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This study pres ents the re sults of a sur vey of ra don con cen tra tions in schools (kin der gar tens,
pri mary schools, sec ond ary schools, high schools, col leges, and one fac ulty) lo cated in the
prov ince of Nevsehir which is the cen ter of the Cappadocia re gion. Ra don mea sure ments cov -
ered two con sec u tive 6-month pe ri ods in the ground floor class rooms in side the school build -
ings and they were per formed us ing a con tin u ous ac tive ra don de tec tor (AlphaGUARD
PQ2000  PRO).  Data  dis tri bu tion  is  well  fit ted  by  a  log-nor mal  curve.   The  arith me tic
av er age  value  of the  ra don  con cen tra tions  mea sured  in  sum mer  and win ter was found as
75 ± 12 Bqm–3 and 67 ± 10 Bqm–3, re spec tively. From the mea sured re sults, the ef fec tive doses
from  ra don ex po sures  in  sum mer  and  win ter  were  es ti mated as 0.27 and 0.40 mSv and
0.24 and 0.36 mSv for stu dents and teach ers, re spec tively. The re sults showed that ra don con -
cen tra tion mea sured in schools does not pose sig nif i cant health haz ards for stu dents and
teach ers.
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IN TRO DUC TION

Ra don (222Rn) is nat u rally oc cur ring ra dio ac tive
no ble gas that em a nates from rocks and soils and tends
to con cen trate in en closed spaces like houses [1]. Soil
gas un der the house in fil tra tion is rec og nized as the
most im por tant source of res i den tial ra don. Ra don and
its de cay prod ucts (218Po, 214Pb, 214Bi, and 214Po) are
the most im por tant sources of nat u ral ion iz ing ra di a -
tion for the hu man ex po sure [2]. Ep i de mi o log i cal
stud ies have pro vided con vinc ing ev i dence of an as so -
ci a tion be tween the in door ra don ex po sure and the
lung can cer, even at the rel a tively low ra don lev els
com monly found in res i den tial build ings [1]. A na -
tional ref er ence level for ra don rep re sents the max i -
mum ac cepted ra don con cen tra tion in a res i den tial
dwell ing. The World Health Or ga ni za tion (WHO) rec -
om mends a ref er ence level of 100 Bqm–3 to min i mize
the health haz ards caused by an in door ra don ex po sure 
[1]. In Tur key, the ref er ence level for in door ra don ex -
po sure in fu ture con struc tions was set as 200 Bqm–3

un der the pre vail ing coun try-spe cific con di tions [3],
while rec om mended value for remediation of in door
ra don ex po sure in ex ist ing build ing is 400 Bqm–3 [4]. 

The mon i tor ing of in door ra don lev els in school
build ings as well as houses and of fices is very im por tant
for an ad e quate ra dio log i cal risk as sess ment for stu dents
and staff. In the past de cade, sev eral sys tem atic ra don
sur veys  were car ried out in school build ings all over the
world [5-16] but few data are avail able re gard ing the
pres ence of ra don in schools in Tur key [17-19]. In gen -
eral, the ra don sur vey in schools was per formed us ing the 
pas sive track etch ing with solid state nu clear de tec tors
type CR-39 and LR-115. How ever, the in door ra don sur -
vey in schools lo cated in Nevsehir prov ince is not avail -
able in the lit er a ture. To our knowl edge, this is the first
study on in door ra don lev els in schools. The aim of the
pres ent study is the de ter mi na tion of ra don con cen tra -
tions in a sam ple of schools (23 schools and one fac ulty)
lo cated mainly in the prov ince of Nevsehir us ing the ac -
tive method with AlphaGUARD PQ 2000PRO ra don
mon i tor.

MA TE RIAL AND METHOD

Schools sur veyed for ra don

Nevsehir prov ince is lo cated in the cen ter of the
Cappadocia re gion of Tur key. Ac cord ing to the 2013
cen sus, the pop u la tion of Nevsehir prov ince is
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285.460 of which 126.307 live in the city of Nevsehir.
There are 62 schools (5 kin der gar tens, 15 pri mary and
sec ond ary schools, 13 pri mary schools, 12 sec ond ary
schools, 3 col leges, and 14 high schools) one uni ver -
sity (7 fac ul ties) in Nevsehir prov ince.  The num ber of
stu dents in these schools is 28.805. In the pres ent
study, in door ra don mea sure ments were com pleted in
the ground floor class rooms of 23 schools (three kin -
der gar tens, seven pri mary schools, three sec ond ary
schools, seven high schools, and three col leges) and
one fac ulty lo cated in Nevsehir prov ince (fig. 1). The
num ber of the schools sur veyed for ra don is 46 % of
the to tal num ber of stu dents.

