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This work de scribes the pre lim i nary anal y sis of Fricke gels do sim e ters char ac ter ized by a new
for mu la tion mak ing use of a ma trix of poly vi nyl al co hol cross-linked by add ing glutaraldehyde
and an a lyzed by means of nu clear mag netic res o nance relaxometry. In pre vi ous op ti cal stud ies,
these gels have shown prom is ing dosimetric fea tures in terms of pho ton sen si tiv ity and low dif -
fu sion of fer ric ions pro duced af ter ir ra di a tion.
In this work, we used a por ta ble nu clear mag netic res o nance relaxometer to mea sure the re lax -
ation times (which are im por tant for dosimetric ap pli ca tions) of these gel ma te ri als. For this
pur pose, we per formed a study for op ti miz ing the ac qui si tion pa ram e ters with a nu clear mag -
netic res o nance relaxometer. Gel sam ples were ex posed to clin i cal 6 MV pho tons in the dose
range be tween 0 and 20 Gy. Nu clear mag netic res o nance relaxometry mea sure ments were per -
formed and the sen si tiv ity to pho ton beams was mea sured for var i ous val ues of the Fe2+ ion
con cen tra tion. The anal y ses pointed out that the MR sig nal in creases as the Fe2+ con tent in -
creases  and the in crease is  about 75 %  when the con cen tra tion of  Fe2+  ions is in creased from
0.5 mM to 2.5 mM. Fur ther more, the sen si tiv ity im prove ment achieved with in creas ing the
Fe2+ con cen tra tion is about 60 %. This pa per shows that the por ta ble nu clear mag netic res o -
nance relaxometer used for anal y sis of po rous ma te ri als can be used for char ac ter iza tion of these 
dosimetric gels and this study can be con sid ered as the first step for the char ac ter iza tion of these
do sim e ters which in fu ture could be used for 3-D dose map ping in clin i cal ap pli ca tions.
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IN TRO DUC TION

The Fricke gel do sim e ters have been long stud -
ied be cause of the dosimetric po ten tial of a so lu tion of
fer rous sul fate (for which the ra di a tion-in duced pro -
duc tion of fer ric ions from fer rous ions de pends on the
ir ra di a tion dose) and the ri gid ity of the gel ma trix [1],
which hin ders the fer ric ions from freely dif fus ing in
the so lu tion. This is an ad van tage with re spect to an
aque ous so lu tion be cause the lat ter does not pre serve
spa tial in for ma tion on the dose-de pend ent changes of
the lo cal mag netic prop er ties re lated to the lo cal fer ric

ions con cen tra tion. The two above-men tioned fea -
tures have made Fricke gel do sim e ters ideal
can di dates for per form ing 3-D re con struc tion of dose
dis tri bu tion, par tic u larly use ful in the plan ning phase
of ra di a tion treat ments. The great ad van tage of the
Fricke gels is that be cause of the mag netic prop er ties
of their con stit u ents they may be an a lyzed through
mag netic res o nance im ag ing (MRI) and with a sin gle
ac qui si tion can pro vide an im age of the 3-D dis tri bu -
tion of the ra di a tion-in duced fer ric ions, and then the
cor re spond ing dis tri bu tion of the dose de liv ered [2].

A ra di a tion-sen si tive de vice able to map a 3-D dis -
tri bu tion of the dose de liv ered in a clin i cal set ting must
com bine suit able dosimetric fea tures with the abil ity to
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cap ture and store the in for ma tion on lo cal vari a tions in -
duced by the de liv ered dose. Dosimetric ma te ri als of dif -
fer ent types have been stud ied over the de cades to as sess
their dosimetric per for mance for var i ous ra di a tion
beams. Among the var i ous dosimetric sys tems, there are
di a mond de tec tors [3], ion iza tion cham bers [4-6], scin til -
la tors [7], semi con duc tor de tec tors [8], ra dio-chro mic
film [9], ESR do sim e ters [10-24], thermoluminescent
do sim e ters (TLD) [25-28], and scin til la tion do sim e ters
[29]. Of ten these dosimetric sys tems are aided by Monte
Carlo sim u la tions that also pro vide many de tails on the
par ti cle types and en ergy spec tra [17, 30, 31]. The re cent
lit er a ture in cludes sev eral ex per i ments on Fricke gels
aimed at op ti miz ing the rec ipe for in creas ing the sen si tiv -
ity to dose and/or the lo cal sta bil ity of the ra di a tion pro -
duced fer ric ions and ap pli ca tions for clin i cal beam do -
sim e try [32-34].

