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In the pres ent study, out door gamma dose rates have been mea sured by us ing a NaI(Tl) scin -
til la tion de tec tor in 20 mea sure ment points in the Tavsanly dis trict cen ter of Kutahya prov -
ince in Turkiye. An nual ef fec tive dose equiv a lents and life time can cer risks have been cal cu -
lated from the ob tained re sults as (106.64 ±6.20) µSv and (3.73 ±0.2) ×10–4, re spec tively. The
re sults have been com pared with those of other stud ies for Turkiye and the world lit er a ture

Key words: out door gamma dose rate, an nual ef fec tive dose equiv a lent, life time can cer risk

INTRODUCTION

The sig nif i cance of know ing the ra di a tion ex po -
sure level has in creased since Becquerel’s 1896 dis -
cov ery of ra dio ac tiv ity and the sub se quent re al iza tion
of the harm ful im pact of ra di a tion on hu man health.
Ion iz ing ra di a tion, also re ferred to as nu clear ra di a -
tion, con sists of al pha and beta par ti cles, cos mic rays,
gamma and X-rays, and free neu trons. Ra di a tion can
be cat e go rized into nat u ral and ar ti fi cial types based
on their sources. The 88 % of the an nual ra di a tion dose
con sists of nat u ral sources and 12 % con sists of ar ti fi -
cial sources, al though it var ies de pend ing on the geo -
graph ical and phys i cal con di tions of the liv ing en vi -
ron ment [1].

Al pha, beta par ti cles, and gamma rays emit ted
from nat u ral and ar ti fi cial sources con sti tute ter res trial 
ra di a tion. Gamma rays, which have much greater pen -
et ra bility and range than al pha and beta par ti cles, arise
from dif fer ences in the en ergy lev els of the nu cleus
and emit elec tro mag netic ra di a tion. In daily life, hu -
mans are ex posed to gamma rays from ar ti fi cial and
nat u ral ra di a tion sources, both in doors and out doors
[2].

The ra di a tion ex po sure that af fects hu mans is
known as the gamma dose rate (GDR). It is given as the 
equiv a lent dose at a spe cific lo ca tion once per hour
and its unity is given as Rh–1 (1R = 258 µC/kg). The
GDR which em a nates from vs. nat u ral and ar ti fi cial
sources. There are two main sources of nat u ral gamma
ra di a tion: ter res trial and cos mic. The ra dio ac tive

nuclides that are found in air, soil, and wa ter are the
ter res trial source [3]. Ar ti fi cial ra dio ac tiv ity stems
from bio med i cal sources, nu clear det o na tions, con -
sumer goods, nu clear power fa cil i ties, and as so ci ated
fuel cy cles. Cos mic ra di a tion con trib utes to back -
ground ra di a tion through cos mic rays, with vari a tions
in el e va tion and al ti tude af fect ing its im pact. Through
in ter ac tions with the at mo sphere, cosmogenic
radionuclides like 3H, 7Be, 14C, 22Na, etc., are pro -
duced. Mainly found ter res trial radionuclides such as
40K, 87Rb, l38La, l47Sm, l76Lu, and de cay prod ucts from 
238U, 232Th, and 235U se ries [1]. Un der stand ing their
en vi ron men tal dis tri bu tion, es pe cially in soils and
rocks, is cru cial for ra di a tion pro tec tion and mea sure -
ment [4]. In ad di tion, small amounts of ra dio ac tiv ity
can be de tected in drink ing wa ter, al though the lev els
and types of ra dio ac tiv ity pres ent may vary de pend ing
on the spe cific soil and rock for ma tions the wa ter has
trav eled through. Nat u ral or ar ti fi cial radionuclides
such as 40P, 3H, 14C, 87Rb, and al pha emit ters like
226Ra, 210Po, U, Th, 220,222Rn can be pres ent in wa ter.
Nat u ral radionuclides in the soil con trib ute to
gamma-ab sorbed doses in the air, with their im pact on
air ra di a tion lev els vary ing with al ti tude from ground
level. It’s been ob served that gamma rays sig nif i cantly
con trib ute to the air dose rate [5].

