 13! with
MDA was slightly higher than '3'I with the maximum
concentration of GO of £0.1 % (yellow versus green

1311

4 8 12

MDA
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lines in fig. 1). This might be due to active chemical in-
teractions of MDA with '3'I that lead to better agglom-
eration mechanisms for a better adsorption process. A
similar observation was obtained with **™Tc whereby
the *™Tc activity increased as higher concentrations
of GO were used, as shown in fig. 2. This was due to
the more highly accessible surface areas and rich func-
tional groups in higher concentrations of GO that are
actively involved in agglomerating the radionuclide
elements. The functional groups of GO could form
strong surface complexes with cations and anions in
radionuclides through electrostatic interaction. From
the 0™ hour until the 6" hour, the **™Tc activity with
the maximum concentration of GO was slightly higher
than the *™Tc activity with MDA by +0.1 % (grey ver-
sus yellow lines in fig. 2). It seems that the MDA prod-
uct performance was equivalent to 2.0 mgml™! of GO
concentrations in adsorbing **™Tc radionuclides for
the decontamination process. From the graph, 3.0
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mgml~ is superior in accelerating the decontamina-
tion rate over MDA for *™Tc. This phenomenon might
be due to the optimal volume of interactions between
the high availability of functional groups in GO
nanolayers with a high decay rate of *™Tc within short
interactions time.

Absorbance spectra

Radionuclides decontaminated with MDA and a
2.0 mgml™! concentration of GO were chosen. The light
absorption of chemicals in each sample, as mentioned
earlier, was characterised using a UV-Visible spectro-
photometer and the maximum absorption peaks were ob-
served. The UV-visible spectra of 13'1:GO and *™Tc:GO
are shown in fig. 3 and fig. 4, respectively, while the
UV-visible spectra of 3':MDA and *™Tc:MDA are
shown in fig. 5 and fig. 6, respectively.

Fi%ure 3. The UV-visible spectra
of "'1:GO

o o
1 1
S———==-—202.00, 4,545

200 300 400

Wavelength [nm]



M. K. A. A. Razab, et al.: Efficiency of Marketable Decontamination Agent ...

Nuclear Technology & Radiation Protection: Year 2022, Vol. 37, No. 2, pp. 159-166 163
204
= g §
Figure 4. The UV-visible spectra of S 2 ;
#"Te:GO E‘ 154 g 3
: [
s g
Q
S 10- g-a =
2 8 <« g
2 3¢g -
< g
54
b ~
0_ ___________
T I T ) T 1
200 300 400 500 600 700 800
Wavelength [nm]
+8
6187 3
“g T 8
= 884 3
T |55 ¢ g
Figure 5. The UV-visible spectra of > 4 & r
B MDA & i g
B i
g o
§ 2 p !
[v] ¢ i
Qa P o
o \ - N
a e e N
< 04 e s =
-2 4
T T T T T 1
200 300 400 500 600 700 800
Wavelength [nm]
6 - ﬁ_ g
T |§ s
3 @
oy
o
g 4
S L
8 [ ]
- 3
£o] 11 :
Figure 6. The UV-visible spectra of 3 e
#"Te:MDA = B
A
0_ i — — — e
T T T T T 1
200 300 400 500 600 700 800

Wavelength [nm]



M. K. A. A. Razab, et al.: Efficiency of Marketable Decontamination Agent ...
164 Nuclear Technology & Radiation Protection: Year 2022, Vol. 37, No. 2, pp. 159-166

Based on fig. 3, nine peaks were observed at 202
nm, 204 nm, 208 nm, 210 nm, 214 nm, 216 nm, 220
nm, 234 nm, and 357 nm. Transition peaks at
202-220 nm regions (dash line) show that the
absorbance regions of *'T with GO dropped by ab-
sorbing the UV rays in molecular excitations of the
BBI1:GO compounds. Meanwhile, based on fig. 4, the
maximum absorption peaks were observed to fall be-
tween the range of 200 nm to 360 nm, peaking at 203
nm, 234 nm, 238 nm, 242 nm, 246 nm, and 359 nm.
The transition of a few single peaks within 203-359
nm regions (dash line) shows that the absorbance re-
gions of *Tc with GO dropped by absorbing the
lower energies UV rays in molecular excitations com-
pounds. Moreover, both absorbance spectra have
many (fig. 3: 202 nm to 216 nm, fig. 4: 203 nm to 246
nm) peaks due to the electronic and vibrational transi-
tions of the diatomic molecules that are present in the
sample. Molecules can undergo both vibration and ro-
tational motion, each of which results in energy
changes. If the change is great enough, an electron in
the molecule can pass to an excited quantum state [ 13].
Theoretically, peaks at 223 nm indicate that the sample
contained a mixture of GO nanolayers [14].

