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Deal ing with open sources of ra dio ac tive sub stances in nu clear med i cine is a daily task since
con tam i na tion due to ra dio ac tive spills may hap pen fre quently. Proper and safe de con tam i na -
tion man age ment is a vi tal pro ce dure. How ever, reg u lar pur chase of de con tam i na tion agents
in curs high costs and might be toxic due to their chem i cal prop er ties. The pur pose of this
study is to com pare graphene ox ide, which is an en vi ron men tally friendly car bon-based ma te -
rial and mar ket able de con tam i na tion agent, in de con tam i nat ing ra dio ac tive spill age. Sam ples
of pure 99mTc and 131I from the lab o ra tory were spilled on a petri dish. The spill was im me di -
ately de con tam i nated with a mar ket able de con tam i na tion agent swab and vary ing con cen tra -
tions of graphene ox ide swab. The ini tial ra dio ac tiv ity of each swab con tain ing 99mTc and 131I
was mea sured us ing a dose cal i bra tor. The absorbance spec tra of each sam ple were ana lysed
us ing an ul tra vi o let-vis i ble spectrophotometer. The mor phol ogy im age of graphene ox ide
was ob served un der field emis sion scan ning elec tron microscope. For de con tam i na tion us ing
a mar ket able de con tam i na tion agent, the ra dio ac tiv ity of 131I was slightly higher, whereas
that of 99mTc was slightly lower than the high con cen tra tion of graphene ox ide. The
absorbance spec tra of  99mTc and 131I that had been de con tam i nated us ing graphene ox ide
were ob served at a range of 200 nm to 250 nm due to the p ® p* tran si tion.
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IN TRO DUC TION

A nu clear med i cine de part ment is one of the fa cil i -
ties that pro vide both di ag nos tic and ther a peu tic ser vices
for pa tients through the aid of radiopharmaceuticals.
Spe cific radiopharmaceuticals are ad min is tered into a
pa tient's body ei ther orally or in tra ve nously for di ag nos -
tic and/or ther a peu tic pur poses [1]. The most com mon
radiopharmaceuticals be ing used are 99mTc and 131I [2, 3]. 
99mTc is a radiotracer used for di ag nos tic pur poses to im -
age or mea sure the re gional func tion and con di tions of an 
or gan in cases that in clude in ju ries, in fec tions, tu mours,
heart dis ease, and thy roid ab nor mal i ties. In ad di tion to
that, it is also used to guide some can cer pro ce dures.

99mTc is given to a pa tient by in tra ve nous in jec tion or
orally de pend ing on the or gan that needs to be stud ied
[4]. Mean while, 131I is given to a pa tient in a sin gle dose
orally, in a cap sule or liq uid form. 131I is used for ther a -
peu tic pur poses to treat pa tients with thy roid dis eases
such as hyperthyroidism and thy roid can cer [1, 5].

The liq uid form of both 99mTc and 131I may in -
volve a high risk of spill age, there fore, they need ef -
fec tive han dling pro ce dures. The rou tine elu tion, stor -
age, and han dling of  99mTc and 131I need care ful care to 
pre vent any spills. If a mi nor or ma jor spill hap pens, it
will be iden ti fied as an emer gency and coded. Thus, an
ad e quate re sponse plan is de vised to pre vent any ra -
dio ac tive ad ver sity, es pe cially for ra di a tion work ers.
The plan is writ ten and adopted as a stan dard op er at ing 
pro ce dure (SOP). Such plans are de signed to ap ply to
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all health work ers, in ev ery nu clear med i cine de part -
ment in re sponse to a spill [6]. The SOP con tains
proper guid ance to mini mise the ac ci dent-re lated im -
pact of a spill and the de con tam i na tion of ra dio ac tive
ma te rial while sup ple ment ing the pro ce dures stip u -
lated by each in sti tu tion.

