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The in door low gamma dose rate ex po sures due to Egyp tian room build ing ma te ri als are as -
sessed by means of three dif fer ent tech niques: ex per i men tally by us ing a thermoluminescent
do sim e ter, the o ret i cally by us ing the gen eral room model and by the Monte Carlo sim u la tion
through the RESRAD-BUILD soft ware. The pres ent study aims at val i dat ing the the o ret i cal
meth ods so that it can be am ply used for mea sur ing the low dose rates usu ally as so ci ated with
the build ing ma te ri als. The mea sured in door dose rates were in the range of 55.92 ± 14.47 to
86.89 ± 16.68 nGyh–1 de pend ing on the po si tion in side the room as ob tained by the
thermoluminescent do sim e ter af ter 5 months' ac cu mu la tion. Lower dose rates are ob tained
near the door and win dows while higher dose rates are ob tained at the cen ter of the room, and
close to the ex tended walls. Com pa ra ble re sults of the dose rates at same po si tions in side the
room are ob tained by the RESRAD-BUILD soft ware. The room model is re stricted to the
room cen ter and also gives com pa ra ble re sults. The three meth ods showed com pa ra ble re sults,
which in turn con firm the rec om men da tion of us ing the o ret i cal ones, with RESRAD-BUILD
soft ware be ing more ac cu rate.

Key words: dose rate, Egyp tian build ing ma te rial, room model, RESRAD-BUILD soft ware,
TLD do sim e ter

IN TRO DUC TION

Ion iz ing ra di a tions in the en vi ron ment orig i -
nated from a va ri ety of sources, both nat u ral and ar ti fi -
cial. Mea sure ment of the gamma dose rate in air is es -
sen tial to iden tify the back ground lev els, ex po sure and 
the risk to the pub lic [1]. Gamma spec trom e ters (GS),
thermoluminescent do sim e ters (TLD), and por ta ble
sur vey me ters (PSM) are three dif fer ent tech niques
com monly used for mon i tor ing the back ground
gamma dose rate [2-4].

The GS tech nique is widely ap plied by col lect ing
the sam ples and mea sur ing the gamma rays emit ted, an -
a lyz ing the ob tained spec trum and de ter min ing the
radionuclide ac tiv ity con cen tra tions and then cal cu lat -
ing the dose rate from the well-known Beck for mula [5,
6]. In case of the build ing ma te rial, it is dif fi cult to have
a rep re sen ta tive sam ple of the whole room; in stead,
mixed sam ples are used.  The rep re sented dose rate in
air is usu ally es ti mated at one me ter  above the floor, as -
sum ing that the ra di a tion is emit ted  from uni formly dis -

trib uted nat u ral ra dio ac tiv ity down to a 5 cm depth; and
that both the U-se ries, and Th-se ries are in a state of sec -
u lar equi lib rium [7]. The TLD tech nique is widely used
for en vi ron men tal gamma dose rate mon i tor ing, and
also for do sim e try ap pli ca tions. High sen si tiv ity is re -
quired  to de tect doses  as low as 1 mGy and as high as 1
Gy with good lin ear and en ergy re sponse char ac ter is tics 
[8-10].