The Nu clear Reg u la tory Au thor ity (NDK) mon i -
tors en vi ron men tal nat u ral GDR with the Ra di a tion
Mon i tor ing and Warn ing Sys tem Net work (RADISA)
es tab lished at cer tain points in Turkiye [6]. Many stud -
ies have been con ducted on this sub ject in the world and 
Turkiye. In 2017, a study on es ti mat ing the ter res trial
out door GDR was car ried out by the Eu ro pean Ra dio -
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log i cal Data Ex change Plat form (EURDEP) in Ger -
many, thus aim ing to cre ate a Eu ro pean nat u ral ra di a -
tion map [7]. The ef fects of out door gamma ra di a tion on 
pe di at ric can cer cases were in ves ti gated in Ger many
[8]. A study, in clud ing the im pact of out door gamma ra -
di a tion, cos mic rays, and ra don gas was con ducted for
France, and with this study, a risk map was cre ated for
France in gen eral [9]. Out door and in door GDR mea -
sure ments were taken at 259 points in Greece us ing
HP-Ge and NaI gamma de tec tors. By com par ing these
mea sure ments, a ra di a tion map of Greece was cre ated
[10]. Out door ter res trial GDR val ues were mea sured in
Spain and a gen eral in door and out door gamma ra di a -
tion map of Spain was pre pared [11]. The av er age out -
door GDR ra tio was de ter mined for the his toric ob jects
in Bosnia and Herzegovina [12]. Ac tiv ity con cen tra -
tions of radionuclides (40K, 238U, 226Ra, 232Th, 137Cs),
ab sorbed dose rate (ADR), and an nual ef fec tive dose
equiv a lent (AEDE) in ar a ble soil col lected in Bel grade
and Pancevo, Ser bia were re ported [13].

Mea sure ments of out door and in door GDR val -
ues were con ducted not only in Eu rope but also in var i -
ous coun tries world wide. Out door dose rate mea sure -
ments were taken in many cit ies in Iran, and the av er age
val ues were mea sured as 79.6 nSvh–1 in Birjand city
[14], 605 nSvh–1 in the cap i tal Teh ran [15], and 113
nSvh–1 in Lorestan prov ince [16]. It is note wor thy that
the val ues in Teh ran are quite high. Out door and in door
GDR val ues were mea sured in dif fer ent re gions of Ni -
ge ria and their ef fects on can cer were in ves ti gated
[17-19]. In the Kerala state of In dia, the av er age out -
door AEDE val ues were mea sured as 4.83 mSv, and its
ef fects on can cer risk were ex am ined [20].  The out door
av er age GDR was mea sured in and around the Reasi
dis trict of Jammu and Kash mir, In dia [21]. Av er age
GDR val ues in the Terengganu state of Ma lay sia [22]
(mea sure ments were taken with a NaI(Tl) de tec tor at
145 dif fer ent points) and in the north ern re gions of
Chittagong-Ban gla desh [23] (mea sure ments were
taken at 21 dif fer ent points), were mea sured. In door and 
out door GDR val ues were mea sured at 40 mea sure ment 
points in Muzaffarabad, the cap i tal of Azad Kash mir
Re gion of Pa ki stan [24]. Map ping for Ja pan was done
by mea sur ing the GDR val ues be fore the 9.0 mag ni tude
Great East Ja pan Earth quake that oc curred in Ja pan on
March 11, 2011 [25]. 

Out door and in door GDR val ues were mea sured
for many re gions and cit ies in Turkiye: In
Kahramanmaras, out door and in door GDR val ues
were mea sured and can cer risk was cal cu lated [26].
The AEDE and ex cess of life time can cer risk (ELCR)
val ues for Cappadocia were cal cu lated at 219.07 µSv
and 7.67×10–4, re spec tively [27]. Out door GDR val ues
were mea sured in Yalova [28], Kahramanmaras [29],
Adiyaman [30], and ADR and ELCR were cal cu lated.  
Sim i lar mea sure ments and cal cu la tions were done in
the Tatvan, Ahlat, and Adilcevaz dis tricts of Bitlis
[31], Kazdaglary [32], cap i tal city An kara [33], Digor