Mar ket able de con tam i na tion agent (MDA) such
as biodex med i cal sys tems has been widely used for
the de con tam i na tion of ra dio ac tive spills in hos pi tals,
lab o ra to ries, and re ac tor fa cil i ties as first-line gen -
eral-pur pose de con tam i na tion so lu tions [7]. The
MDA re moves ra dio ac tive par ti cles from sur faces by
se ques ter ing me tal lic ions and then firmly sus pend ing
the con tam i nat ing par ti cles, which al lows these par ti -
cles to be rinsed away with hard, soft or salt wa ter [8].
How ever, the high cost of the com mer cial chem i cal
agents, which is not en vi ron men tally friendly, leads to
the pro posal of other eco nom i cal and sus tain able re -
sources. Graphene ox ide (GO) seems to be an al ter na -
tive of super absorbance in de con tam i nat ing ra dio ac -
tive spill age due to its avail abil ity and non-tox ic ity of
these nanocomposites, with great po ten tial in
eco-friendly wastewater pu ri fi ca tion, due to high sur -
face area and func tional groups avail abil ity [9]. De -
con tam i na tion stud ies us ing dif fer ent chem i cal of
MDA and GO in de con tam i nat ing the radionuclides
has been con ducted sep a rately, and no sig nif i cant
com par i son has been sys tem at i cally doc u mented.
Thus, this study re vealed the sci en tific cor re la tions be -
tween the ad sorp tion rate of se lected MDA and GO for  
99mTc and 131I, for radionuclide de con tam i na tion ef fi -
ciency.

METH OD OL OGY

The ex per i ment was per formed at the Nu clear
Med i cine, Ra dio ther apy and On col ogy De part ment,
Hos pi tal Universiti Sains Ma lay sia (HUSM). Four
sam ples of 99mTc and an other four sam ples of 131I, with 
ra dio ac tiv ity of 1mCi (1 Ci = 3.7×1010 s–1) each, were
pre pared in sy ringes be fore be ing spilled slowly in the
cen tre of meth y lene blue, on a petri dish to mini mise
the spread of the radionuclides spill. This step was car -
ried out be hind a pro tec tive lead glass of a work bench,
in a hot lab o ra tory. In this ex per i ment, the back ground
ex po sure rate mRh–1 (1 R = 258 mCkg–1) of the lab o ra -
tory was mea sured us ing a pan cake probe Gei -
ger-Mul ler sur vey me ter (Model 44-7, Ludlum, USA)
for ra di a tion safety. The ranges of the mea sure ments
were within 0-2 mRh–1.

Syn the sis of GO

GO was pre pared ac cord ing to sim pli fied Hum -
mer's method [10-12]. Ini tially, 3 g of graph ite pow der
was mixed with 320 ml of H2SO4 so lu tion and 80 ml of 

H3PO4 so lu tion with a ra tio of 4:1. This was fol lowed
by slow ad di tion of 18 g of KMnO4 pow der to ob tain a
mix ture. The mix ture was stirred for three days us ing a
mag netic stir rer and poured onto a 500 ml ice cube
along with 27 ml of H2O2 so lu tion to stop the chem i cal
re ac tions. Then, the mix ture was cen tri fuged at 10000
rpm, washed three times with HCl and washed with
dis tilled wa ter un til it reached pH 5. Fi nally, the GO
so lu tion was char ac ter ised us ing field scan ning elec -
tron mi cro scope (FESEM) (Quanta 450 FEG, FEI,
USA) to val i date the nanolayers of the GO sheets.
Vary ing con cen tra tions of GO (as shown in tab. 1)
were pre pared by di lut ing the GO with sa line, us ing
eq. (1)

M V M V1 1 2 2= (1)

where M1 (mgml–1) is the ini tial con cen tra tion of GO
with 3.3 mgml–1, used in this ex per i ment, V1  (ml) – the
ini tial vol ume of GO, M2  (mgml–1) – the con cen tra tion 
of GO af ter di lu tion, V2 (ml) – the vol ume of GO af ter
di lu tion.

De con tam i na tion agent swabs with vary ing con -
cen tra tions of GO were pre pared. Ad e quate wads of
cot ton wool were drowned in glass con tain ers con tain -
ing vary ing con cen tra tions of GO. For ceps were used
to sub merge the cot ton wool for better ab sorp tion of
the de con tam i na tion agent. This pro cess as sumed that
the weight of cot ton wools is neg li gi ble for GO con -
cen tra tion de ter mi na tion due to small vol ume mea -
sure ments ob tained (0.0001 mg).