A sur vey of gamma ex po sure in dwell ings can
been per formed us ing TLD [11, 12]. The most com -
monly used TLD ma te ri als are LiF doped with Mg,
Cu, or P; Ti, CaF2 doped with Dy, and CaSO4 doped
with Dy. These TLD can ac cu mu late ra di a tion en ergy
over ex po sure time and with the ef fect of heat ing, the
ab sorbed ra di a tion en ergy is re leased as a vis i ble light.
The in te grated in ten sity of the emit ted light is pro por -
tional to the ex po sure dose. There fore, the cu mu la tive
gamma dose over a pe riod of time can be es ti mated
from the mea sured in te grated thermoluminescence in -
ten sity. This can be con sid ered  more rep re sen ta tive
within the time in ter val with more mean ings than the
in stant time  val ues mea sured by PSM or area mon i tors 
[8, 11, 12].
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Sev eral mod els have been in tro duced in the last
20 years to pre dict ex po sure of the pop u la tion to the
gamma dose due to nat u ral ra dio ac tiv ity con tent in
build ing ma te ri als [13-19]. Start ing from the ac tiv ity
con cen tra tions of 238U, 232Th, and 40K in the build ing
ma te ri als, mod els have been de vel oped to make it pos -
si ble to cal cu late the ab sorbed dose rate in air due to
gamma ra di a tion. Ra dio ac tive equi lib rium is the main
as sump tion for all these mod els; al though, it is well
known that ra don and thoron es cape from the walls, so
that no real equi lib rium in the nat u ral se ries ex ists. In
par tic u lar, it was eval u ated that over es ti ma tion by
mod els reaches up to 20 % in the case of  strong ra don
ex ha la tion [14, 20, 21]. Also, it was ob served that the
ef fect of chang ing the po si tion and di men sions of the
room  causes low vari abil ity of the specific dose rate;
while high vari abil ity with wall thick ness and den sity
are ob tained [16]. All these ef fects in ad di tion to  the
ex is tence of doors and win dows are rec og nized [15]. 

The RESRAD-BUILD is part of the RESRAD
fam ily of codes, which have been de vel oped at the
Argonne Na tional Lab o ra tory in or der to in ves ti gate
the likely im pact to hu mans and biota due to ra di a tion
ex po sures from re sid ual ra dio ac tive ma te ri als. The
RESRAD-BUILD com puter code has been built to
sim u late the dose re ceived by an in di vid ual who works 
or lives in a build ing con tam i nated with ra dio ac tive
ma te rial [22]. The ex ter nal ex po sure cal cu la tions in
RESRAD-BUILD are based on the dose con ver sion
fac tors ob tained from the US Fed eral Guid ance Re -
port-12 [23]. These fac tors are cor rected con sid er ing
the thick nesses, den si ties and the fi nite area of vol ume
sources. The point-ker nel method is used to de rive the
area and ma te rial fac tor [24].

The aim of the pres ent study is to com pare the
three dif fer ent tech niques: ex per i men tal us ing TLD
and the o ret i cal tech niques us ing the gen eral room
model and the Monte Charlo sim u la tion through the
RESRAD-BUILD soft ware. This intercomparison is
aimed at val i dat ing the the o ret i cal meth ods as a rapid
and re li able tech nique for eval u at ing the in door
gamma dose rate ex po sure due the Egyp tian room
build ing ma te ri als. 

MA TE RI ALS AND METH ODS

Room ge om e try

The geo met ri cal di men sions of the stud ied room
are shown in fig. 1. This room has only one win dow
and one side door. The room di men sions are 250 cm ́
´.320 cm ´ 400 cm.  All room walls,; in clud ing the
floor and ceil ing, had fixed thick ness of 20 cm. The
room floor and ceil ing are con structed from con crete
while the walls have some parts from con crete and
other parts from red clay bricks. The space con tain ing
the win dow is com pletely cov ered with glass and has

no build ing ma te ri als. The se quence of the Car te sian
axis is taken from the small est to the larg est di men -
sion.

Dose con ver sion fac tor cal cu la tion

The ab sorbed gamma dose rate, D, due to the
nat u ral radionuclides in build ing ma te rial, in air at the
cen ter of a room with geo met ri cal di men sions x, y, z is
given as [25]

D q A q A q A= + +U U Th Th K K (1)

where AU, ATh, and AK are the ac tiv ity con cen tra tions
of the nat u ral se ries 238U, 232Th, and 40K, re spec tively,
in Bqkg–1, and qU, qTh, and qK are its dose con ver sion
fac tors (nGyh–1 per Bqkg–1).