[34] and Selim [35] dis tricts of Kars. Ter res trial GDR
val ues were mea sured us ing a NaI(Tl) de tec tor at 35
points around lig nite coal de pos its in Ilgin dis trict of
Konya prov ince, and can cer risk was in ves ti gated
[36]. In Artvin, mea sure ments were taken at 204
points, and the out door AEDE val ues were de ter mined
as 214.5 µSv [37]. Out door GDR val ues were mea -
sured in Canakkale [38], 17 dis tricts of Bursa [39],
Trabzon and its dis tricts [40], Kirklareli [41],
Sanliurfa [42] and the av er age AEDE were cal cu lated
as 96.50 µSv, 110.40 µSv, 73.83 µSv, 144.00 µSv and
74.70 µSv, respectively. The ac tiv ity con cen tra tions of 
226Ra, 232Th, and 40K in the build ing ma te ri als com -
monly used in the West ern Black Sea re gion of
Türkiye were mea sured us ing a ger ma nium (HPGe)
de tec tor and in door ab sorbed GDR and cor re spond ing
an nual ef fec tive dose [43]. The ADR in out door air in
the sepio lite open quarry of Beylikova, Polatli, and
Sivrihisar were mea sured us ing a dose rate me ter with
the Gei ger-Mul ler tube [44].

The 238U, 232Th, and 40K ac tiv ity con cen tra tions in
soil sam ples from var i ous dis tricts were mea sured in cen -
tral [5, 45] and around Kutahya prov ince [5, 46] with
NaI(Tl) scin til la tion de tec tor. The av er age out door ADR in 
air from these radionuclides was re ported as 46 (range:
28-76) nGyh–1 and 64.2 (range: 5.3-265.3) nGyh–1. The
AEDE val ues were cal cu lated to be 57 (range: 35-94) µSv
and 78.7 (range: 6.4- 325.3) µSv [5, 45, 46]. Ra dio ac tiv ity
con cen tra tions of 226Ra, 232Th, and 40K for con struc tion
ma te ri als used in Kütahya prov ince were ex am ined [47].
The  GDR of these ma te ri als was cal cu lated as lower than
the lim i ta tion value. The mea sure ment of the ac tiv ity con -
cen tra tions of ter res trial radionuclides (226Ra, 232Th and
40K) in fly ash sam ples col lected from Tuncbilek lig nite
coal-fired ther mal power plant (lo cated in Tavsanli) was
per formed by us ing a high-pu rity ger ma nium de tec tor
[48]. The ADR, AEDE, and ELCR out door av er age val ues 
were cal cu lated as 306 nGyh–1 (range: 186-496 nGyh–1),
0.66 mSv (range: 0.40-1.07 mSv), and 2.6×10–3 (range:
1.6×10–3-4.3× 10–3), re spec tively.

As seen, GDR mea sure ments and re lated cal cu -
la tions in dif fer ent re gions of Turkiye and the world
are not iden ti cal be cause of the di verse ac tiv ity of the
radionuclides. The con sid er able dif fer ence be tween
the mea sure ment re sults in the Tuncbilek power plant
and those in the cen ter of Kutahya is note wor thy. In
par tic u lar, the mea sure ments in Tuncbilek are quite
high. The ob jec tive of this study is to eval u ate the out -
door GDR from nat u rally oc cur ring radionuclides. For 
this pur pose, in this study, out door GDR has been mea -
sured us ing the LUDLUM NaI(Tl) de tec tor for a pe -
riod of 12 months at 20 lo ca tions in the Tavsanli dis -
trict cen ter of Kutahya prov ince, which has rich lig nite 
coal de pos its, un der ground re sources, and lig nite
coal-fired ther mal power plant. With the help of these
mea sure ments, ADR, AEDE, and ELCR have been
cal cu lated. These re sults can be used to in ves ti gate the
haz ard as sess ment of ra dio ac tiv ity on the en vi ron ment 
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and hu man health by com par ing them with the pre vi -
ously ob tained re sults for Kutahya Prov ince.