Mea sure ment equip ment

Short-term mea sure ments of the in door ra don con -
cen tra tions in the ground floor class rooms in the schools
were per formed us ing a pro fes sional ra don mon i tor
AlphaGUARD PQ2000 PRO. AlphaGUARD is a por ta -
ble mea sur ing sys tem for the con tin u ous de ter mi na tion
of the ra don- and ra don prog eny con cen tra tion in air, wa -
ter and soil as well as the rel e vant cli ma tic pa ram e ters. It
in cor po rates a pulse-count ing ion iza tion cham ber with a
high de tec tion ef fi ciency, a wide mea sur ing range, a fast
re sponse to con cen tra tion gra di ents and a per ma nent,
main te nance-free op er a tion. The cy lin dri cal ion iza tion
cham ber of the AlphaGUARD has the ac tive vol ume of
0.56 dm3. AlphaGUARD has a mea sure ment range of
2-2 000 000 Bqm–3 222Rn. The in door air sam ples were
taken in closed class rooms of the schools. To tal mea sur -
ing time for ra don con cen tra tions in the schools lasted
about 2 years. Mea sure ment con di tions of the schools
sur veyed for ra don are  given in tab. 1. 

RE SULTS AND DIS CUS SION

Ra don con cen tra tions

The in door con cen tra tions of 222Rn mea sured in
the ground floor class rooms of 24 schools are pre -

sented in tab. 2. The sta tis ti cal data ob tained from the
in door ra don sur vey in the schools and a sum mary of
the re sults are given in tab. 3. From tabs. 2 and 3, the
av er age val ues of the con cen tra tions of 222Rn mea -
sured  in  sum mer  and  win ter  var ied from 20 ± 2 to
217 ± 12 Bqm–3  with  an  arith me tic  and  geo met ric
av er age  value of  75  and  58  Bqm–3 and 17 ± 2 to 219 ±
±.13 Bqm–3 with  an  arith me tic  and  geo met ric  av er -
age value of 67 and 54 Bqm–3, re spec tively. Fig ure 2
shows that in 50 % of mea sured schools, ra don con -
cen tra tions in sum mer are higher than those mea sured
in win ter.

The com par i son of the av er age val ues of con cen -
tra tion of 222Rn mea sured in the schools with Turk ish
ac tion lev els of 200 and 400 Bqm–3 for fu ture and ex ist -
ing build ings, re spec tively, and with the ref er ence level
of 100 Bqm–3 rec om mended by WHO is given in tab. 3.
The 79 % of schools (for sum mer) and 83 % of schools
(for win ter) had ra don lev els be low 100 Bqm–3, while in 
8 % of schools (for sum mer) and 4 % of school's ra don
val ues are higher than 200 Bqm–3. From tab. 3, the pos i -
tive value of the skew ness co ef fi cient shows an asym -
met ric dis tri bu tion of ra don av er age con cen tra tions
with the right tail lon ger than the left. In ad di tion to the
pos i tive kurtosis co ef fi cient im plies that the dis tri bu tion 
is higher and nar row than the nor mal [20]. The fre -
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Fig ure 1. Map of Nevsehir
prov ince with lo ca tions of
schools sur veyed for ra don

Fig ure 2. Com par i son of ra don mea sured in
sum mer and win ter
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Ta ble 1. Mea sur ing con di tions de ter mined in the school sur veyed for ra don

School code
Win ter Sum mer

Tem per a ture [°C] Hu mid ity [%] Pres sure [mbar] Tem per a ture [°C] Hu mid ity [%] Pres sure [mbar]

HSCH1 15 43 878 23 40 882

HSCH2 21 32 882 25 38 884

COLL1 18 41 865 25 47 874

COLL2 18 38 859 24 50 864

PSCH1 23 29 887 26 40 886

KIND1 15 47 887 27 36 883

HSCH3 19 32 886 25 42 877

PSCH2 22 28 880 24 50 864

SSCH1 15 30 887 27 36 879

KIND2 21 24 877 27 39 879

PSCH3 24 21 875 26 32 877

COLL3 16 29 887 24 32 882

HSCH4 18 29 882 26 31 874

PSCH4 16 31 879 27 31 878

PSCH5 24 46 881 25 31 880

SSCH2 18 24 884 27 27 877

HSCH5 25 23 873 23 33 869

KIND3 20 28 877 23 64 869

HSCH6 23 25 885 23 41 880

HSCH7 17 20 884 27 31 881

SSCH3 19 24 888 25 41 880

PSCH6 20 30 878 24 36 879

PSCH7 23 28 877 27 37 875

FAC ULTY 24 26 887 25 35 885

Ta ble 2. Ra don con cen tra tions mea sured in sum mer (July-Au gust) and win ter (Jan u ary-March) in
24 schools and 1 build ing in Nevsehir prov ince

School
code School name

Ra don con cen tra tion [Bqm–3]