The most com mon ma tri ces in ves ti gated are por -
cine gel a tin, agarose, and sephadex [2]. Each of these
sys tems had its ad van tages and lim i ta tions, but
agarose was prob a bly the most com mon gel ling agent
used for gel de tec tors. Fur ther more, the ef fect of the
ad di tion of glu cose, su crose, starch, and lo cust bean on 
the re sponse of fer rous-agarose-xy le nol or ange gel
do sim e try has been stud ied [35]. Many ex per i ments,
in par tic u lar, have pur sued pre cisely the de vel op ment
of a rec ipe for a Fricke gel that would op ti mize their
per for mance as do sim e ters for read ing by MRI and/or
op ti cal spec tro pho tom eters [32, 36, 37]. For this rea -
son in some cases additive op ti cal in di ca tor has been
added to the Fricke gel. Xy le nol or ange, for ex am ple,
is one of the me tal lic ions op ti cal in di ca tors which is
most widely used: it binds to fer ric ions and gives rise
to a col ored com plex in the vis i ble range, whose color
turns from or ange to vi o let as the dose in creases.

How ever, it must be con sid ered that the dif fu -
sion of Fe3+ ions in side the gel ma trix of Fricke gels af -
ter ir ra di a tion in volves a re duc tion of the res o lu tion
and con trast of im ages (MR or op ti cal ones) of spa tial
dose dis tri bu tion. Among the var i ous new ma tri ces
used to re duce this dif fu sion pro cess, there is the poly -
vi nyl al co hol (PVA) which is a poly mer with a sim ple
chem i cal struc ture, wa ter-sol u ble, non-toxic and
cheap [38]. PVA Fricke gels were pro duced by sub -
ject ing an aque ous so lu tion of PVA to freeze-thaw cy -
cles and these gels showed a dif fu sion co ef fi cient of
0.14 mm–2s–1 [38].

Re cently, a new gel for mu la tion mak ing use of a
ma trix of PVA cross-linked by add ing glutaraldehyde
(GTA) has shown prom is ing dosimetric fea tures in terms 
of pho ton sen si tiv ity and low dif fu sion with out the need
for per form ing freeze-thaw cy cles dur ing the prep a ra tion 
pro cess [39-41].

In this work, PVA-GTA gel sam ples pre pared
with dif fer ent con tents of Fe2+ ions were ex posed to
clin i cal 6 MV pho tons in the dose range be tween 0 and
20 Gy. Since ir ra di a tion in duces vari a tions of the
spin-lat tice re lax ation time T1 of the nu clear mag netic

res o nance (NMR) sig nal [34], mea sure ments of NMR
relaxometry for T1 were per formed.

It should be high lighted that one is sue in the de -
vel op ment and study of the used dosimetric gels that
are an a lyzed through clin i cal MRI scan ners is the fact
that these scan ners are usu ally not al ways avail able for 
ex per i ments. There fore, the pos si bil ity of per form ing
an ex per i men tal ac tiv ity for pre lim i nary char ac ter iza -
tion in the lab o ra tory and us ing clin i cal MRI scan ners
only in the last step of ex per i men ta tion would fa vor
the de vel op ment of the 3-D MRI dosimetric gels.
Here, we want to show the ad van tages of us ing a NMR
relaxometer, which is gen er ally used for porosymetric
anal y sis in the field of cul tural her i tage di ag nos tics
[42], to make es ti mates of the re lax ation times of
dosimetric gels. Con se quently, with this in stru men ta -
tion, it is pos si ble to ob tain in for ma tion re gard ing gel
sen si tiv ity with the ra di a tion dose.

