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Ra don is a ra dio ac tive no ble gas, rec og nized as a car ci no genic agent, be ing af fected by de gree
of ven ti la tion. The aim of this pre lim i nary study was to de ter mine the con cen tra tion of in door 
ra don gas in schools, to es ti mate the main fac tors af fect ing their ra don con cen tra tion lev els
and to an a lyze the ef fec tive dose re ceived by stu dents in Duhok schools. There fore, the con -
cen tra tions of ra don were mea sured in 28 class rooms, from 13 schools lo cated in Duhok city,
us ing both RAD7 and Corentium mon i tor, from Jan u ary 15-30, 2021. In all schools in door
ra don was mea sured in four dif fer ent sce nar ios of closed, nat u ral and me chan i cal ven ti la tion
then, ra don re duc tion rate be tween each case was cal cu lated. In ad di tion to that, ex po sure to
an nual ef fec tive dose of ra don, for each dif fer ent de gree of ven ti la tion, was eval u ated. Fur -
ther more, ef fects of build ing floors were stud ied. Re sults showed that max i mum ra don con -
cen tra tion, 121 Bqm–3, was re corded in closed ven ti la tion, while min i mum, 15 Bqm–3, was
re corded in me chan i cal ven ti la tion. Ra don re duc tion rate in a me chan i cal ven ti la tion is rel a -
tively large 81%. Also, re sults dem on strate that in door ra don lev els at first floor, in all schools 
un der study, were con sid er ably greater than those at sec ond and third floor (p < 0.05). The
an nual ef fec tive dose of all stud ied schools at 4 dif fer ent cases of ven ti la tion were found less
than the world wide av er age ra di a tion dose of 3-10 mSv. So, it is not re quired to take any ac -
tion to min i mize the level of ra don in schools un der study.
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IN TRO DUC TION

Ra don is a col or less, odor less, and taste less,
chem i cally in ert ra dio ac tive gas be long ing to the ra -
dio ac tive chain of 238U. It is pro duced from the soil
and other ma te ri als con tain ing 226Ra [1, 2], moves free
in na ture, has great mo bil ity within the earth's crust,
and mi grates from the orig i nal place, which is the soil,
into the at mo sphere through pores and cracks in the
litho sphere. Fur ther more, ra don also may be gen er -
ated, from the con struc tion ma te ri als used for build -
ings, dwell ings, schools, etc. [3].

Sev eral fac tors af fect the level of in door ra don
con cen tra tion. The most sig nif i cant one is the ge ol ogy of
the study area such as the amount of 238U, per me abil ity
and po ros ity of the un der ly ing soil and bedrocks [4]. Fur -
ther more, it de pends on the ven ti la tion meth ods, air tight -
ness of the build ing, and hab its of the oc cu pants, sea -
sonal vari a tion and me te o ro log i cal pa ram e ters such as
tem per a ture, hu mid ity, pres sure and wind speed [5].

Many stud ies world wide have been con ducted on
this topic in or der to de ter mine the level of ra don con -

cen tra tions in dwell ings, schools, and workplaces.
Most of them found a sta tis ti cally sig nif i cant re la tion
be tween ra don ex po sure and lung can cer risk [5]. It is
ar gued that af ter to bacco ra don is the sec ond lead ing
cause of lung can cer be cause most cases of ra don-pro -
duced lung can cer take place among smok ers, due to the 
strong synergic prob lem of to bacco and ra don [6]. Fur -
ther more, ra don gas is re spon si ble for the death of many 
peo ple. For ex am ple, in Spain, ra don is re spon si ble for
about 1500 deaths an nu ally, and in Eu rope, ra don is re -
spon si ble for 9 % of deaths from lung can cer [4].