MATERIALS AND METHODS

Properties of scintillation detector

Mea sure ments have been taken us ing a
LUDLUM (model 2241-3RK) por ta ble NaI(Tl) scin -
til la tion de tec tor lo cated in the Nu clear Phys ics Re -
search Lab o ra tory of the De part ment of Phys ics, Fac -
ulty of Arts and Sci ences, Kutahya Dumlupinar
Uni ver sity. The de vice, which can mea sure gamma
rays with en er gies be tween 60 keV and 1.25 MeV,
con tains a 2.5 cm di am e ter and 2.5 cm thick NaI crys -
tal con nected to a photomultiplier tube. The NaI crys -
tal is placed in a 0.16 cm thick alu mi num cas ing. The
de vice has an op er at ing volt age be tween 500 V and
1200 V, a 2.9 cm di am e ter mag net i cally pro tected
photomultiplier, and 100 MW dynodes re spon si ble for
elec tron mul ti pli ca tion. Ad di tion ally, the de tec tor has
an alu mi num body with a di am e ter of 5.1 cm and a
length of 18.5 cm. The de tec tor weighs 0.5 kg and has
a dead time of 8-12 µs [49].

Measurement points

Tavsanli is a dis trict of Kutahya prov ince in the
In ner Aegean re gion and is lo cated in the north west of
Kutahya, as seen in fig. 1. Its sur face area is 1899 km2.
It is ap prox i mately 45 km away from Kutahya city
cen ter. Tavsanli is lo cated at 39° 32’ 49.2036’’ north
and 29° 29’ 29.0400’’ east GPS co or di nates.

Tavsanli dis trict, sim i lar to the rest of Kutahya
prov ince, has var i ous and high re serves of un der ground
re sources. Tavsanli has no ta bly rich lig nite po ten tial. 

Tuncbilek and Seyitomer ther mal power plants
have made a great con tri bu tion to the in dus try and
econ omy of the dis trict. There are 198,666,000 tons of
lig nite re serves in Seyitomer and 317,732,000 tons in
Tuncbilek [50]. The ex ist ing un der ground re sources
and re serves of Tavsanli have been given in tab. 1.

Out door GDR val ues have been mea sured pe ri -
od i cally for 12 months in 20 neigh bor hoods in the
Tavsanli dis trict cen ter of Kutahya prov ince, which lo -
ca tions are given in fig. 2.

CALCULATIONS

The GDR mea sure ments in units of µRh–1 have
been taken ap prox i mately one me ter above the ground
(at go nad level in hu mans). At each mea sure ment
point, 10 dif fer ent mea sure ments have been taken at
each mea sure ment time to min i mize the er ror. The h
GDR as been de ter mined for that mea sure ment point

by tak ing the av er age of these 10 mea sure ments. The
tran si tion from GDR  to ADR has been done us ing eq.
(1). The 8.7 nGy/µR mul ti plier in eq. (1) is called the
con ver sion fac tor that con verts the µRh–1 GDR  to the
nGyh–1 ADR [42]

   ADR GDR( ) ( ) . ( )nGyh Rh nGy / R- -= ×1 1 87m m (1)
To un der stand the bi o log i cal ef fect of gamma

rays, the AEDE must be cal cu lated. The ra tio of the ef -
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Fig ure 1. Tavsanli district

Table 1. Underground resources and reserves
in Tavsanli [50]

Underground resources Reserve (×103 tons)

Cement raw materials 25000-30000

Fluorite 9

Silver 21 500

Manganese 9

Magnesite 88.1

Lignite 516 398

Bituminous shale 122 170

Fig ure 2. The mea sure ment points in Tavsanli



fec tive dose equiv a lent to the ab sorbed dose is de fined
as the dose con ver sion fac tor (DCF) of 0.7 Sv/Gy for
gamma rays [1]. This value is used for both in door and
out door cal cu la tions. An other fac tor that should be
known when cal cu lat ing the ef fec tive dose equiv a lent
for gamma rays is the amount of ra di a tion ex po sure to
these rays. Oc cu pancy fac tor (OF) ex presses how
much time a per son spends out doors or in doors daily.
Ac cord ing to the UNSCEAR 2000 re port, adults
spend an av er age of one-fifth, or 20 %, of a day out -
doors. In other words, OF = 0.2 is taken as the oc cu -
pancy fac tor for the out door [1]. The AEDE for
gamma rays has been cal cu lated us ing eq. (2)