MA TE RI ALS AND METH ODS

PVA-GTA gel

The Fricke PVA-GTA gels were pre pared from a
10 % w/v aque ous so lu tion of hy dro lyzed 99% pu rity
PVA with a mo lec u lar weight be tween 85000 and
124000 (Sigma-Aldrich), 1 % w/v GTA, 25 mM H2SO4,
and 0.165 mM fer ric ion in di ca tor xy le nol or ange so -
dium salt C31H28O13N2Na4.

For the ex per i ments, two gels were pre pared
with dif fer ent con cen tra tions of fer rous am mo nium
sul fate  hexahydrate  [Fe(NH4)2(SO4)2×6H2O]  (i. e.
0.5 mM and 2.5 mM) in or der to eval u ate the changes
ob served with a vary ing amount of Fe2+ ions. The PVA 
dis so lu tion in wa ter (70 % of to tal wa ter) was per -
formed in CEM STAR Sys tem 2. The sys tem was set to 
boil for 40 min utes to to tally dis solve the PVA. A con -
denser was used to pre vent evap o rated wa ter losses.
When the so lu tion was re trieved from the CEM STAR
Sys tem 2, the PVA so lu tion was me chan i cally stirred
for a few min utes un til ho mo ge neous.

The wa ter-PVA so lu tion was al lowed to cool
down to 25 °C un der stir ring. When the PVA so lu tion
had reached a tem per a ture of 25 °C, the Fricke so lu tion
(20 % wa ter, sul fu ric acid, fer rous am mo nium sul phate,
and xy le nol or ange so dium salt) was added to the PVA
so lu tion. The mix ing was im proved by gen tle stir ring.
When the com bined so lu tion (PVA so lu tion with Fricke
so lu tion) had reached ho mo ge ne ity, the re main ing 10 % 
of the GTA so lu tion was added. The GTA  so lu tion was 
made with  a  9 %  v/v  of  wa ter  and 1 % v/v of GTA.
The fi nal con cen tra tions of the re agents were: 10 % w/v
PVA, 1 % v/v GTA, 25 mM sulphuric acid, 0.5 mM or
2.5 mM iron am mo nium sul phate, and 0.165 mM xy le -
nol or ange. The so lu tion was kept un der stir ring for a
few more sec onds to ho mog e nize it, then it was poured
into poly sty rene molds. Ultrapure wa ter (UPW) (re sis -
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tiv ity 18.6 MW cm) was used for the prep a ra tion of gels. 
Dosimetric gels were stored in the dark un der re frig er a -
tion (10 ± 1°C) af ter prep a ra tion and be tween ir ra di a -
tion and mea sure ment, in or der to min i mize pos si ble
ox i da tion of Fe2+ ions in duced by tem per a ture or light.

Ir ra di a tion

Fricke gel sam ples were ir ra di ated at doses be -
tween 0 Gy and 20 Gy by 6 MV X-rays gen er ated by a
Siemens Pri mus (Siemens Med i cal Sys tems, CA,
USA) at the ra dio ther apy de part ment of A.R.N.A.S.
Civico, Palermo, It aly. The dosimetric gels were ex -
posed to a 35 cm × 35 cm pho ton field.

A build-up layer was placed above the sam ples
and 5 cm wa ter equiv a lent lay ers were placed be low
the sam ples. All pho ton ir ra di a tions were made un der
elec tronic equi lib rium con di tions. The pho ton ab so -
lute dose val ues were mea sured us ing an ion iza tion
cham ber (Semiflex type 31010™, PTW: ac tive vol -
ume 0.125 cm3, ac tive length 0.65 cm) fol low ing the
IAEA TRS-398.