The aim of the pres ent study was to mea sure the
con cen tra tion of ra don in 13 schools in Duhok city,
Kurdistan re gion, Iraq. The ef fect of dif fer ent de grees
of ven ti la tion in stu dent class rooms was stud ied and
the as so ci a tion be tween the floor of the mon i tored
class room and ra don con cen tra tion in the rooms be -
long ing to var i ous build ings, was in ves ti gated. Fur -
ther more, the con cen tra tions of ra don were com pared
to the World Health Or ga ni za tion (WHO) and In ter na -
tional Com mis sion on Ra di a tion Pro tec tion (ICRP)
ref er ence lev els to clear whether Duhok schools re -
quired tak ing any ac tion to min i mize the level of ra don 
in schools un der study.
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METH ODS

Sur vey de sign

In door ra don was mea sured for 13 schools from
Jan u ary 15-30, 2021, in stu dent class rooms lo cated in
Duhok city, Kurdistan re gion, north of Iraq. The
schools were cho sen tak ing into ac count the dis tri bu -
tion of the schools in the study re gion and school pop u -
la tion. In each school, one to three class rooms were
an a lyzed de pend ing on the school floors. Each class -
room had a door and glass win dow which could be
opened for ven ti la tion on both sides. Data was mea -
sured in the class room, where ra don could be an a lyzed 
ac cord ing to the cho sen ven ti la tion sce nar ios.

Ra don mea sure ment de vice

Both a con tin u ous mea sure ment de vice RAD7,
and Corentium mon i tor were used in all the schools in the 
same man ner to re duce the de vi a tion be tween the mea -
sure ment de vices. In each class room, de tec tors were in -
stalled 1 m above the ground and 1.5 m far from the class -
room door and win dows. The av er age ra don
con cen tra tion (Bqm–3) was mea sured. The RAD7 is a
true, di rect, highly ver sa tile in stru ment that can form the
ba sis of a com pre hen sive ra don mea sure ment sys tem. It
is made in U.S by DURRIDGE Com pany. In this study
RAD7 was con nected to dried plas tic cy lin dri cal tube
filled with cal cium sul fate (CaSO4). The dried tube has
two holes: one at the top for in let of the air for mea sur ing
the con cen tra tion of ra don that is pres ent in the study en -
vi ron ment and other at the bot tom for out let of dried air.
When ra don is de pos ited on the sur face of the de tec tor, it
ra di ates al pha par ti cles of spe cial en ergy im me di ately
into the solid state de tec tor. Elec tri cal sig nal is cre ated by
the de tec tor, and then by elec tronic cir cuit this sig nal is
con verted to dig i tal form [5]. Corentium mon i tor, used in
this study, is an elec tronic ra don de tec tor, made by a Nor -
way based Tech nol ogy Com pany in Nor way, Model
type; BQM -Dig i tal. To mea sure the con cen tra tion of ra -

don gas, de vice takes in door air sam ple through a pas sive 
dif fu sion cham ber, by uti liz ing al pha spec trom e try. Both
de tec tors were used in the study be cause in some study
schools elec tric ity is cut dur ing the night. The RAD 7
was op er ated by plug ging in the elec tric ity unit while the
Corentium de pended on the bat ter ies for us age, with
care ful use the bat ter ies can last about two years or more.

In door ra don mea sure ment

In both nat u ral and me chan i cal ven ti la tion, the
dif fer ences in the con cen tra tion of ra don ac cord ing to
the ven ti la tion types, were mea sured in 28 class rooms
of 13 schools.  Nat u ral ven ti la tion was achieved by
open ing and clos ing of class room win dows and door
lead ing out side. While the me chan i cal ven ti la tion
mea sure ment was adopted by op er at ing the fan, in -
stalled in the class room.

