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ABSTRACT

The main aim of the present experimental investigation

is %o study the desimetrie emergy response efL Ca SO 4% Dy
thermeluminescense desimeter ‘o 2)lphaparbieleas, TFor preper
estimation of the dose sbsorbed by the dosimeber, the alphe
pardiele fluenee must be measured. In erder %e do so, CR-39
plastie traeck detector is used. Experimemtal resulbs indieated
that CaSO 4 Dy dosimetrie response to alpha parbiele is net

only function to the elpha particle energy but also to the
emigsion rate of the soures.



INTRODUCTION

Among the commercigl thermolumineseence dosimeters., Ca SO4‘
Dy is the most sensitive TLD and it exhibits conslderablg less
fading than other TLDs as recommended by Becker (1972) (1
the present work results. Recently Vohra et al (1980) 2)
developed a presomnel dosimeter TLD badge based on home made
Ca SO4 : Dy Telfon TLD discs.

It is the aim of the present study is to throw some light
on the energy response of Ca So4 : Dy to alpha particles.
Barlett and Edwards (1979)(3) reported the light conversion
efficiency of TID~700 for alpha particles relative to Co-560
gamma radistion., For the measurements of the dose to the basal
layer of the epidermis from alpha active material ncar the
skin surface, Harvey and Townsend’) used lithium fluoride.
Solid state nueclear track deteetor were used by Malik and
Alwar—Falis) for slpha pertiels dosimeiry and by Abu-Jarad
and FremlinG) to study the air borme alpbha activity inside
houses and to study its emanation frem different materials.

In the present study CR-3%carbonate plastie track detector

is used for alpha particle fluence estimation hence for abs-
orbed dose rate estimation received by the thermoluminescence
dosimeter.



PRELIMINARY WORK

Several TL desimeters sueh as TLD=-100, TLD-200, TLD-400,
TLD-600, TLD-7C0,TLD~800 from Harshow chemieal cempany and
7L1F toflon dises from Teledyne are in use im our laboratary
for dosime¥ric measuroments. The de¥ails given by the TLD ma-
nufactures are reported in Table 1.

Tablo l.
S0lid Thermoluminescenee dosimeters

Manufae~ Physieal Dimensions R 5
Material turer form enaris

IiF TID-100  Harshow erystal 3xz3xl mm® T.5%°Ld,92.5%/1i

LiF TLD=700 " " n 0.01%%1.4,99.99% 714,
I4F TID-600 " : " 95624514, 4, 33% 14
LiF ! =7 Teledyne Teflen 9mmP;0.4m 6% phosphor

dise $thiek.
CaP TLD-400 Harshow erystal 3x3x1 o
CasS0 ,TLD~200 n " " CaSO, 3 Dy




The dosimeters under study ( except LiF-7 Teflen disc)
were annealed at 400« °C for 24 hours, IiF-7 Teflon discs
dosimeters were taken from a new batch and it was annealed at
300°C for ome hour, in order o remove the natural backgrond
radiation sffects.

For TL measurements, the Harshew 2000 (A+B) system was
used vhere the heating time lasts 30 seeends, the maximum
tray temperasure was 240°C ( in order te reduse the background
noise). The heating rate was estimated to be around
8.5°C/sseond fream 50°C te 240°C, hence, the tray temperature
was constant at 240 °C for 7.5 seconds,

l. Response to Gamma rays
In table 2 the sensitivity of the used desimeters

exposed to 6.2 rad gamma rays is reporsed. In the same %able
the relative gemsitivity is imeluded.

Table 2.
Sensitivity of the used dosimeters to Gamma Tays

Dosimeder TL signal in nC Relative sensitivity
nC/mgy

LiF TLD-100 8.8 0.14

CaSOTLD-200 433.2 6.99

CaF TLD-400 172.5 2.78

LiF TLD-600 17.7 0.28

LiF TLD-700 12.0 0.19

LiF""T *eron 2 ° O 0 [ ] 03
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It is clear from table 2 that TILD=-200 (Casg :DY) has the highest
response %o gamma rays while LiF-7 Teflon disc has bhe least
response to gamma rays. Due %o its high sensitivity to gamme
rays caso4: Dy was rscommended for environmenbal radiation
mopitoring. The second quality of this dosimeter is i%s poeor
fading preperty (1.5% during 6 weeks a% 30°C).