The GO absorbance peak for '*'I decontami-
nated with GO was 220 nm (2"¢ dash line in fig. 3).
However, the GO absorbance peak shifted to 234 nm
(2" dash line in fig. 4) for *™Tc decontaminated with
GO. This was due to the additional oxygen between
the layers of GO [11]. In addition, the highest absorp-
tion bands centred at 200 nm to 250 nm are explained
by the m1 — w* transition of aromatic C-C bonds, as
shown in fig. 3 and fig. 4 [15]. The absorbance spectra
for 13T decontaminated with GO showed nine distinct
peaks at 202 nm, 204 nm, 208 nm, 210 nm, 214 nm,
216 nm, 220 nm, 234 nm, and 357 nm. Meanwhile, for
99mTc decontaminated with GO, the absorbance spec-
tra showed six peaks at 203 nm, 234 nm, 238 nm, 242
nm, 246 nm, and 359 nm. Peaks within the range of
200 nm to 250 nm are associated with the m — n* tran-
sition [15]. The remaining peaks at 357 nm and 359
nm, as shown in fig. 3 and fig. 4, respectively, had not
been observed. The peak at 361 nm was formed due to
conjugated polyenes while in our case, the peaks were
at 357 nm and 359 nm [14].

Based on fig. 5, five peaks were observed at 210
nm, 220 nm, 222 nm, 269 nm, and 608 nm. The
absorbance varies between certain regions of high UV
ray energies whereby the absorbance process gradu-
ally drops after 222 nm and regains at 269 nm (3" dash
line in fig. 5). This phenomenon might be due to ener-
getic molecular electrons at the initial adsorption stage
between P'I:MDA. Meanwhile, in fig. 6, the maxi-
mum absorption peaks were observed to fall between
the range of 200 nm to 600 nm, at 221 nm, 268 nm, and
600 nm. From the spectrum, the absorbance peaks ob-
tained for **"Tc:MDA were almost the same as
BIT:MDA in which there is a slope after 222 nm and re-

gain at 268 nm of UV regions (dash line in fig. 6). Itisa
saturation of radionuclide absorbance at certain re-
gions by MDA and might be due to slow molecular in-
teractions between the radionuclide elements with the
functional groups of chemical compositions at molec-
ular levels. Theoretically, the spectrum should have a
broad peak as the molecules undergo an electronic
transition as well as a vibrational and rotational transi-
tion [16]. This broad peak can be observed in both
absorbance spectra of 1*'I and *™Tc decontaminated
with MDA due to the long absorbance process com-
pared to GO nanolayers.

The GO characterisation

Figures 7 and 8 show the GO characterisation
using FESEM to observe the surface morphology at

Figure 7. The FESEM image taken from GO at 1000x
magnification shows wrinkle wax-tissue layers
structures

Figure 8. The FESEM image taken from GO at 50000x
magnification shows folded continuous
stacked nanolayers structures
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different cross-sections. Figure 8 shows the 2-D ge-
ometry and individual sheets of GO in a random orien-
tation. A randomly distributed, overlapped, thin layer
of GO with a smooth surface, and a loosely stack-like
morphology, can be visualised. Furthermore, the pa-
per-like graphene with a continuous silk veil wave can
be visualised, which contrasts sharply with the aggre-
gated graphene produced by the chemical-based re-
duction of GO solution [17]. Some agglomeration and
individual sheets are identifiable. Furthermore, a po-
rous network structure like foam or a sponge can also
be visualised. The porous network was formed due to
the formation of large amounts of pores in the
graphene nanostructures that created sponge-like
graphene materials [18]. The morphology of a single
GO sheet, as observed in fig. 7, looks like 'wax tissue
layers' [19, 20]. This structure and layer-by-layer ap-
pearance at nano-size contributed to the high capacity
for adsorption affinity [21]. The extensive surface area
is also demonstrated on this single GO sheet, which
contributes to the availability of additional functional
groups and active sites [22]. Other than that, the GO
surface also appears wrinkly like scrunched paper.

Based on fig. 8, a highly ordered structure of
nano-sheet layers of GO, which look like abundant
stacked wax-tissue layers, can be observed. These
nano-sheet layers can be thought of as folded or contin-
uous layers, and the margins of each sheet have kinked
and wrinkled portions on the sides. Numerous layers
can be stacked as a result of the chemical bond between
the GO layers, which rapidly leads to aggregation [23].
The separation of layers is due to the oxygen
functionalities on the graphene surface resulting from
the oxidation process (the addition of oxygen lattice
into the structures) in the preparation of GO, which con-
sequently distorted the carbon lattice. The presence of
oxygen functional groups on the graphene surface en-
hanced the separation of the layers and improved GO
hydrophilicity. As a result, GO can be very easily dis-
persed in various media including aqueous and organic
solvents [18]. The sponge-like porous network struc-
ture can be visualised clearly in fig. 8. The intercalation
and removal of impurities between the graphene sheets,
such as zinc oxide, will lead to the availability of pores
in the graphene nanostructures and these features en-
able GO to act as a good absorbent [18].