Tak ing the di men sions x, y, and z in the se quence
of in creas ing val ues where x is the small est and z is the
larg est one, the dose rate con ver sion fac tor is writ ten
as
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where x, y, and z have to be ex pressed in cen ti me ters to
ob tain q in pGyh–1 (Bqkg–1)–1. The val ues of 10 fit ting
pa ram e ters for qU, qTh, and qK, given with six sig nif i -
cant dig its, are listed in tab. 1.

E. Salama, et al.: Eval u a tion of the Gamma Dose Rate In side Egyp tian ...
176 Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2019, Vol. 34, No. 2, pp. 175-180

Fig ure 1. Study room di men sions and TLD mea sur ing
po si tions

Ta ble 1. The val ues of the fit ting pa ram e ters in the fitting
eq. (2)

Fit ting
pa ram e ter

Fit ting pa ram e ter value [nGyh–1 per Bqkg–1]

qU qTh qK

d 690.299 816.252 61.4686

a1 –0.482268 –0.603099 –0.0477798

a2 1.00018 ´ 10–3 1.20942 ´ 10–3 9.0054 ´ 10–5

a3 –7.41711 ´ 10–7 –8.76598 ´ 10–7 –5.8282 ´ 10–8

b1 0.553443 0.764372 0.0750573

b2 –1.10782 ´ 10–3 –1.559157 ´ 10–3 –1.57251 ´ 10–4

b3 7.45542 ´ 10–7 1.12854 ´ 10–6 1.10926 ´ 10–7

c1 0.169166 0.241437 0.0127244

c2 –1.87233 ´ 10–4 –2.7921 ´ 10–4 –1.09355 ´ 10–5

c3 9.79737 ´ 10–8 1.40905 ´ 10–7 5.25216 ´ 10–9



Build ing ma te rial ra dio ac tiv ity
con cen tra tion 

The build ing ma te rial of the whole room is not
ho mog e nous. There fore, it is im pos si ble to mea sure
the ra dio ac tiv ity con cen tra tions of a sam ple which
rep re sents the build ing ma te rial. In the cur rent study,
most build ing ma te ri als of the studiedy room were
con crete and red clay bricks. The av er age ra dio ac tiv ity 
con cen tra tion of these two com po nents is the best rep -
re sen ta tive for the build ing ma te rial ra dio ac tiv ity as
shown in tab. 2. 

Dose rate in air vs. the
po si tion in the room

The vari abil ity of the dose rate in air at a 1 m
height by mov ing from the cen ter of the room to wards
the walls can be es ti mated based on Markkanen's room 
model and as sump tions. The cal cu lated dose rate de -
creases with in creas ing the dis tance from the lon ger
walls; up to a dis tance of 1 m. The in crease from the
cen ter falls within 9.3 % and 17.3 % at 0.5 m. The
room model is ap plied to the room shown in fig. 1. The
vari a tion of the dose rate in air, in re la tion to the po si -
tion in the room is then de ter mined. It is proved that
there is a sig nif i cant vari a tion  cor re spond ing to build -
ing com po si tion (18 %) i. e., the num ber of win dows
and doors, po si tion in side the room (17 %) and den sity
of the build ing ma te ri als (up to 32 %) [15].

Us ing RESRAD-BUILD soft ware im plies that,
the re cep tors po si tions in side the study room and the
room di men sions should be de ter mined. The se lected
po si tions which are the same po si tions of mea sure -
ments as shown in fig. 1 and the model re al iza tion for
the room are shown in fig. 2.

The ab sorbed gamma dose
rate mea sure ment us ing TLD

Com mer cial LiF: Mg, Ti (TLD-700) chip
thermoluminescent phos phors from Harshaw are used
to mea sure the ab sorbed dose rate in side the study
room with five thermoluminescent chips stacked for
five months in each po si tion. The do sim e ters are high
sen si tiv ity tis sue equiv a lent ones. The TLD batch ho -
mo ge ne ity (max i mum de vi a tion mea sure ments from

min i mum to max i mum for the same ir ra di a tion dose)
was less than 5 %, with reproducibility of ±3 %.