Be fore start ing the mea sure ment, a sur vey was
achieved in each school to col lect in for ma tion on out -
door en vi ron ment such as num ber of oc cu pants, the
size and num ber of class rooms, num ber of floors,
school time, ma te ri als, and their con di tions con cern -
ing floor, walls, to main tain and op er ate the build ing
and its ac tiv i ties.  Based on this sur vey in each school,
four cases were cho sen with each case rep re sent ing a
dif fer ent sce nario. In Case 1, in door ra don was mea -
sured in closed ven ti la tion from 3 p.m. to 6 a.m. with
no body in the class room. School time in all the cho sen
sam ples start from 8 a.m. to 2 p.m. For that rea son,
Case 2 was cho sen from 8 a.m. to 8.30 a.m., when stu -
dents were in the class room, with closed doors and
win dows. In Case 3, the door and win dow of the class -
room were opened for nor mal ven ti la tion, in door ra -
don was mea sured from 8.45 a.m. to 9.15 a.m. While
in Case 4, there were no stu dents in the class room and
forced ven ti la tion was cho sen by us ing me chan i cal
ven ti la tion fan op er a tion. In door ra don mea sured from 
9.30 a.m. to 10 a.m.. Ta bles 1 and 2 give in for ma tion
about geo graph ical lo ca tions and each case of stud ied
schools, re spec tively.
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Table 1. Geo graph ical, geo log i cal, floor num bers and num ber of class rooms stud ied in each of the se lected schools

School no. Schools name Floor no. No. of class room Lat i tude and lon gi tude lo ca tion of the sites

1 Mazi 2 3 2 36.7898968,   44.0512718

2 Shalin 1 1 36.88399015, 42.95578963323851

3 Bizhara 2 2 36.8616341,   42.9983706

4 Parlaman 2 3 36.859732,     42.9503786

5 Masiek 2 3 36.8767605,   42.93881464388121

6 Jigar Xwen 1 2 36.8332374,   42.911585

7 Siver 1 2 36.85035255, 43.04534262687393

8 Diryan 1 2 36.845965,     43.0484939

9 Diryan 2 3 36.8513107,   43.05023

10 Tanihe 1 2 36.8610695,   42.896662807731

11 Baroshke 1 1 36.85035255, 43.04534262687393

12 Blind 1 3 36.85035255, 43.04534262687393

13 Hindreen 1 2 36.8332374,   42.911585



Ra don re duc tion rate

Ra don re duc tion rates Pr were cal cu lated be -
tween all cases ac cord ing to equa tions be low
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where Pr1, Pr2, and Pr3 de note ra don re duc tion rate be -
tween Cases (1 and 2), (2 and 3), and (3 and 4), re spec -
tively.

Dose as sess ment

To an a lyze the an nual ef fec tive dose for stu dents
and teach ers, ra don con cen tra tion was con verted to
dose, us ing the fol low ing equa tion [7, 8]

D F C T D UE = × × × × (4)

where DE is an nual ef fec tive dose (mSv), F – the equi lib -
rium fac tor (0.4) be tween ra don and its prog eny [9], C
[Bqm–3] – the ra don con cen tra tion, T [h] – the time spent
an nu ally in side the build ing, in this study T is as sumed to
be the 1200 h with out week ends and hol i days (school
time). The D [1430 mSv/(Jhm–3)] is the dose con ver sion
fac tor  and U (5.56×10–9 Jm–3/Bqm–3) – the unit fac tor.

Sta tis ti cal anal y sis

For each school, data were as sumed as the av er -
age of ra don con cen tra tion in each mon i tored class -
room at all the floors. In this way, for each ob served
class room, a sin gle in door ra don value was ac quired.
Fur ther more, the data anal y sis is based on the dif fer ent 
pa ram e ters that may af fect the level of in door ra don,

mainly: school build ing age, de gree of ven ti la tion and
floor level.

The sta tis ti cal t-test was used to ex am ine if the
mean ra don con cen tra tions of these study pa ram e ters
were sig nif i cantly dif fer ent from each other. The
P-value <0.05 was al ways con sid ered sta tis ti cally sig -
nif i cant. Ex cel soft ware pro gram was used for data en -
try and anal y sis.