In %able 3, the variakion of $he TL wignal of CaSO
with exposure ¥ime is reporisd

Table 3 °
Variatien of TL signal due %o Cs-137 source inside TID
calibrabor with exposure time.

4: Dy

Exposure time 7L signal nC
30 a 19.7
60 s 41.2
2 m 89.9
5n 214.7
10 m 421.9
20 m 779.0

From the ressulds shewn in ¥able 2 i% is clear that the rela-
$ion betwesn TL signal and exposure ¥ime (%) is as
follows

TL signal (nC) = (0,693 +.029) % (s)

For reproducebili’sy sbudies, TLD-200 desimeters were ex-
posed %0 Ca- 137 gamma rays for one minube: and the resul¥s
are presented in ¥able 3a.



Table 3a

Gamma ray reproduesbility resulss fer cnsg : Dy TLD exposed
%o 6.2 mQy

Dosimeter No TL signal in nC

Fresh old

1 41.2 38.5

2 42,2 34.9

3 38.9 35.0

4 37.3 35.3

5 —es 3805
average 39,9 + 1.8 3644 + 146

From the results shewn in table 3a ib is clear that fer fresh
TLD the response to gamma rays is 6.44 + 0.29 nC/mGy end 1% is
for old TLD-200 dosimeters is 5,85 + 0.26 nC/mGy.

The uncersainty of the desimeter Q is evaluabed by the
following -

n
0= p_—i
éa...-:-;-—ﬂ n

- 1=l

where Q, = / _:_P_'_'_'_Eg_ j 100
f P
c

P 48 the mean of a set of measuremenis.

Vi

- 1 L g
P= _....Z m * Fo 18 the dosimeter TL signal.

n 24



2. Response to alphe varticles

For the measurements of the relative reponss of the dosi-
meters under consilleraticon +o alrha particles; Am-241 seures
was used, The TID dosimelers were placed in conbsacks with
the source ( in turn ) so tha% the exposure time mas one mi-
nate only. The time elapsed betwesn the emd of irradiation
and the TL signal measuremenks was adjustad %o be 30 secends.
Experimental results are shown in Tatle 4.

Table 4.
Raesponse of IL dcosgimeters itn An-24]1 radiations

o= -«

=y eewsacs L

wmasea;

Dosimeter 7L signal nC Dosimster TL signal nC
TLD-100 3,451 PLD~60 6.8
TLD~200 400, 24 TLD-700 4,558
TLD-400 68 TID-~-70C Teflon 0.384

e ey o s o3 =

) S ICWEIN

From the resul%: reportesd in Table 2 and Table 4 it
is clear hat (aS0, : Dy has the highesb response not only
to gamma rays tut alse to alpba particles relative to the used
thermoluminercence dosimeders, For the proper estimation of
ths dosimebric ensrgy responses of Ca SO4 ¢ Dy to alpha aprii-
cles the following ozperimsnis wers done.

3. Alpha Parbdisie fluence rate measuremenhs

For alpha particle flusnss rate messuremends, CR-39
carbtenata plastic dedector was used. The plastic desectors

were supplied frem Amerian Acrylie and dhe samples dimensinns
wores 232%x0.1 cm3)



The plasbic detectors are etched afber irradietion $o alpha
partiseles in 30% NaOH gelutions for ome heur at 70°C, In
order to reduce background radiations the plastis detectors
are usually cevered by 5 mg/cm2 polyethylene sheets befe e .
and afber irradiation.

Optical research microscepe was used fer track density
estimatbion,

Seversl alpha-partieles sources were used in the present
study namely U-235, and Am-241 sources.

In table. 5, the variation of track density with exposure
time ( 0.5-3 minutes ) is reported, where the CR-39 detsctors
were brought in close contact with the U-235 source.

Teble 5

Variation of track densidy with exposure hime for
U-235

Exposure bime  firsck density in tracks / em?

% minute 45112 ( ¢ 10.5%)
1 91967 ( + T.T%)
2 174000 ( + 6.0%)
3 254900 ( + 4.6%)

From table 5, it 13 clear bhat the emission rate of the U~235
source is 1400 + 88 tracks / em?. s.