Sum mer Win ter

Min Max Av er age Min Max Av er age

HSCH1 2000 houses Ana to lian high school 15 ± 1 207 ± 10 90 ± 110 33 ± 2 231 ± 7 125 ± 7

HSCH2 TOKI vo ca tional school for girls 13 ± 1 89 ± 6 31 ± 3 17 ± 1 73 ± 3 37 ± 3

COLL1 Altinyildiz college 46 ± 2 191 ± 7 121 ± 7 45 ± 2 404 ± 14 192 ± 14

COLL2 Kardelen col lege 2 ± 1 123 ± 6 37 ± 3 101 ± 4 374 ± 12 219 ± 13

PSCH1 19 Mayis pri mary school 6 ± 1 141 ± 6 35 ± 6 8 ± 1 77 ± 4 31 ± 3

KIND1 50. yil kin der gar ten 19 ± 1 91 ± 4 44 ± 4 29 ± 1 163 ± 8 64 ± 8

HSCH3 Nevsehir high school 33 ± 2 268 ± 11 144 ± 11 9 ± 1 106 ± 4 55 ± 4

PSCH2 Turgut akdeveli pri mary school 2 ± 1 123 ± 6 37 ± 6 14 ± 1 65 ± 2 38 ± 3

SSCH1 Damat Ibrahim sec ond ary school 2 ± 1 124 ± 6 20 ± 2 2 ± 1 54 ± 2 27 ± 2

KIND2 Vilayetler kin der gar ten 30 ± 2 340 ± 14 153 ± 14 26 ± 1 117 ± 3 65 ± 3

PSCH3 Yeni cesme pri mary school 31 ± 2 147 ± 5 67 ± 5 10 ± 1 105 ± 4 33 ± 3

COLL3 Lara col lege 20 ± 1 131 ± 6 66 ± 6 27 ± 1 126 ± 5 63 ± 5

HSCH4 Ana to lian tecaher high school 20 ± 1 131 ± 6 66 ± 6 4 ± 1 64 ± 2 30 ± 2

PSCH4 100. yil pimary school 6 ± 1 61 ± 4 27 ± 4 32 ± 2 173 ± 4 82 ± 4

PSCH5 Ornekevler pimary school 4 ± 1 52 ± 3 22 ± 3 16 ± 1 107 ± 3 43 ± 3

SSCH2 Pamukcu sec ond ary school 11 ± 1 113 ± 7 53 ± 7 8 ± 1 75 ± 2 29 ± 2

HSCH5 Sci ence high school 3 ± 1 80 ± 5 20 ± 5 25 ± 1 164 ± 5 82 ± 5

KIND3 TOKI rain bow kin der gar ten 31 ± 1 316 ± 12 208 ± 12 20 ± 1 148 ± 4 60 ± 4

HSCH6 Ana to lian high school 35 ± 2 191 ± 8 93 ± 8 2 ± 1 66 ± 3 18 ± 3

HSCH7 Ho tel man age ment and tour ism vo ca tional high school 22 ± 1 113 ± 5 52 ± 5 11 ± 1 143 ± 3 45 ± 3

SSCH3 Mihriban sec ond ary school 67 ± 3 330 ± 13 217 ± 12 2 ± 1 43 ± 2 17 ± 2

PSCH6 Ataturk pri mary school 6 ± 1 162 ± 5 25 ± 3 45 ± 2 217 ± 6 115 ± 6

PSCH7 Ersular pri mary school 27 ± 1 180 ± 4 84 ± 4 43 ± 2 149 ± 8 84 ± 8

FAC ULTY Fac ulty of sci ence and let ters 12 ± 1 221 ± 8 79 ± 8 15 ± 1 102 ± 7 53 ± 5



quency dis tri bu tion of ra don av er age con cen tra tions in
sum mer and win ter can be well de scribed by lognormal
dis tri bu tions as shown in fig. 3.

Dose es ti ma tion

The av er age ef fec tive doses (AED in mSv) re -
ceived by the stu dents and teach ers due to the in door
ra don mea sured in the schools were es ti mated us ing
the fol low ing for mula [2]

AED Rn CF= × -C F D T 10 6 (1)

where CRn [Bqm–3] is the av er age in door ra don con -
cen tra tion, F – the equi lib rium fac tor be tween ra don
and its prog eny (0.4), DCF [9 nSvh–1/ Bqm–3] – the dose 
con ver sion fac tor,  and T – the time spent an nu ally in -
side the schools (1000 h for stu dents and 1500 h for
teach ers). The re sults of the AED es ti mated for stu -
dents and teach ers are given in tab.  4. The av er age val -
ues of the AED for stu dents and teach ers in sum mer
and win ter var ied from 0.07 to 0.78 mSv and 0.11 to
1.17 mSv and 0.06 to 0.79 mSv and 0.09 and 1.18 mSv, 
re spec tively. All av er age val ues of AED are lower than 
the limit of the range of the rec om mended ac tion level
(3-10 mSv) [21]. 
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Fig ure 3. Fre quency dis tri bu tions of in door ra don
con cen tra tions mea sured at ground floor in schools