RE SULTS AND DISCUSION

The con cen tra tions of ra don level in the schools
ranged from 15-121 Bqm–3, with geo met ric mean of
68 Bqm–3 and  geo met ric stan dard de vi a tion of 4. Fig -
ure 1 shows the av er age of ra don de tec tions in all of
the 13 se lected schools, show ing the vari a tion of ra don 
con cen tra tion in each school. Fur ther more, nor mal
and forced ven ti la tion  was per formed in each school,
ac cord ing to sce nar ios from Cases 1-4, and the re sults
ob tained from the com par i son of in door ra don con cen -
tra tions were pre sented with the rec om mended stan -
dards of 100 Bqm–3 by WHO [10] and 200-300 Bqm–3

by ICRP [11]. Av er age level of mea sured ra don con -
cen tra tions, in all schools, for Cases 2-4 (school time),
were be low the global limit rec om mended by WHO
and ICRP. In Case 1, ra don lev els de tected in four
schools were higher than the rec om men da tion of
WHO, set as 100 Bqm–3. The 100% of the mon i tored
class rooms had a ra don con cen tra tion be low the ref er -
ence level im posed by ICRP [11]. These out comes
could have been at trib uted to the fact that the in ves ti -
gated schools were built af ter 1980. The con struc tion
pe riod af fects the con struc tion type (e.g., size of win -
dow open ings, the ground con nec tion and choice of
build ing ma te ri als), which may not fa cil i tate the ac cu -
mu la tion of ra don in con fined spaces.

Re sults dem on strate that the high est ra don con cen -
tra tion in each school was re corded in Case 1 where no
ven ti la tion was ap plied to the class room for roughly 15
hours. The con cen tra tion of ra don de creased in Cases 2
and 3, when stu dents en ter the class room through the door
and us ing the me chan i cal ven ti la tion, re spec tively. Also,
one can note that the low est ra don con cen tra tion was de -
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Ta ble 2. Gen eral in for ma tion about all four cases in study class rooms

Sam ple de scrip tion Case 1 Case 2 Case 3 Case 4

In door ra don (C) sym bol C(3 p. m. – 6 a. m.) Co CN CF

Dose sym bol D(3 p. m. – 6 a.m.) Do DN DF

School 13 13 13 13

Class room door no. 1 1 1 1

Class room win dow No. (80 % of the study
class rooms have two win dows while 20 % have 1)

2 (80 %)
1 (20 %)

2 (80 %)
1 (20 %)

2 (80 %)
1 (20 %)

2 (80 %)
1 (20 %)

Op er at ing time 3 p.m. to 6 a.m. 8 a.m. to 8.30 a.m. 8.45 a.m. to 9.15 a.m. 9.30 a.m. to 10 a.m.

Nor mal ven ti la tion Door and
win dows closed

Door and
win dows closed

Door and
win dows opened

Door and
win dows opened

Fan op er at ing No No No Yes

Stu dent no. 0 »34 <18 0

Teacher no. 0 1 0 0



tected in Case 4, when forced ven ti la tion is ap plied. Ra don 
con cen tra tion strongly de pends on ven ti la tion con di tions
as the ra don gas can eas ily move out and does not ac cu mu -
late in side the build ing. Fur ther more, t-tests, that were
done be tween ra don con cen tra tions mea sured at closed
ven ti la tion C(3 p.m. – 6 a.m.) and the other three cases of ven ti -
la tion (Cases 2-4), show that in door ra don con cen tra tion
was sta tis ti cally sig nif i cant (p < 0.05). The out comes
achieved in this study were con sis tent with many other
stud ies done on this topic [7, 12, 13].

Ra don re duc tion rates Pr were cal cu lated to iden -
tify the in door ra don de crease/in crease ra tios ac cord ing
to each case. By ap ply ing me chan i cal ven ti la tion, we ob -
tained high est ra don re duc tion rate of ap prox i mately 81
%. Ra don con cen tra tion and ra don re duc tion rate, in
each school and in each case, were var ied. From the re -
sults ob tained, one can note that room ven ti la tion has
great ben e fit to de crease any type of in door pol lut ants. If
choos ing soil un der the build ing and for build ing con -
struc tion, which are the two main sources of in door ra -
don, room ven ti la tion can eas ily con trol the in door ra don
con cen tra tion. Ta ble 3 gives in for ma tion about min i -
mum, max i mum and av er age of ra don con cen tra tion and
ra don re duc tion rate for each case.