The MDA con cen tra tion de ter mi na tion

A plain fil ter was weighed us ing an elec tronic
beam bal ance which has the un cer tainty ±0.001 mg.
Then, 1 ml of MDA was added to the fil ter pa per and
weighed. An MDA con cen tra tion of 1.1664 mgml–1

was de ter mined us ing eq. (2). De con tam i na tion agent
swabs of MDA were pre pared. Adequate cot ton wool
wads were drowned in glass con tain ers con tain ing
MDA us ing for ceps.

    

Weight of 1ml MDA

(Weight ) WeightMDA + filter paper filte

=

– r paper

concentration
–1MDA (mgml ) =

Weight MDA

1ml MDA

(2)
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Ta ble 1. Ra tio of con cen tra tion of GO

Con cen tra tion
of GO

[mgml–1]

Vol ume
of GO
[ml]

Vol ume
of sa line 

[ml]

Vol ume of
GO af ter

di lu tion [ml]

Mea sure ment
un cer tainty for

GO
con cen tra tions

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



Spill age de con tam i na tion

Us ing for ceps, the pre pared de con tam i na tion
agent swabs were used to wipe the spill start ing from the
con tam i nated area, pe riph ery mov ing to wards the cen tre
in a cir cu lar mo tion. This step was car ried out be hind the
10 mm pro tec tive lead glass on a work bench, in a hot lab -
o ra tory. The ac tiv ity (MBq) of radionuclides res i due in
the sy ringe was de ter mined us ing a dose cal i bra tor
(Atomlab 500, Biodex Med i cal Sys tem, USA) to iden -
tify the ex act level of ac tiv ity that had been spilled on the
petri dish. The reproducibility and ac cu racy of the mea -
sure ments of the dose cal i bra tor were within ±5 %. Then, 
four sam ples of cot ton wool were ob tained af ter de con -
tam i na tion:  99mTc:GO, 99mTc:MDA, 131I:GO, and
131I:MDA. The ab sorp tion spec tra of each sam ple were
de ter mined us ing a UV-Vis i ble spectrophotometer (Cary 
100 Bio, Varian, USA). This spec trom e ter mea sured
absorbance in ten sity from 100-700 nm wave length with
±5 % un cer tainty.

RE SULTS AND DIS CUS SION

Ki netic study

The ra dio ac tiv ity lev els of 131I and 99mTc in the
cot ton wool, af ter de con tam i na tion, were ob tained as
in the ini tial ac tiv ity us ing a dose cal i bra tor and the
time func tion (Ao = ini tial ac tiv ity: for 131I: Ao/4 = 4
days, Ao/2 = 8 days, 3Ao/4 = 12 days and to tal de cay =
=.16 days and for 99mTc: Ao/4 = 3 hours, Ao/2 = 6 hours, 
3Ao/4 = 9 hours and to tal de cay = 12 hours), where the
time was fixed based on the phys i cal half-life of 131I (8
days) and 99mTc (6 hours). The de cay graph was plot -
ted for the ra dio ac tiv ity over time func tion for each
sam ple of 131I and 99mTc. The ki netic study of the
radionuclides ad sorp tion in the cot ton wool was cal cu -
lated us ing the Beer-Lam bert ra dio ac tive de cay equa -
tion

In
A

A
t

0

æ

è
çç

ö

ø
÷÷ = -l (3)

where A is the radionuclide ac tiv ity, Ao – the ini tial
radionuclide ac tiv ity, l – the de cay con stant, and t –
de cay time.