Ta ble 3. Sta tis ti cal data for in door ra don con cen tra tions
in 24 schools

Parameter 
In door ra don [Bqm–3]

Sum mer Win ter

Min 20 17

Max 217 219

Arith me tic av er age 75 67

Stan dard er ror 12 10

Stan dard de vi a tion 57 51

Me dian 60 54

Geo met ric av er age 58 54

Skew ness 1 2

Kurtosis 1 3

<100 Bqm–3
79 % 83 %

100-200 Bqm–3
13 % 13 %

>200 Bqm–3
8 % 4 %

No. schools sur veyed 24

No. kin der gar ten 3

No. pri mary schools 7

No. sec ond ary schools 3

No. high schools 7

No. col leges 3

No. fac ulty 1

Ta ble 4. An nual ef fec tive doses from in ha la tion of
ra don in the school sur veyed

School code

An nual ef fec tive dose [mSv]

Sum mer Win ter

Stu dent Teacher Stu dent Teacher

HSCH1 0.32 0.49 0.45 0.68

HSCH2 0.11 0.17 0.13 0.20

COLL1 0.44 0.65 0.69 1.04

COLL2 0.13 0.20 0.79 1.18

PSCH1 0.13 0.19 0.11 0.17

KIND1 0.16 0.24 0.23 0.35

HSCH3 0.52 0.78 0.20 0.30

PSCH2 0.13 0.20 0.14 0.21

SSCH1 0.07 0.11 0.10 0.15

KIND2 0.55 0.83 0.23 0.35

PSCH3 0.24 0.36 0.12 0.18

COLL3 0.24 0.36 0.23 0.34

HSCH4 0.24 0.36 0.11 0.16

PSCH4 0.10 0.15 0.30 0.44

PSCH5 0.08 0.12 0.15 0.23

SSCH2 0.19 0.29 0.10 0.16

HSCH5 0.07 0.11 0.30 0.44

KIND3 0.75 1.12 0.22 0.32

HSCH6 0.33 0.50 0.06 0.10

HSCH7 0.19 0.28 0.16 0.24

SSCH3 0.78 1.17 0.06 0.09

PSCH6 0.09 0.14 0.41 0.62

PSCH7 0.30 0.45 0.30 0.45

FAC ULTY 0.28 0.43 0.19 0.29



CON CLU SIONS

The short-term in door ra don mea sure ments in
the ground floor class rooms of 24 schools lo cated in
Nevsehir  prov ince  have  shown  that the av er age ra -
don con cen tra tions  are  be low the Turk ish ac tion level
(400 Bqm–3) for ex ist ing build ings. Most (80 %) of the 
av er age ra don con cen tra tions are lower than the ref er -
ence level (100 Bqm–3) rec om mended by WHO. The
dis tri bu tions of ra don con cen tra tions ob tained in sum -
mer and win ter were well de scribed by lognormal dis -
tri bu tions. The av er age an nual ef fec tive doses from ra -
don ex po sure dur ing the ed u ca tion pro cess for
stu dents and teach ers are lower than the rec om mended 
ac tion level. Con se quently, the re sults of ra don sur vey
show that the schools may be safe from ra don health
threats.
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ZDRAVSTVENI  RIZIK  USLED  IZLAGAWA  RADONU  U
[KOLAMA  OBLASTI  KAPADOKIJE

Prikazani su rezultati ispitivawa koncentracije radona u obdani{tima, {kolama
(osnovnim, sredwim i vi{im) i jednom fakultetu, koji se nalazi u provinciji Nev{ehir u centru
oblati Kapadokije. Merewa radona obavqena su u u~ionicama u prizemqima {kolskih zgrada
upotrebom kontinualnih aktivnih detektora radona (AlphaGURD PQ2000 PRO), u dva uzastopna
{estomese~na perioda. Raspodela podataka dobro je opisana log-normalnom krivom. Aritmeti~ka
sredwa vrednost koncentracija radona tokom leta i zime iznosila je 75 ± 12 Bqm–3 i 67 ± 10 Bqm–3,
respektivno. Na osnovu izmerenih rezultata procewene su efektivne doze usled izlagawa radonu
tokom leta i zime na 0.27 mSv i 0.40 mSv za u~enike, i 0.24 mSv i 0.36 mSv za nastavnike. Rezultati
pokazuju da izmerene koncentracije radona ne predstavqaju zna~ajan rizik po zdravqe u~enika i
nastavnika.

Kqu~ne re~i: ra don u zatvorenoj sredini, aktivna tehnika, AlphaGUARD, godi{wa efektivna
..........................doza, {kola