For produetion of slpha particles with emergies less than
4,68 MeV ( U-235 alpha particle energy) the separation dist-
ance between ¥he U-235 and CR-39 detectors in air at 15°C was
varied up %o 2.5 em.



In table 6, the variation of the recorded track density
with separatien distance in air is reported where the expos-
ure lasts one hour for each case.

Table 6
Vairation of track density with separation distance
from U-235 source in air.

EY

Distance alpha particle 1 sk Qensiby
in em energy in MeV tracks/cm?,h
0 4.68 5,04 x 10 6( + 6%)%
1.0 3.7 4.34 x 10° ( + T%)
1.5 3.0 1.4 x 16° ( + 6%)
2.0 2.2 6.4 x 10% ( + 8%)
2:5 105 301 X 104 ( i 10%)

£ ostimated from the results reporded in the last table.

For estimation of the alpha particle energy the range-
energy relationship of alpha partieles in air was used *
after Evans7) since CR-39 responds to alpha particles widh
100% effisciency, henece the tracks/cm®.h results sre the

fluence rate resulis.

For the Am-24]l souree, several atbempts were made %o
estimate alpha particls fluence rate using Cr--39 carbonate
_plastic detectors whea"the source is in close conbact with
the detector, yet all trails were failed and the expesure time
should be mueh less than 2 seaonds. -



Yot using TLD-200 thermoluminescence dosimeters at 35em

from the sourece, activity is estimeted to0 be areumd 0,638 mCi
( 2.36 x 107Bq). Where the following factors were taken inbte
considerations:-

l- The responiie of TILD-200 to keV photons is five bimes itbs
response te (8-137 photons, after Vohra et 312).

2~ The expesure rate of Am~241 at one meter per Ci is °
1072mR/0  ( 7.1 x 1072 A/kg after Vallarie®).

The Am-241 source ares was estimated from alpha radiog-
raphy and it is found to bs 0.264 om?, Frem the previous :
results the fluence rate of +the source is estimated to be
4.0 x 107 alpha particle per cm2 per second, where the source
yield was taken as 10~ alpha per min., /“Ci after the radio
chemical centre Manmual (1978).

4 - Absorbed dose rate estimsdion

For the estimation of the absorbed dose rate received by
Ca 80, : Dy dosimeter during irregiation by alpha particles,
the following relation is usged.

Dzgh B x 1.6 x _]_.07 mGy.S"l (1)
F xR
where D is the absorbed dose rate in mGy g~t

is the fluence rate in em™2 g1

E is the alpha particle energy in MeV.
P is the densiby of Ca SO4 :. Dy dosimeter and it is
measured as 3.5 g/ml t
R is the range of alpha particle in Ca SO4:Dy
4.62x107"R eir ( after dragu’).
where Rair is the range of alpha particle in air,



~10-

From the previous results reported in table 6 and
relation (1) , the variation of the absorbed sose rate rece-
ived by Ca 804 ¢ Dy dosimeter with the separabion distance -
in air is tabulated in Table 7.

Table 7
Varistion of abserbed dose rate with separation disbance
from U235 sourcs.

separabion alpha partiele estimsbed abserbed
distance energy in NMeV dese rate in mGy/h

in gentaect 4,68 MeV 796 ( + 6%)

1 enm 3.7 MeV 72.1( ¢ T%)

1.5 em 3.0 MeV 24.3( + 6%)

2,0 em 2.2 NeV 11.6( + 8%)

2.5 em 1.5 MeV 6.6 ( +10%)

5 - Desimetric energy regponse of Ca S0, : Dy dosimeter

For the proper estimadion of the dosimetriec energy response of
Ca 80, : Dy dosime¥ers ¥o slpha particles, Ca SO, : Dy
dosimebers were placed in surn 2t various distances frem bhe
U=235 scurce, where the exposure time lasts 100 hours.