The ex trap o la tion graph in fig. 1 shows the 131I
and fig. 2 shows the 99mTc ra dio ac tiv ity af ter de con -
tam i na tion with MDA and dif fer ent con cen tra tions of
GO over 16 days and six hours, re spec tively. The ver ti -
cal axis in fig. 1 rep re sents the ac tiv ity of 131I in units
of megabecquerel (MBq) on the first, fourth, eighth,
12th and 16th days, whereas the hor i zon tal axis rep re -
sents the days. The ver ti cal axis in fig. 2 rep re sents the
ac tiv ity of 99mTc in MBq units at the 0th, 3rd, and 6th

hour, whereas the hor i zon tal axis rep re sents the hours.
Over all, the graph pat tern for the ra dio ac tiv ity of both
131I and 99mTc over time in creased for both de con tam i -
na tion agents in the same way in which it de creased ex -
po nen tially from the first day un til the 16th day for 131I
and from the 0th hour un til the 6th hour for 99mTc as ex -
pected. The higher the con cen tra tion of GO, the higher 
the ra dio ac tiv ity of 131I mea sured (radionuclide
adsorbability). This was due to the pres ence of more
GO mol e cules in the higher con cen tra tions of GO,
which led to the high sorp tion rate of 131I. From the
first day un til the 16th day, the higher con cen tra tions of
GO mol e cules trapped 131I more ef fi ciently. High GO
con cen tra tions dem on strated high sorp tion af fin ity for 
the most toxic radionuclides in var i ous so lu tions
whereby 2.0 mgml–1 ac cel er ate the 131I al most to 3.3 % 
faster than 1.0 mg/mL at the ini tial stage (within 12
hours) of the de cay pro cess, as shown in fig. 1. More -
over, 3.0 mgml–1 of GO and MDA show the same pat -
tern and have equiv a lent ad sorp tion rates for 131I from
the 1st un til the 4th stages of the de con tam i na tion pro -
cess whereby the ex po nen tial de cay lines over lapped
each other. How ever, in de tail, the ac tiv ity of 131I with
MDA was slightly higher than 131I with the max i mum
con cen tra tion of GO of ±0.1 % (yel low ver sus green
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Fig ure 1. Ac tiv ity of 131I af ter
de con tam i na tion with MDA and dif fer ent
con cen tra tions of GO over days



lines in fig. 1). This might be due to ac tive chem i cal in -
ter ac tions of MDA with 131I that lead to better ag glom -
er a tion mech a nisms for a better ad sorp tion pro cess. A
sim i lar ob ser va tion was ob tained with 99mTc whereby
the 99mTc ac tiv ity in creased as higher con cen tra tions
of GO were used, as shown in fig. 2. This was due to
the more highly ac ces si ble sur face ar eas and rich func -
tional groups in higher con cen tra tions of GO that are
ac tively in volved in ag glom er at ing the radionuclide
el e ments. The func tional groups of GO could form
strong sur face com plexes with cat ions and an ions in
radionuclides through elec tro static in ter ac tion. From
the 0th hour un til the 6th hour, the 99mTc ac tiv ity with
the max i mum con cen tra tion of GO was slightly higher 
than the 99mTc ac tiv ity with MDA by ±0.1 % (grey ver -
sus yel low lines in fig. 2). It seems that the MDA prod -
uct per for mance was equiv a lent to 2.0 mgml–1 of GO
con cen tra tions in ad sorb ing 99mTc radionuclides for
the de con tam i na tion pro cess. From the graph, 3.0

mgml–1 is su pe rior in ac cel er at ing the de con tam i na -
tion rate over MDA for 99mTc. This phe nom e non might 
be due to the op ti mal vol ume of in ter ac tions be tween
the high avail abil ity of func tional groups in GO
nanolayers with a high de cay rate of 99mTc within short 
in ter ac tions time.

