International Journal of Applied and
Natural Sciences (UANS)pp A International Academy of Science,

ISSN(P): 2319-4014; ISSN(E): 2319-4022 ‘ 4 ) Engineering and Technology
Vol. 3, Issue 4, July 2014, 29-36 e . : .
© IASET IASET Connecting Rescarchers: Nurturing Innovations

STUDY ON THE EPR/DOSIMETRIC PROPERTIES ON DL-TRYPTO PHAN

S. EID & A. MANSOUR
National Center for Radiation Research and Teclyylatomic Energy Authority, Cairo, Egypt

ABSTRACT

Polycrystalline DL-tryptophan is promising materfat EPR dosimetry, because it has a large yieldtable
radicals due to gamma radiation. The free radicgicentrations in DL-tryptophan proportional to thiesorbed dose.
The EPR spectra of DL-tryptophan have a spectrasagitting factor of g = 2.00922 + 0.02107 andbsfine constant
A= 3.875 £ 0.787 mT. DI-tryptophan have specifiedREdignal developed under irradiation in the dosgeafrom 0.5-200
kGy. The obtained number of free radicals per 180 (& value) was found to be 0.063 = 0.01. The prel a

post- irradiation stability was found to be satisfay.
KEYWORDS: EPR - Radiation Dosimetry — DL-Tryptophan
INTRODUCTION

The electron paramagnetic resonance (EPR) is aitggh commonly used for low and high doses dosiynaitr
the gamma, X, neutron and electron radiations,dactidosimetry, studies of defects, analysis oicedsl, etc. The EPR
technique detects unpaired electrons trapped iorystalline lattice. The intensity of the EPR sibis proportional to the
absorbed dose. The non-destructive nature of ttectien also allows the study of species trappeblidfogical samples

such as bone, tissue, drug, teeth, hair, fingeymad dry skin [1, 2, and 3].

The use of the alanine as a dosimeter happenedthéediscovery of EPR technique. The alanine spect
presents multiply resonance lines and a high qtyaotifree radicals formed by absorbed dose ufijtifds an amino acid
with effective atomic number very close of the huntigsue, it presents a stable and simple sigri#i, lew background,
low coast, easy handling and available univerg@i#§]. Photochemistry and photolysis of aqueougttsghan has been
widely studied over last decades [9]. Contraryreh@ave been very few studies on the radiation &tenof solid state
tryptophan [10]. Sagstuen et al., have reported BRR spectrum measured of a single crystal ofyptaphan-HCI
irradiated with 4MeV electrons indicates the forimatof at least two different radical species [1The objective of the
present study is preparation of a new EPR dosimédigyptophan has been selected because it's stawards
environmental conditions, easily handling. The puobkty of using the new dosimeter as EPR dosimeteterial is

examined.

MATERIALS AND EXPERIMENTAL

Materials

DL-tryptophan (Merck code is T61613) has the md@céormula of GiH;:,N,O,, molecular weight 204.23 g,
and the melting point is 289C. Both hot melt stick adhesive based on ethyleiyl vacetate copolymer
(Tec-Bond 232/12, Power Adhesives Limited, Englaaf] paraffin wax (congealing point 65-%1, BHD) were used in
rods preparation of DL-tryptophan.
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Preparation of DL-Tryptophan Rods

An equal weight mixture of paraffin wax and ethydevinyl acetate copolymer (EVA) was melt at 85®%n a
water bath. 5, 10, 20 and 40% fine powdered DLttypphan material was added to the hot mixture smiutand
mechanically stirred for about 15 minutes at thmesdaemperature to obtain a homogeneous mixture.hbheolution is
sucked into polypropylene tubes (inner diameterr8)rand was left to solidify by cooling. Tryptopharixture rod was
obtained by removing the polypropylene tube theriro rods (3 x10 mm dimensions). The average roa#ise prepared
rods was found to be 0.0714 + 0.0035 g.

Irradiation

Co irradiation facility was used for irradiation tife prepared rods. The absorbed dose rate was a8
kGy/h overall the time of the experimental partr@éhrods at each dose were irradiated togethéieatentral position of

the sample chamber using a specially designed hoidde from polystyrene to ensure electronic eoyiiiim.