Sines U-235 gource not only emi$s alpha particles but
also low energy plistens, bhence TL measuremen$s were
carried oub with and widthoud pelyethylens sheet

(% 5 Eﬁlﬁmaio
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Variation of the recorded TL signal with the separation dista-
nce from the source is reported in Table 8,

Table 8
Variation of TL signal with the separation distance in alr from U-235
gource.

separation particle TL sigpal (nC)
distance in energy in with without net due to
cn Mev shield sghield alpha part
icles
0 4,68 91 2078 1987(+ 4%)
1 3.7 15 110 175(+ 4%)
1.5 3,0 9 49 40(:"_ 5%)
2.0 2.2 5.6 15 9.4(+ T%)
2.5 1.5 4 6 2 (+£15%)

From the previous resulta reported in Table 7 aund table 6
the dosimetric energy response of alpha particles is estimated
for alpha particle encrgics from 4.68 down to 1.5 Mov and it is
found as reported in Table 9,



-1l

Table 9
Dogimetriec energy respomse of TLD-200 for alpha particles

- -

Energy in MeV dosimetric response

nC/mGy relative bo 8 - MCBYS
4,68 MsV 025 (7.2%) 4.1 x 2073( & 0,2%) :
3.7 MeV o024¢ + 8%) 3.9 ( + 9.5%)
3.0 MaV »016( 7,8%) 2.6 (8.76 % )
2.2 MeV .008( 13%) 1.3 (13.6 % )

1.5 MeV .003(18 %) 0.5  (18.4 % )

For Am-241 sources, variation of TL signal with and with-
out polyethylene shisld (. > 5 mg/cmz) are reported in table
{0, where the exposure time varies from one minute: %o .100,

hours according to the separation dintance and the results ere

normalized to one hour. x
JTable (10)T

separation distanee alphs energy T signal is ne

in em withont with, .net

shioda _ sHieda

0 5.5 MeV 24000 194 23806

le4 4,0 30,7 6.3. 24.4 °
2.2 342 4,81 2,8- 2.0

3.1 1.7 1-40 ) 10,23¢ 0917 .
441 — 0.T7 0.71 06

5+1 — 0,49 «49 e




- 3
Vairation of TL signal recorded in TLD-200 with the
soparabion distance Ifrom Am-24]1 souree,

Frem the previous resul¥s reported in table 9 and
%able 10 the estimated ahsorbed dose rate at various distan-
e¢es from the Am, 241 ( due to alpha parbtieles) is esbimmbed.

Table 11

Esbination of $he & = absorbwd dose rate in ecendrad and
around Am-241 sourse.

parbicle enasrgy mﬂy/h! mGy/h Remark

5.5 MeV 106 2,0x107*  zestimabed from

4,0 NeV 101 2,2x10% s . resulds.

3.2 MeV 11 ses¥imatad from

1.7 MoV 42,5 Hel3ee the source zct~-
ivivy.

sc08tinmated from
+rack measures.

SR

where the range of Am-241 alphas parbisles is recently reported
o be 4 em by AKber -~ et al im air or ( 5,00 0.06)
mg/am? by Thwaibestl),

From table ll, i% is clear dhab at low dose rate
agreeument is evident between the resulbs ob¥ained from TL
maasurements and $rack messuremends, while of dose rate greater
then 1 Gy/ hr the results obtained by 7L measuremenis is mmech



les than the results obiained by the track method. Hence, i%
is evident that Ca 804: Dy is absorbed dose rate dependent

6 - (Coneclusiens
The present work experimental investigation may indicate
the following fsatures

l- Ca SO4 ¢ DY TID has not only excellent properties for
photons dosimetriec measurements but also it is the most sens-
itive dosimeter for alpha particle dose estimation.

2 = CR=39 carbonate plavie debector is proven to be exc-~
ellent alpha particle deteestor provided that the alpha pare--
ticle omission rate of the source ig less than 106 alpha par
tieles / em? per second.

3 -~ It ig evident from the present sbudy that Ca 504 s Dy
response varies from 4 x 103 at 4.5 MeV o 5 104
at 1.5 MaV relative to Cs - 137 % -rays.

4 - Present work experimental results clearly indicates
that Ca 504 : Dy detector is also absorbad dose rate
dependent.

5 -~ Since alpha partiecle sources are widely used in
research institutes and universities, hence, basic rsdimiion
protection measures mist be applied carefully and it must be
noticed that the gamma ray surface absorbed dose is estimated
to be 6.7 mGy/h for Am-241 and for U-235 souree it is
0.03 mGy/h. While ¥%he surface asbsorbed dose due to alpha-
particle is around 400 Gy/ min. for Am-241 and for U-235
is around 0.8 Gy/hour.

6 ~ Thin sheeds of Ca 804 : Dy erysials may prove
%0 be the idesl alpha particle dosimetber.
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