Absorbance spec tra

Radionuclides de con tam i nated with MDA and a
2.0 mgml–1 con cen tra tion of GO were cho sen. The light
ab sorp tion of chem i cals in each sam ple, as men tioned
ear lier, was char ac ter ised us ing a UV-Vis i ble spectro-
pho tom e ter and the max i mum ab sorp tion peaks were ob -
served. The UV-vis i ble spec tra of 131I:GO and 99mTc:GO
are shown in fig. 3 and fig. 4, re spec tively, while the
UV-vis i ble spec tra of 131I:MDA and 99mTc:MDA are
shown in fig. 5 and fig. 6, re spec tively. 
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Fig ure 2. Ac tiv ity of 99mTc af ter
de con tam i na tion with MDA and
dif fer ent con cen tra tions of GO
over hours

Fig ure 3. The UV-vis i ble spec tra
of 131I:GO
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Fig ure 4. The UV-vis i ble spec tra of 
99mTc:GO

Fig ure 5. The UV-vis i ble spec tra of 
131I:MDA

Fig ure 6. The UV-vis i ble spec tra of 
99mTc:MDA



Based on fig. 3, nine peaks were ob served at 202
nm, 204 nm, 208 nm, 210 nm, 214 nm, 216 nm, 220 
nm,  234  nm,  and 357  nm. Tran si tion peaks at
202-220 nm re gions (dash line) show that the
absorbance re gions of 131I with GO dropped by ab -
sorb ing the UV rays in mo lec u lar ex ci ta tions of the
131I:GO com pounds. Mean while, based on fig. 4, the
max i mum ab sorp tion peaks were ob served to fall be -
tween the range of 200 nm to 360 nm, peak ing at 203
nm, 234 nm, 238 nm, 242 nm, 246 nm, and 359 nm.
The tran si tion of a few sin gle peaks within 203-359
nm re gions (dash line) shows that the absorbance re -
gions of 99mTc with GO dropped by ab sorb ing the
lower en er gies UV rays in mo lec u lar ex ci ta tions com -
pounds. More over, both absorbance spec tra have
many (fig. 3: 202 nm to 216 nm, fig. 4: 203 nm to 246
nm) peaks due to the elec tronic and vi bra tional tran si -
tions of the di atomic mol e cules that are pres ent in the
sam ple. Mol e cules can un dergo both vi bra tion and ro -
ta tional mo tion, each of which re sults in en ergy
changes. If the change is great enough, an elec tron in
the mol e cule can pass to an ex cited quan tum state [13]. 
The o ret i cally, peaks at 223 nm in di cate that the sam ple 
con tained a mix ture of GO nanolayers [14].

The GO absorbance peak for 131I de con tam i -
nated with GO was 220 nm (2nd dash line in fig. 3).
How ever, the GO absorbance peak shifted to 234 nm
(2nd dash line in fig. 4) for 99mTc de con tam i nated with
GO. This was due to the ad di tional ox y gen be tween
the lay ers of GO [11]. In ad di tion, the high est ab sorp -
tion bands cen tred at 200 nm to 250 nm are ex plained
by the p ® p* tran si tion of ar o matic C-C bonds, as
shown in fig. 3 and fig. 4 [15]. The absorbance spec tra
for 131I de con tam i nated with GO showed nine dis tinct
peaks at 202 nm, 204 nm, 208 nm, 210 nm, 214 nm,
216 nm, 220 nm, 234 nm, and 357 nm. Mean while, for
99mTc de con tam i nated 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 as so ci ated with the p ® p* tran -
si tion [15]. The re main ing peaks at 357 nm and 359
nm, as shown in fig. 3 and fig. 4, re spec tively, had not
been ob served. The peak at 361 nm was formed due to
con ju gated polyenes while in our case, the peaks were
at 357 nm and 359 nm [14].

Based on fig. 5, five peaks were ob served at 210
nm, 220 nm, 222 nm, 269 nm, and 608 nm. The
absorbance var ies be tween cer tain re gions of high UV
ray en er gies whereby the absorbance pro cess grad u -
ally drops af ter 222 nm and re gains at 269 nm (3rd dash
line in fig. 5). This phe nom e non might be due to en er -
getic mo lec u lar elec trons at the ini tial ad sorp tion stage 
be tween 131I:MDA. Mean while, in fig. 6, the max i -
mum ab sorp tion peaks were ob served to fall be tween
the range of 200 nm to 600 nm, at 221 nm, 268 nm, and
600 nm. From the spec trum, the absorbance peaks ob -
tained for 99mTc:MDA were al most the same as
131I:MDA in which there is a slope af ter 222 nm and re -