CONCLUSION

The activity of '3'T after decontamination with
MDA was slightly higher than the activity of '3'I de-
contaminated with the maximum concentration of
GO, and these observations contradicted our expecta-
tions. This indicates that MDA is slightly more effi-
cient than high concentrations of GO in the adsorption
of 311, Meanwhile, the graph activity of *™Tc after de-

contamination decreased exponentially with higher
concentrations of GO throughout the six hours, which
corresponded to the expected results. When the con-
centration of GO increased, more **™Tc was trapped
by the higher amounts of GO. Meanwhile, the **™Tc
activity after decontamination with MDA was slightly
lower than *™Tc decontaminated with the maximum
concentration of GO. This shows that a high concen-
tration of GO is more efficient than MDA in the ad-
sorption of *™Tc. The UV-Visible spectra for *™Tc
and 13'I decontaminated with GO exhibited maximum
absorption within the range of 200 nm to 250 nm,
which was attributed to the 1 — w* transition. Mean-
while, the absorbance spectra for ™ Tc and '3'I decon-
taminated with MDA showed broad peaks indicating
that MDA molecules undergo complex variations of
electronic transition as well as vibrational and rota-
tional transition. The transitions that were determined
demonstrate that interaction changes happen during
the adsorption process of *™Tc and *'I. Overall, GO
has a high potential to be proposed as an economical
decontamination agent that is environmentally
friendly with an achievable nuclear waste manage-
ment sustainability for *™Tc.
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Moxamapn Xaupya Azxap Aoayia PA3ADB, Hopazmuna Mar HABU, Pocupax CYHAUBU,
Anamt Moxamen HY P, Moxp 3axpn Aonya A3U3, ®@apa Hana Moxy XAIIYAH,
®@atupax UbPAXWM, Axman Tandgyp XANU3YJI, Hop Xakumua ABYJTAX

E®UKACHOCT TPXUIHOT CPEJICTBA 3A TEKOHTAMMHALINJY U TPA®EH
OKCHIA HA U3JIUBAILE %“mTc U 131] Y ONEBEKBY HYKIEAPHE MEJULIMHE

Paji ca 0TBOpeHMM H3BOPHMA PATMOAKTHBHUX CYNICTAHIA Y HYK/ICAPHO] METULIMHH j€ CBAKO/JHEBHH
3ajaTak jep ce KOHTAMUHAUMja YCIC]| M3/IMBAKa PAJUOAKTHBHUX MATEpHjaia MOXE UECTO [ECHTH.
IMpaBuHO M 6e30eqHO ympaBibake AEKOHTAMUHAIMJOM je BHUTaNHA mpouenaypa. MebyTum, pemoBHa
KYIIOBHMHA CpeficTaBa 3a JEKOHTaMMHALM]y HOCU BHCOKE TPOLIKOBE U MOXE OUTH TOKCHYHa 300r CBOjUX
XeMHjcKuX cBojcTaBa. CBpxa OBOT pajia je yma yrnopenu rpadeH OKCHJI, KOjU je €KOJIOIIKN NMPUXBATIHUB
MaTepujan Ha 0a3u YrJbeHHKa ca TPKUIIHKUM CPEJICTBOM 3a AEKOHTAMHUHAIWjy — HPU JEKOHTaMHUHAIUjU
PaJIMOAKTUBHOT M3JIMBaba. ¥Y30puu uncror »™Tc u 1311 u3 maGoparopuje mpocyTu ¢y Ha neTpujeBy MOCYY.
[IponuBame je oqMax AEKOHTAMIHAPAHO IITanheM ca CpefICTBOM 3a ICKOHTAMIHAIH]Y KOjH Ce TIPOfiaje Ha
TP>XKHUIITY ¥ OprcOM rpacdeH OKCHa y pa3InuuTHM KOHIeHTpanujama. [ToyeTHa paJioaKTUBHOCT CBaKOT
Opuca koju caapsku *™Tc u P11 Mmepena je kopuuthemem kanubparopa 1o3e. CnekTpu ancop6oBarmba CBAKOT
y30pKa aHaJU3MpaHu Cy KopulThewmeM yaTpajbyomuacTor crekrpodoroMerpa. Mopdosomka ciauka
rpaeH OKchpua TOcMaTpaHa je CKEeHHMpajyhum eJeKTPOHCKUM MHUKPOCKONOM. 3a JIeKOHTAMUHAIHU]Y
kopuinhemeM areHca 3a IEKOHTAMUHALM]Y KOjU Ce Mpojiaje Ha TPXKUINTY, paguoakTusHocT S je Guna
nenro Beha, 10K je M Tc Guna HEMITO HU3KA Ofl BACOKE KOHIEHTpaluje rpader okcua. ClekTpu ancoprmje
PmTe u ¥ koju cy gekonTamMuHMpany KopuiihermeM rpaden okcuaa npumehenu cy y oncery og 200 nm 10
250 nm ycnen T — ©¥ mpenasa.

Kayune pevu: Hykaeapra meduyuna, paduoaxitiusroci, 311, 9"Tc, zpagpen oxcud, uzausare,
O0eKOHIUAMUHAUU]A