In stru men ta tion

A sin gle-side relaxometer mq ProFiler (Bruker
Biospin, It aly), op er at ing at about 15 MHz, was em -
ployed for NMR relaxometry mea sure ments. All mea -
sure ments were per formed at room tem per a ture, pro -
tect ing each sam ple un der mea sure ment from light and 
cov er ing it with a film in or der to avoid any con tam i -
na tion of the gel. Dosimetric gels were sub jected to
sat u ra tion-re cov ery-spin echo se quences: 90° pulses
and a suc ces sive pair of pulses 90°-180° given af ter a
time TS (sat u ra tion time), af ter the first 90° pulse (see
fig. 1). An inter-pulse de lay for spin-echo sig nals of 44 
ms, i. e., the short est pos si ble de lay, was set. The sig nal
re corded is the MR echo and the re lated in te gral is con -
sid ered as a MR sig nal.

If mul ti ple ac qui si tions are per formed with in -
creas ing the sat u ra tion time TS, the MR sig nal (pro por -
tional to the lon gi tu di nal mag ne ti za tion MZ) in creases
fol low ing an ex po nen tial sat u ra tion func tion ac cord -
ing to
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where M4 is the value of the MR sig nal for very large
sat u ra tion times and T1 – the spin-lat tice (lon gi tu di nal) 
re lax ation time. The value of T1 (and that of its re cip ro -
cal R1 named the lon gi tu di nal re lax ation rate) is im por -
tant from the dosimetric point of view be cause it is
dose-de pend ent and is used for dose es ti ma tion.

The op ti mi za tion of the NMR se quence used for
the T1 mea sure ments was aimed at ob tain ing a high sig -
nal-to-noise ra tio (SNR) and per form ing quite short
read ings to min i mize the auto-ox i da tion phe nom ena
which are fa vored by light ex po sure and other ex ter nal
en vi ron men tal fac tors dur ing the mea sure ment pro cess.

The pa ram e ters con sid ered were: re cy cle de lay
(RD), the num ber of ac cu mu la tions for a sin gle mea -
sure ment, and the to tal num ber of points with in creas -
ing the sat u ra tion time TS.

We stud ied the trend of R1 with vary ing the re cy -
cle de lay, i. e. the time an af ter the echo and the rep e ti -
tion of the pulse se quence (fig. 1). The pur pose of this
study is to find the min i mum value of RD to en sure the
com plete re turn of the mag ne ti za tion to the equi lib -
rium value and then avoid un der es ti ma tion of the mag -
ne ti za tion in suc ces sive mea sure ments. The study was
con ducted by vary ing the RD from 0.1 s to 2.0 s with
reg u lar steps (and keep ing the other pa ram e ters fixed:
num ber of scans 16, the range of sat u ra tion time TS

from 0.1 to 10000 ms, in cre ment fac tor 1.5). For this
anal y sis, we chose to study the Fricke unirradiated
gels as these sam ples have lon ger re lax ation times than 
those ir ra di ated and there fore are more af fected by the
choice of short RD. If RD value does not af fect the
NMR mea sure ments in unirradiated sam ples then it
def i nitely will not af fect mea sure ments on ir ra di ated
sam ples. The val ues of R1 ob tained from this se ries of
mea sure ments are re ported in fig. 2.

 As shown in fig. 2, the R1 value is strongly in flu -
enced by the de lay time. For RD val ues smaller than
1.0 s the mea sured mag ne ti za tion is un able to re turn to
the equi lib rium con fig u ra tion and the R1 value ex trap -
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Fig ure 1. Sche matic rep re sen ta tion of the sat u ra tion-
-recovery-spin echo se quence

Fig ure 2. Trend of the lon gi tu di nal re lax ation rate for an
unirradiated Fricke gel with vary ing the re cy cle de lay



o lated from the fit is over es ti mated. For RD val ues
larger than or equal to 1.0 s the ex trap o lated R1 val ues
are com pa ra ble within the ex per i men tal er ror.