AEDE ADR( ) ( )

( )

mSv nGh

DCF OF T h per year

= ×

× × × ×

-

-

1

38760 10
(2)

By ob serv ing the num ber of peo ple in a group
ex posed to ra di a tion, the doses they were ex posed to,
and the oc cur rence of can cer in this group, the in -
creased can cer risk per unit dose can be es ti mated by
com par ing the doses with the ex pected num ber of can -
cer cases in a group whose other char ac ter is tics are
sim i lar but not ex posed to ra di a tion. This is called risk
fac tor (RF) and its value is 510–2 Sv–1 [51]. The ELCR
is cal cu lated by mul ti ply ing the AEDE, life ex pec -
tancy (LE) (70 years), and risk fac tor (RF)

ELCR = AEDE × LE × RF (3)

RESULTS

The mea sure ment re sults for the out doors taken
with the LUDNUM 2241-3RK model for 12 months in 
the 20 neigh bor hoods in Tavsanli are given in tab. 2.
The mea sure ment point names, the mea sured GDR
val ues, and the cal cu lated ADR, AEDE, and ELCR
val ues have been given in the sec ond, third, fourth, and 
fifth col umns of tab. 2, re spec tively. The last row
shows the gen eral av er age of GDR, ADR, AEDE, and
ELCR re sults for the Tavsanli dis trict. As seen from
tab. 2, the low est AEDE and ELCR val ues are at the
sev en teenth mea sure ment point and the high est value
is at the fourth mea sure ment point. The av er age value
of AEDE and ELCR for Tavsanli have been cal cu lated
as 106.64 ±6.20 µSv and 0.37 ±0.02 ×10–3, re spec -
tively.

Ta ble 3 shows out door AEDE and ELCR re sults
for some cit ies in Turkiye. When the ta ble is ex am ined, 
it is seen that the re sults in Artvin [37], Tatvan [31],
and Nevsehir [27] are much higher than the re sults in
other cit ies. Al though the re sults in Tavsanli are lower
than Nevsehir [27], Adiyaman [30], Tatvan [31],
Kazdaglari [32], Konya-Ilgin [36], Artvin [37], Bursa
[39] and Kirklareli [41] re sults, it is higher than the re -
sults in Yalova [28], Kahramanmaras [29], An kara
[33], Digor [34], Selim [35], Canakkale-Ayvacik [38],
Trabzon [40] and Sanliurfa [42].
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Table 2. The average GDR, ADR, AEDE, and ELCR values of 20 measurement points in Tavsanli

No Measurement points GDR [µRh–1] ADR [nGyh–1] AEDE [µSv] ELCR (×10–3)