The dosimetric prop er ties such as dose cal i bra -
tion fac tor (lin ear ity of re sponse), fig. 3, and fad ing
char ac ter is tics (2 % over five months) of the used TLD 
are de ter mined. The ir ra di a tion of the used TLD is per -
formed by us ing 37 ́  1012 Bq of a well cal i brated Cs137

source – model GB150, man u fac tured by Atomic En -
ergy of Can ada in 1970. This source is avail able at
Egypt's Na tional In sti tute of Stan dards (NIS). The ir -
ra di a tion dose rate was 936 µGy/h at the time of the
TLD ir ra di a tion.  Read ing of the used TLD phos phors
is achieved by us ing the Harshaw – 3500 TLD-reader
(Thermo Sci en tific USA) avail able in NIS.  The  read 
out tem per a ture range was from 50-300 °C at 2 °Cs–1

of the heat ing rate. 
Dif fer ent sen si tiv ity cor rec tions and back -

ground sub trac tion for TL-700 chips are con sid ered
for these sen si tive en vi ron men tal mea sure ments due
to the long mea sur ing time and the am bi ent fac tors
(tem per a ture, hu mid ity and UV light). The av er age
tem per a ture at the time of mea sure ments was 24 °C
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Ta ble 2. Av er age con tent and spe cific ac tiv ity of 238U,
232Th, and 40K us ing ICP-MS [26]

Sam ple type
Spe cific ac tiv i ties [Bqkg–1]

238U 232Th 40K

Red clay brick 32.59 ± 0.37 34.28 ± 0.45 316.19 ± 2.63

Con crete 32.35 ± 0.49 25.34 ± 0.12 289.40 ± 2.36

Av er age 32.47 ± 0.17 29.81 ± 6.32 302.80 ± 18.94

Fig ure 2. Room model in RESRAD-BUILD

Fig ure 3. The TLD-700 cal i bra tion curve



and the mean rel a tive hu mid ity was less than 30 %.
Also, all used phos phors are stored in good dark plas -
tic en ve lopes which are pre pared for such en vi ron -
men tal mea sure ments. 

Thermoluminescence mea sure ments are per -
formed at spe cific points in side the room as in di cated
in fig. 1. Twenty an nealed do sim e ters were used and
di vided into four groups, each of 5 stacked phos phors
be ing fixed at each po si tion for five months. Tak ing
into ac count the ther mal fad ing dur ing this long pe riod 
of mea sure ments, the ob tained re sults are cor rected
against the ther mal fad ing.

RE SULTS AND DIS CUS SION

The study room di men sions and the dose rate
con ver sion fac tors are shown in tab. 3. 

The mea sured and cal cu lated ab sorbed dose rate
at the se lected po si tions in side the stud ied room and
the cor re spond ing an nual ef fec tive dose rates, E, cal -
cu lated ac cord ing to the fol low ing for mula [1], are
shown in tab. 4.

E D(Svy ) (Gyh ) 8760hy 0.8 0.7 SvGy1 1 1- - - -= × × × 1

(3)

The cal cu lated dose rates and the cor re spond ing
ef fec tive dose by the an a lyt i cal room model are com -
pa ra ble and act ing within the range of the mea sured
val ues by the TLD tech nique. The large un cer tainty in
the TLD mea sure ments is ex pected due to the small
en vi ron men tal dose rate.

As a con se quence, the value of the in door ab sorbed 
dose rate at the cen ter of the room is 72.12 nGyh–1  is con -
sis tent with  the world av er age value (70 nGyh–1) [27,
28]. The per cent age vari a tion in the ab sorbed dose rate
due to the po si tion is up to about 20 %. The ef fec tive dose 
rates et all points are be low the per mis si ble dose rate. 