EPR Measurements

EPR signals were recorded at room temperature ing as X-band EPR spectrometer (Bruker EMX, Germany
The operating conditions are, microwave power 5088, modulation amplitude 0.5 mT, modulation freqexl 00 kHz,
sweep width 20 mT, microwave frequency 9.721 Ghzetconstant 81.92 ms and conversion time 20.48Tims.bottom
of the EPR tube was adjusted at fixed positionrsuee reproducible and accurate positioning ofrtiuis in the sensing
zone of the cavity. EPR spectra were recorded atorientations of each rod in the EPR cavityaiod 96) to reduce the
orientation effects. The readings were corrected hysing reference standard material DPPH
(a- a-diphenylp picrylhydrazyl).

RESULTS AND DISCUSSIONS
Radical Species of Irradiated DL-Tryptophan

The EPR spectra of non-irradiated and irradiatgdtdéphan rods to a dose of 35 kGy measured atahees
parameters and at room temperature were showrngird-ila (Inset Figure la is molecular structur®bitryptophan).
Figure 1a shown that, the EPR signal developedrasudt of radiation-induced radials, also no sidres detected for the
non-irradiated tryptophan. A typical EPR signalro@diated DL-tryptophan is shown in Figure 1b. ®ignal consists of
four major peaks: a broad one observed at g = 2D08th line-widthdH = 2.29 mT (named Tfstable radical) and the
other peaks were observed at g = 2.03216, 1.99848 #8713 (named Tffransient radicals). Also, EPR spectra of the
tryptophan radicals are dominated by the large Hiypesplitting constantX = 3.875 £ 0.787 mT) [12].
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Figure 1: (a) EPR Spectra of Non-Irradiated and Irradiated DL-Tryptophan Rods
(40 %) at a Dose of 35 kGy, (b) g Values at Diffent Peaks

The calculated g-values corresponding to' Bmpd Trg radicals are in good agreement with the data were
obtained by F. G. Wertz [18].
Effect of Concentration on the EPR Signal Intensity

Four different concentrations of DL-tryptophan nantg 10, 20, 40% were irradiated to a dose of Gy nd the
obtained spectra were shown in Figure 2, from whictould be concluded that the peak intensity éases with the

increase of DL-tryptophan concentration.
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Figure 2: EPR Spectra Recorded for Tryptophan Rod®f Different
Concentrations Irradiated to a Dose of 15 kGy

Dosimetric Properties

Micro-Wave Power Dependence

A general rule for quantitative EPR measurement® ikeep the microwave power in the unsaturateibneg
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The parameter optimization was based on the depeedef the signal amplitude on microwave powers Hependence
was measured using DL-tryptophan rod (40%) irra&diab 35 kGy. Figure 3 shows the peak-to-peak s@malitude as a
function of the square root of the microwave powldre optimum value for carrying out the measures&n6.053 mw
(corresponding to ¥ = 2.248 mW) was selected because the signal ityeinsireases as a function of microwave power

without reaching saturation. The spectrum obtagtatiis value has the best line shape and acdimatevidth.
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Figure 3: Relationship between the Square Root of Mrowave Power (mW?)
and EPR Signal Intensity ofy—Irradiated Tryptophan Rod (35 kGy)

Dose Response

Figure 4 represents the EPR spectra of DL-tryptopbds (20%) were recorded after irradiation toedo®.5, 5,
10, 35, 75, and 100 kGy as well as non-irradiatetd From this figure it can be seen that the ERRaibegins to develop
upon irradiation and its amplitude increases griglwath increasing the absorbed doseyafiys. The kinetics of the small

peaks could not be accurately established due gotrspp overlap with the main peak, this means #midr radical Trp

migrate to main peak THj14].
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Figure 4: The EPR Spectra of Tryptophan Rods Irradated to Different Doses (20%)

Figure 5 represents the response curves for theskia of tryptophan rods concentrations (5, 10ar2d 40%) to

different absorbed dose (0.5 - 200 kGy) to reatbration. EPR spectra were recorded to establishrébponse curves

(each dose point is represented by the averages @B rods measurements). The response curvemedbtéor the

irradiated samples in terms of average peak-to-aaklitude normalized to rod mass (peak height/inasssus the
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absorbed dose. It can be seen that the EPR sigpakity of tryptophan rods increases with theease of absorbed dose

(inset Figure 5) and tryptophan concentration énrthds.
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Figure 5: Dose Response of Irradiated Tryptophan Bds at Different
Doses for Different Concentrations

Radiation Sensitivity G-Value

The efficiency of a dosimeter is expressed by aalBe; i. e. the number of radicals or ions produbgdhe
absorbed radiation per 100eV. The radical formagifficiency was determined by double integratiornhaf first derivative
spectra of strong pitch (DPPH) and compared witls¢hof irradiated rods. The absolute spin conceotravas estimated

by using the following equation [15].