1 Yeni 12.83 ±0.63 111.65 ±5.44 136.93 ±6.68 0.48 ±0.02

2 Moymul 12.43 ±0.62 108.10 ±5.37 132.57 ±6.58 0.46 ±0.02

3 D. Hastanesi 8.33 ±0.39 72.43 ±3.43 88.83 ±4.21 0.31 ±0.01

4 Ulu Camii 13.92 ±0.57 121.08 ±4.96 148.49 ± 6.08 0.52 ±0.02

5 Karakova 10.02 ±0.73 87.15 ±6.39 106.87 ±7.83 0.37 ±0.03

6 Cardakli 9.98 ±0.93 86.86 ±8.05 106.52 ±9.87 0.37 ±0.03

7 Ada 9.47 ±0.40 82.36 ±3.50 101.01 ±4.29 0.35 ±0.02

8 Circircesme 8.08 ±0.34 70.33 ±2.99 86.25 ±3.67 0.30 ±0.01

9 Hanimcesme 9.57 ±0.59 83.23 ±5.14 102.07 ±6.30 0.36 ±0.02

10 Y. Beyazit 8.63 ±0.74 75.11 ±6.47 92.11 ±7.93 0.32 ±0.03

11 Subasi 8.20 ±0.37 71.34 ±3.23 87.49 ±3.96 0.31 ±0.01

12 Baglik 9.43 ±0.63 82.00 ±5.51 100.56 ±6.76 0.35 ±0.02

13 Cukurkoy 10.93 ±0.65 95.12 ±5.62 116.66 ±6.89 0.41 ±0.02

14 Durak 11.18 ±0.54 97.30 ±4.69 119.32 ±5.75 0.42 ±0.02

15 Istasyon 8.53 ±0.64 74.24 ±5.57 91.05 ±6.83 0.32 ±0.02

16 Dagcesme 10.15 ±0.57 88.31 ±4.92 108.3 ±6.04 0.38 ±0.02

17 Dedeler 7.72 ±0.34 67.14 ±2.92 82.33 ±3.58 0.29 ±0.01

18 Beykoy 10.25 ±0.49 89.18 ±4.23 109.36 ±5.19 0.38 ±0.02

19 Omerbey 9.07 ±0.57 78.88 ±4.99 96.74 ±6.12 0.34 ±0.02

20 Kavakli 11.19 ±0.51 97.37 ±4.48 119.41 ±5.49 0.42 ±0.02

Average 10.00 ±0.58 86.96 ±5.05 106.64 ±6.20 0.37 ±0.02



CONCLUSIONS

In this study, the mea sure ment of out door GDR
val ues and the cal cu la tion of AEDE and ELCR in the
cen tral area of Tavsanli, lo cated to the north of
Kütahya in the in ner Aegean re gion of Turkiye have
been showed.

It has been ob served that AEDE re sults for
Tavþanlý var ied be tween 82.33 µSv and 148.49 µSv
and the low est re sult is in the Dedeler neigh bor hood,
and the high est one is in the Ulu Camii neigh bor hood.
The av er age val ues of AEDE and ELCR have been cal -
cu lated as 106.64 µSv and 3.73×10-4, re spec tively.
These re sults are ap prox i mately 1.5 times higher than
UNSCEAR’s world av er age of 73.6 µSv for AEDE
and 2.58×10-4 for ELCR. Com pared to the re sults in
Konya-Ilgin [36], where lig nite de pos its are abun dant, 
the re sults in the pres ent study are lower. AEDE re sults
de ter mined in Tavsanli are ap prox i mately two times
larger than the re sults for the Kutahya cen ter [5, 45],
and 1.5 times larger than the re sults for Kutahya prov -
ince [5, 46]. The AEDE re sults ob tained for Tavsanli
are ap prox i mately one-sixth of the re sults for
Tuncbilek [48], and the ELCR re sults are ap prox i -
mately one-sev enth of the re sults for Tuncbilek. Lig -
nite coal is the most im por tant en ergy source in
Turkiye and Tavsanli is very rich in lig nite coal and has 
two ther mal power plants. The re sults ob tained for
Tuncbilek, be ing sig nif i cantly above the world av er -
age war rant close mon i tor ing. Tuncilek is very close to 
Tavsanli, and the ra dio ac tive ef fects here also af fect
the GDR in the city cen ter of Tavsanli. To better as sess

the at mo spheric ra di a tion haz ard for Tavsanli, at mo -
spheric ra don con cen tra tion should be de ter mined
along with GDR in the city cen ter.
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Kevser DENIZ, Abdulah Engin ^ALIK

PROCENA  OPASNOSTI  OD  SPOQA[WEG  GAMA  ZRA^EWA
U  OKRUGU TAV[ANLI,  PROVINCIJE  KUTAHJA  U  TURSKOJ

U ovom radu prikazane su ja~ine gama doza na otvorenom, merene kori{}ewem NaI(Tl)
scintilacionog detektora u 20 mernih ta~aka, u okru`nom centru Tav{anli, provincije Kutahja u
Turskoj. Godi{wi ekvivalenti efektivne doze i `ivotni rizici od raka izra~unati su iz
dobijenih rezultata kao (106.64 ±6.20) µSv i (3.73 ±0.2) ×10‡4, respektivno. Rezultati su upore|eni sa
rezultatima drugih studija za Tursku i svet.

Kqu~ne re~i: ja~ina gama doze na otvorenom, godi{wi ekvivalent efektivne doze, `ivotni
..........................rizik od raka