There fore, for fur ther mea sure ments on ir ra di -
ated Fricke gels, a value of 1.2 s as re cy cle de lay was
cho sen to guar an tee the com plete re cov ery of the mag -
ne ti za tion with chang ing the dosimetric in for ma tion
of sam ples (R1).

Dur ing the op ti mi za tion phase of a NMR se -
quence it is fun da men tal to study the num ber of ac cu -
mu la tions to en hance the SNR while avoid ing mea sure -
ments that last an ex ces sively long time. For a fixed
sat u ra tion time TS (i. e. 5000 ms for which the gel NMR
sig nal has largely reached the sat u ra tion value) we ac -
quired in di vid ual echo sig nals with vary ing the num ber
of ac cu mu la tions to as sess how the choice of this ac qui -
si tion pa ram e ter in flu ences the mea sure ment re sults.

In or der to as sess the sig nal-to-noise ra tio the
max i mum value of the echo sig nal was con sid ered and
the noise was cal cu lated as the stan dard de vi a tion of
the MR sig nal where there is no echo sig nal (fig. 3). In
fig. 4 the SNR is re ported as a func tion of the num ber
of ac cu mu la tions.

The sig nal-to-noise-ra tio as a func tion of the ac cu -
mu la tion num ber was fit ted us ing the fol low ing curve

SNR AN b= (2)

where A is a global fac tor, N – the num ber of scans and
b is the ex po nent. The curve shown in fig. 4 was ob -
tained by a fit and the value of the b ex po nent was
found to be 0.45 ± 0.04 (con sis tent with the ex pected 
N 1/2 de pend ence) with a cor re la tion co ef fi cient R2 =
=.0.954.

Fur ther more, the com plete de ter mi na tion of the
T1 re lax ation times was per formed by in creas ing the
num ber of ac cu mu la tions. We have found that if the
num ber of ac cu mu la tions is dou bled from 16 to 32 the

rel a tive stan dard de vi a tion (RSD) is re duced by 25 %
and if the ac cu mu la tions are in creased from 16 to 64
the RSD is re duced by 35 %. A good com pro mise be -
tween im prove ment of SNR and ex ces sive mea sure -
ment time can be achieved with 32 ac cu mu la tions.

In or der to have a suf fi cient num ber of val ues
(for the fit ting pro ce dure) to ex tract the T1 value, we
have cho sen for TS the range be tween 0.1 ms and 8500
ms with an in cre ment multi pli ca tive fac tor of 1.5 with
29 ex per i men tal val ues. The above-men tioned val ues
al low ob tain ing a sig nal sam pling with 29 val ues in
about 25 min utes.

RE SULTS AND DIS CUS SION

The re sponse of these PVA-GTA dosimetric gels
with xy le nol-or ange for dif fer ent con cen tra tions of
iron was an a lyzed. The ex per i ments re ported be low
were fo cused on the lon gi tu di nal re lax ation time T1

since its re cip ro cal value R1 = 1/T1  is dose-de pend ent
and, in par tic u lar, lin early in creases with dose [33] ac -
cord ing to the fol low ing re la tion

R D kD R1 1 0( ) ( )= + (3)

where R1(0) is the lon gi tu di nal re lax ation rate of
unirradiated sam ples (and is re lated to the ini tial con -
cen tra tion of Fe2+ ions pres ent in side the gels) and k is
a con stant value char ac ter is tic of the gel do sim e ter
(and is re lated to the con cen tra tion of Fe3+ ions pro -
duced af ter ir ra di a tion of the gels).