A sampish 11 streeng ik

A ooz oaen X Dose (Gy) X m (g)

=6.25 x 18.G (Gy'g?h

Where, Aample Astrong-pitch Mstrong-pichdNd M are the areas of integrated signals of saamulestrong pitch, number

of spin in strong pitch and the mass of the sampkgpectively. The G value of the whole area wasdo0.063 40.01.

Pre-Irradiation Stability

The pre-irradiation stability of DL-tryptophan rodsas investigated by measuring the EPR signal of
non-irradiated rods with concentration 20 % duistgrage period of 60 days. The rods were conditi@te35 % RH and

at room temperature (25 +°2) in dark and laboratory light, it was noticedttha detectable EPR signal was produced

during the storage period at different storage .

Post-Irradiation Stability
Short Term Decay

Figure 6 shows the obtained decay behavior of tiadianduced-paramagnetic centers in DL-tryptophad
(concentration 20%) at a dose of 35 kGy. The iatatl rod was fixed inside the EPR cavity center measured for 5
hours. It can be seen the free radicals undergoetom orientation immediately in the first few ntiei after irradiation.

After that, EPR signal intensity tends to be slighicreased because the radicals attributed t6 firgrates to Trh
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Figure 6: Decay of EPR Line of Irradiated Tryptophan (Conc. 20%) at a Dose of 35 kGy

Long Term Decay

DL-tryptophan rod was irradiated to a dose of 3% l&Bd measure the signal intensity at differenetimervals

of 60 days as shown in Figure 7. The peak intengityes shows slight increase in the first two veeeken tends to be
stable to the end of storage period.

From inset Figure 7 it has been shown that transipacies (Trprepresented by black line immediately after
irradiation and red line represent the same ragligfier 1 day from irradiation) generated by ganmayaare transported by
diffusion (migrate) to Trp and this leads to grow the peak height of EPRasign reach maximum after 4 days
(green line, notice that the small peaks have gisaped). After about two weeks from irradiationréhis an absence of

species attributed to Trand the still stable EPR signal due to™T(giecay percent = 4.89 within the storage period).
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Figure 7: Post Irradiation Stability of Tryptophan Rods Irradiated to 35 kGy

Humidity during Irradiation

The effect of relative humidity during irradiatiam the response of DL-tryptophan rods of concenma20%
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was investigated by the irradiation of the roda tiose of 50 kGy at different humidity values. Thes were stored before
irradiation for a 3 days period under the sametisedhumidity as when irradiated, so that equililbbni moisture content in
the rods has been Established during irradiatiogurE 8 shows the variation in EPR signal intensitya function of
relative humidity during irradiation relative toethresponse value at 33% relative humidity. It cancbnclude that

DL-tryptophan rods has negligible humidity effeetthe range of humidity from 0-100 % not exceeds 5%
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Figure 8: Variation of EPR Response of Tryptophan Rds as a Function
of Relative Humidity during Irradiation (Conc. 20% )
CONCLUSIONS
From the data presented in this study, the follgwdanclusions can be drawn
* A new Tryptophan rods have been prepared by a siteghnique in the laboratory.

» The prepared rods have significant EPR signal dgesl upon irradiation and its intensity increasés whe
increase of absorbed dose and DL-tryptophan coratént. * The useful dose range was found to bel0®
kGy (linear range is 0.5-35 kGy).

e The obtained number of free radicals per 100 eWdse) is 0.063 + 0.01.

» About 5 % decay at room temperature was observstbige period (60 day).

*  The effect of humidity on response of this dosimesn be neglected during irradiation (not excezeéls).

* The tryptophan rods may be a good candidate fdneksc applications at the dose range of 0.5-1G§.k
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