gain at 268 nm of UV re gions (dash line in fig. 6). It is a 
sat u ra tion of radionuclide absorbance at cer tain re -
gions by MDA and might be due to slow mo lec u lar in -
ter ac tions be tween the radionuclide el e ments with the
func tional groups of chem i cal com po si tions at mo lec -
u lar lev els. The o ret i cally, the spec trum should have a
broad peak as the mol e cules un dergo an elec tronic
tran si tion as well as a vi bra tional and ro ta tional tran si -
tion [16]. This broad peak can be ob served in both
absorbance spec tra of 131I and 99mTc de con tam i nated
with MDA due to the long absorbance pro cess com -
pared to GO nanolayers.

The GO char ac teri sa tion

Fig ures 7 and 8 show the GO char ac teri sa tion
us ing FESEM to ob serve the sur face mor phol ogy at
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Fig ure 7. The FESEM im age taken from GO at 1000´ 
mag ni fi ca tion shows wrin kle wax-tis sue lay ers
struc tures

Fig ure 8. The FESEM im age taken from GO at 50000´
mag ni fi ca tion shows folded con tin u ous
stacked nanolayers struc tures



dif fer ent cross-sec tions. Fig ure 8 shows the 2-D ge -
om e try and in di vid ual sheets of GO in a ran dom ori en -
ta tion. A ran domly dis trib uted, over lapped, thin layer
of GO with a smooth sur face, and a loosely stack-like
mor phol ogy, can be visu al ised. Fur ther more, the pa -
per-like graphene with a con tin u ous silk veil wave can
be visu al ised, which con trasts sharply with the ag gre -
gated graphene pro duced by the chem i cal-based re -
duc tion of GO so lu tion [17]. Some ag glom er a tion and
in di vid ual sheets are iden ti fi able. Fur ther more, a po -
rous net work struc ture like foam or a sponge can also
be visu al ised. The po rous net work was formed due to
the for ma tion of large amounts of pores in the
graphene nanostructures that cre ated sponge-like
graphene ma te ri als [18]. The mor phol ogy of a sin gle
GO sheet, as ob served in fig. 7, looks like 'wax tis sue
lay ers' [19, 20]. This struc ture and layer-by-layer ap -
pear ance at nano-size con trib uted to the high ca pac ity
for ad sorp tion af fin ity [21]. The ex ten sive sur face area 
is also dem on strated on this sin gle GO sheet, which
con trib utes to the avail abil ity of ad di tional func tional
groups and ac tive sites [22]. Other than that, the GO
sur face also ap pears wrin kly like scrunched pa per.

Based on fig. 8, a highly or dered struc ture of
nano-sheet lay ers of GO, which look like abun dant
stacked wax-tis sue lay ers, can be ob served. These
nano-sheet lay ers can be thought of as folded or con tin -
u ous lay ers, and the mar gins of each sheet have kinked
and wrin kled por tions on the sides. Nu mer ous lay ers
can be stacked as a re sult of the chem i cal bond be tween
the GO lay ers, which rap idly leads to ag gre ga tion [23].
The sep a ra tion of lay ers is due to the ox y gen
functionalities on the graphene sur face re sult ing from
the ox i da tion pro cess (the ad di tion of ox y gen lat tice
into the struc tures) in the prep a ra tion of GO, which con -
se quently dis torted the car bon lat tice. The pres ence of
ox y gen func tional groups on the graphene sur face en -
hanced the sep a ra tion of the lay ers and im proved GO
hydrophilicity. As a re sult, GO can be very eas ily dis -
persed in var i ous me dia in clud ing aque ous and or ganic
sol vents [18]. The sponge-like po rous net work struc -
ture can be visu al ised clearly in fig. 8. The in ter ca la tion
and re moval of im pu ri ties be tween the graphene sheets,
such as zinc ox ide, will lead to the avail abil ity of pores
in the graphene nanostructures and these fea tures en -
able GO to act as a good ab sor bent [18].