NMR relaxometry mea sure ments

Af ter the choice of the best pa ram e ters for data
ac qui si tions, the NMR relaxometer was used for
dosimetric char ac ter iza tion of the ir ra di ated gels.
Dose sen si tiv ity of Fricke gels pre pared with 0.5 mM
and 2.5 mM of Fe2+ was in ves ti gated. Our anal y sis was 
fo cused on the dose de pend ence of the lon gi tu di nal re -
lax ation rate R1.
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Fig ure 3. Ex per i men tal data of the NMR ech oes
re corded with in creas ing the num ber of ac cu mu la tions.
This is the ex per i men tal mea sure ment of the echo
re ported in the scheme of fig. 1

Fig ure 4. SNR vs. the num ber of ac cu mu la tions



Unirradiated sam ples and ex posed sam ples of
Fricke gels were stud ied through the sat u ra tion re cov -
ery (SR) se quence. The sig nals for dif fer ent sat u ra tion
times (TS) de scribe the re lax ation of the lon gi tu di nal
H-pro ton mag ne ti za tion MZ from zero to the equi lib -
rium value. Ex am ples of these MR sig nals for two
sam ples (one unirradiated and the other ir ra di ated with 
pho ton beams at 15 Gy) are re ported in fig. 5. As ex -
pected, with in creas ing the ab sorbed dose the re lax -
ation time T1 de creases (and con se quently the R1 in -
creases) as shown by the faster re cov ery of the MR
sig nal for ir ra di ated sam ples than the unirradiated one. 
An ex po nen tial fit of these sig nals was per formed us -
ing the time func tion
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with G and T1 fit pa ram e ters, and per mit ted to ob tain
the T1 value for each sam ple.

Fig ure 6 com pares the re sults of NMR relaxometry 
mea sure ments on the Fricke PVA-GTA gels pre pared
with dif fer ent con cen tra tions of Fe2+ fer rous ions [34].
All data are ex pressed in terms of the lon gi tu di nal re lax -
ation rate R1 vs. the pho ton ir ra di a tion dose.

The Fe3+ ions pro duced by ra di a tion-in duced
ox i da tion of Fe2+ ions act as T1-con trast agents, mak -
ing the lon gi tu di nal re lax ation of H-pro ton mag ne ti za -
tion faster.

Con se quently, R1 is an in creas ing func tion of
dose. Ex per i men tal trends are well de scribed by lin ear
dose func tions (i. e. R1(D) = a + b D) as con firmed by
the cor re spond ing cor re la tion fac tors re ported in tab. 1.

For a better com par i son of the ex per i men tal pa -
ram e ters with vary ing the con cen tra tion of fer rous
Fe2+ irons ions the slopes and in ter cepts are re ported in 
fig. 7.

Fig ure 7 shows the in ter cepts and slopes as a
func tion of the con cen tra tion of iron used. The in -
crease of Fe2+ con cen tra tion in a so lu tion in creases the
lon gi tu di nal re lax ation rate R1 in agree ment with data
from the lit er a ture [34].

This is be cause Fe2+ ions are para mag netic and
in flu ence the hy dro gen re lax ation times which are
mea sured by means of a NMR relaxometer. In par tic u -
lar, the in crease of the re lax ation rate R1 by in creas ing
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Fig ure 5. MR sig nal as a func tion of the sat u ra tion
time TS

Fig ure 6. Lon gi tu di nal re lax ation rate R1 for PVA-GTA
Fricke gels as a func tion of the ab sorbed dose

Ta ble 1. Pa ram e ters of the lin ear re gres sions of datasets
re lated to Fricke gel do sim e ters shown in fig. 6

0.5 mM Fe2+ 2.5 mM Fe2+

R1 in ter cept = 1.31 ± 0.02 R1 in ter cept = 2.295 ± 0.010

R1 slope = 0.013 ± 0.002 R1 slope = 0.0210 ± 0.0010

R2 = 0.9835 R2 = 0.9974

Fig ure 7. Slopes and in ter cepts of the lin ear re gres sions of
datasets re lated to Fricke gel do sim e ters shown in fig. 6.



the Fe2+ con cen tra tion of fac tor 5 is about 75 % and
there fore R1 is not di rectly pro por tional to the in crease
of the Fe2+ ions as also re ported in the lit er a ture for
agarose gels [34].