The ob tained re sults of the ef fec tive dose rate by
the RESRAD-Build code de pends on the build ing ma -
te rial ra dio ac tiv ity con cen tra tions, the po si tion in side
the room (re cep tor) and the room air ven ti la tion rate.
The used ven ti la tion rate for the above re sults is 4 h–1

which is the com mon nat u ral ven ti la tion for most
build ings. This means the use of this code is re stricted
to the pre vi ous de ter mi na tion of the ven ti la tion rate.
The room model is able to cal cu late the dose rate at the
cen ter of the room only while the other points can be
pre dicted based on its dis tance from the large wall and
the po si tion with re spect to the room door and win -
dows [15].

CON CLU SION

The gen eral di men sional room model can be
used as a rapid cal cu la tion method to pre dict the
gamma dose rate at the cen ter of dwell ing rooms. The
cal cu lated val ues are close to those ob tained by mea -
sure ments for long ex po sure time (about five months)
by us ing the con ven tional TLD-700. Re gard ing other
points in side the room, the room model can also pre -
dict the read ing based on its dis tance from the large
wall and how close this point is to the room win dows
and door. The RESRAD-Build code is a suc cess ful
sim u la tion code for de ter min ing the av er age dose at
any po si tion in side the room on the as sump tion that,
the ra dio ac tiv ity con cen tra tion in the build ing ma te rial 
is known and the room di men sions are fixed. More -
over, ra don em a na tion can be in volved and the ven ti la -
tion rate can be con trolled to ob tain the full dose or
dose rate for var i ous room di men sions. The ex per i -
men tal work of the pres ent study proved that ra di a tion
safety as sess ment in dwell ings can be re li ably and rap -
idly pre dicted uti liz ing the RESRAD-Build code even
be fore con struc tion, as sum ing the build ing ma te rial
re lated prop er ties are known.

AU THORS' CON TRI BU TIONS

The idea for this re search work was ini ti ated by
E. Salama. Mea sure ments and com pu ta tions were car -
ried out by E. Salama and H. A. Soliman. Also, both
au thors an a lyzed and dis cussed the re sults.
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Elsajed SALAMA, Hala A. SOLIMAN

OCENA  JA^INE  GAMA  DOZE  U  EGIPATSKIM  ZGRADAMA 
POMO]U  TEORETSKIH  I  EKSPERIMENTALNIH  TEHNIKA

Izlagawa niskim ja~inama gama doza u zatvorenim prostorima, usled gra|evinskih
materijala koji se upotrebqavaju u Egiptu, oceweno je pomo}u tri tehnike: eksperimentalno ‡
kori{}ewem termoluminiscencije termoluminiscentnih dozimetara, teoretski ‡ kori{}ewem
op{teg modela sobe i Monte Karlo simulacijom ‡ pomo}u RESRAD-BUILD programskog paketa.
Ova studija ima za ciq da potvrdi teoretske metode kako bi se mogle koristiti za merewe niskih
doza koje se obi~no povezuju sa gra|evinskim materijalom. Izmerene ja~ine unutra{we doze bile su 
u opsegu od 55.92 ± 14.47 do 86.89 ± 16.68 nGyh–1, u zavisnosti od polo`aja unutar prostorije,
dobijenih termoluminiscencijom termoluminiscentnog dozsimetra nakon 5 meseci akumulacije.
Ni`e ja~ine doze dobijene su u blizini vrata i prozora, dok se ve}e ja~ine doze dobijaju u centru
prostorije i blizu pro{irenih zidova. Uporedive rezultate ja~ine doze na istim polo`ajima
unutar prostorije daje RESRAD-BUILD programski paket. Model prostorije je ograni~en na
centar sobe i daje tako|e uporedive rezultate. Tri metode pokazale su uporedive rezultate, {to je
potvrdilo preporuku da se koriste teoretski modeli, pri ~emu je RESRAD-BUILD softver bio
ta~niji.

Kqu~ne re~i: ja~ina doze, egipatski gra|evinski materijal, model sobe, RESRAD-BUILD
........................ pro gram, TLD dozimetar