CON CLU SION

The ac tiv ity of 131I af ter de con tam i na tion with
MDA was slightly higher than the ac tiv ity of 131I de -
con tam i nated with the max i mum con cen tra tion of
GO, and these ob ser va tions con tra dicted our ex pec ta -
tions. This in di cates that MDA is slightly more ef fi -
cient than high con cen tra tions of GO in the ad sorp tion
of 131I. Mean while, the graph ac tiv ity of 99mTc af ter de -

con tam i na tion de creased ex po nen tially with higher
con cen tra tions of GO through out the six hours, which
cor re sponded to the ex pected re sults. When the con -
cen tra tion of GO in creased, more 99mTc was trapped
by the higher amounts of GO. Mean while, the 99mTc
ac tiv ity af ter de con tam i na tion with MDA was slightly
lower than 99mTc de con tam i nated with the max i mum
con cen tra tion of GO. This shows that a high con cen -
tra tion of GO is more ef fi cient than MDA in the ad -
sorp tion of 99mTc. The UV-Vis i ble spec tra for 99mTc
and 131I de con tam i nated with GO ex hib ited max i mum
ab sorp tion within the range of 200 nm to 250 nm,
which was at trib uted to the p ® p* tran si tion. Mean -
while, the absorbance spec tra for 99mTc and 131I de con -
tam i nated with MDA showed broad peaks in di cat ing
that MDA mol e cules un dergo com plex vari a tions of
elec tronic tran si tion as well as vi bra tional and ro ta -
tional tran si tion. The tran si tions that were de ter mined
dem on strate that in ter ac tion changes hap pen dur ing
the ad sorp tion pro cess of 99mTc and 131I. Over all, GO
has a high po ten tial to be pro posed as an eco nom i cal
de con tam i na tion agent that is en vi ron men tally
friendly with an achiev able nu clear waste man age -
ment sustainability for 99mTc. 
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EFIKASNOST  TR@I[NOG  SREDSTVA  ZA  DEKONTAMINACIJU  I  GRAFEN
OKSIDA  NA  IZLIVAWE  99mTc  I  131I  U  ODEQEWU  NUKLEARNE  MED I CINE

Rad sa otvorenim izvorima radioaktivnih supstanci u nuklearnoj medicini je svakodnevni 
zadatak jer se kontaminacija usled izlivawa radioaktivnih materijala mo`e ~esto desiti.
Pravilno i bezbedno upravqawe dekontaminacijom je vitalna procedura. Me|utim, redovna
kupovina sredstava za dekontaminaciju nosi visoke tro{kove i mo`e biti toksi~na zbog svojih
hemijskih svojstava. Svrha ovog rada je da uporedi grafen oksid, koji je ekolo{ki prihvatqiv
materijal na bazi ugqenika sa tr`i{nim sredstvom za dekontaminaciju ‡ pri dekontaminaciji
radioaktivnog izlivawa. Uzorci ~istog 99mTc i 131I iz laboratorije prosuti su na petrijevu posudu.
Prolivawe je odmah dekontaminirano {tapi}em sa sredstvom za dekontaminaciju koji se prodaje na
tr`i{tu i brisom grafen oksida u razli~itim koncentracijama. Po~etna radioaktivnost svakog
brisa koji sadr`i 99mTc i 131I merena je kori{}ewem kalibratora doze. Spektri apsorbovawa svakog
uzorka analizirani su kori{}ewem ultraqubi~astog spektrofotometra. Morfolo{ka slika
grafen oksida posmatrana je skeniraju}im elektronskim mikroskopom. Za dekontaminaciju
kori{}ewem agensa za dekontaminaciju koji se prodaje na tr`i{tu, radioaktivnost 131I je bila
ne{to ve}a, dok je 99mTc bila ne{to ni`a od visoke koncentracije grafen oksida. Spektri apsorpcije 
99mTc i 131I koji su dekontaminirani kori{}ewem grafen oksida prime}eni su u opsegu od 200 nm do
250 nm usled p ® p* prelaza.

Kqu~ne re~i: nuklearna medicina, radioaktivnost, 131I, 99mTc, grafen oksid, izlivawe,
.........................dekontaminacija