Fig ure 7 shows also the slopes of the lin ear trend
lines re ported in fig. 6 and these slopes are cor re lated
to the sen si tiv ity of these Fricke gels. The sen si tiv ity
in creases  with Fe2+ con cen tra tions from 0.5 mM to 2.5 
mM. The five-fold in crease in the Fe2+ amount in side
the gel ma trix in tro duces an in crease in sen si tiv ity of
al most 60 %. There fore, in the range of the Fe2+ con -
cen tra tions considered an in crease of the amount of
Fe2+ ions in volves an in crease of the do sim e ter sen si -
tiv ity which is al ways nec es sary for dosimetric ap pli -
ca tions.

CON CLU SIONS

In this work, we in ves ti gated the sen si tiv ity of
Fricke gels do sim e ters pre pared with poly vi nyl al co -
hol added with glutaraldehyde as a func tion of the fer -
rous sul fate con tent.

The anal y sis car ried out by means of NMR
relaxometry pointed out that the MR sig nal in creases
as the Fe2+ con tent in creases and the in crease is of
about 75 % when the con cen tra tion of Fe2+ ions is in -
creased from 0.5 mM to 2.5 mM. Fur ther more, the
sen si tiv ity im prove ment achieved with in creas ing the
Fe2+ con cen tra tion is of about 60 %. This pa per shows
that a por ta ble NMR relaxometer used for anal y sis of
po rous ma te ri als can be used for char ac ter iza tion of
dosimetric gels and this study can be con sid ered as the
first step for the char ac ter iza tion of these dosimeters
which in the fu ture could be used for 3-D dose map -
ping in clin i cal ap pli ca tions.
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Lui|i TRANKINA, An to nio BARTOLOTA, Fran~esko d'ERIKO, Mauricio MARALE

PRELIMINARNA  ANALIZA  FRIKOVIH  GEL  DOZIMETARA  NAPRAVQENIH
OD  POLIVINIL  ALKOHOLA  I   GLUTARALDEHIDA,  OBAVQENA

RELAKSOMETRIJOM  MAGNETNE  REZONANCE

Prikazana je preliminarna analiza Frikovih gel dozimetara koje karakteri{e primena 
nove formulacije matrice polivinil alkohola sa dodatim glutaraldehidom, izvr{ena metodom
relaksometrije nuklearne magnetne rezonance. U prethodnim opti~kim studijama, ovi gelovi su
ispoqili izgledne dozimetrijske osobine u pogledu osetqivosti na fotone i slabu difuziju
feritnih jona nastalih posle ozra~ivawa.

U ovom radu je upotrebqen prenosni relaksometar nuklearne magnetne rezonance kako
bi se izmerila vremena relaksacija (koja su va`na za dozimetrijske primene) gel materijala. U tu
svrhu, izveli smo studiju za optimizaciju parametara akvizicije relaksometrom nuklearne
magnetne rezonance.  Uzorci  gela  izlo`eni  su klini~kim fotonima od 6 MV u opsegu doza od 0 do 20 
Gy. Merewa relaksacija nuklearne magnetne rezonance obavqena su za razli~ite vrednosti
koncentracija jona Fe2* pri ~emu je izmerena osetqivost na snop fotona. Analiza pokazuje da sig -
nal magnetne rezonance raste sa pove}awem koncetracije jona Fe2+ i da porast iznosi oko 75 % za
pove}awe koncetracije jona Fe2+ sa 0.5 mM na 2.5 mM. [ta vi{e, postignuto je pove}awe
osetqivosti za oko 60 % pri pove}awu koncentracije jona Fe2+. Pokazano je da se prenosni
relaksometar nuklearne magnetne rezonance, ~ija je namena analiza poroznih materijala, mo`e
koristiti za karakterizaciju ove vrste dozimetrijskih gelova i ova studija se mo`e uzeti kao prvi
korak u karakterizaciji ovih dozimetara koji bi se u budu}nosti mogli koristiti za 3-D mapirawe
doza u klini~kim primenama.

Kqu~ne re~i: dozimetrija, gel, nuklearna magnetna rezonanca, polivinil alkohol,
..........................glutaraldehid, radioterapija 