The con cen tra tions of in door ra don were known
to be var ied by a va ri ety of fac tors in clud ing the build -
ing ma te ri als, floor level, and metrological pa ram e ters

[5]. To ex am ine the ef fect of floor level, the ob served
class rooms were di vided into three cat e go ries: first
floor, sec ond floor, and third floor. Fig ure 2 de picts the
av er age ra don con cen tra tions in all the schools, for
each case as a func tion of floor level. 

The sta tis ti cal study re vealed that in door ra don
lev els on the first floor, in all the study schools were
con sid er ably greater than those at the sec ond and the
third floor (p < 0.05). This re sult is con sis tent with the
find ings of many other re search ers [14, 15]. The high -
est in door ra don con cen tra tions were found on the first 
floor, which can be re lated to the fact that ra don is pri -
mar ily pro duced in the soil [1, 16]. It is ex pected that
the ra don con cen tra tion ac cu mu lates in ground level
and de creases at higher floors be cause it es capes from
the ground into the air, where it de cays and pro duces
fur ther ra dio ac tive par ti cles [17-19].

The dif fer ences in the ra don con cen tra tions ob -
served in the class rooms lead to dif fer ences in the
amount of doses. Fig ure 3 dem on strates the ef fec tive
dose of all the stud ied schools for four dif fer ent cases
of ven ti la tion. The an nual ef fec tive dose in the schools
was found to be less than the lower limit of ac tion level
(3-10) mSv per year, rec om mended by ICRP [5, 11].
So, it is not re quired to take any ac tion to min i mize the
level of ra don in these places in schools un der study.
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Ta ble 3. Min i mum, max i mum and av er age of ra don con cen tra tion and ra don re duc tion rate in each case

Val ues CF [Bqm–3] CN [Bqm–3] Co [Bqm–3] C(3 p.m. – 6 a.m.)  [Bqm–3] Pr1 [%] Pr2 [%] Pr3 [%]

Minimum 15 51 76 82 1.1 20 55

Maximum 38 75 99 121 32 40 81

Av er age 25.9 ± 4.2 62.2 ± 6.5 85.6 ± 7.7 97.6 ± 11 12 ± 2 27 ± 3.8 69 ± 9.2

Fig ure 1. Av er age ra don level de tected
in 13 se lected schools com pared with
WHO and ICRP



CON CLU SION

Ra don was mea sured in 28 class rooms of 13
schools in the Duhok city. The ef fect of floors and ven -
ti la tion was stud ied by eval u at ing var i ous ven ti la tion
ef fects of in door ra don un der nat u ral and me chan i cal
ven ti la tion con di tions. Ac cord ingly, four dif fer ent
ven ti la tion sce nar ios were cho sen.  The high est ra don
re duc tion rate was found un der me chan i cal ven ti la -
tion. Fur ther more, the re sults re vealed sub stan tial ra -
don con cen tra tion vari a tions from floor to floor and
from school to school. The change in the con cen tra tion 
of ra don with the build ing floors ap proved the im pact
of soil as the main source of in door ra don. Fur ther -
more, the ex po sure to an nual ef fec tive dose due to the
in door ra don in the stud ied schools was found to be be -
low the ac tion level pre sented world wide.
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Valat A. H. ALHAMDI

MON I TOR ING  RADONA  U  [KOLAMA  GRADA  DUHOKA  U  IRAKU,
PRI  RAZLI^ITIM  NIVOIMA  VENTILACIJE

Ra don je radioaktivni plemeniti gas, prepoznat kao kancerogeni agens, na koji uti~e
stepen ventilacije. Ciq ovog preliminarnog istra`ivawa je da se utvrdi koncentracija gasa
radona u zatvorenom prostoru u {kolama, da se procene glavni faktori koji uti~u na nivoe
koncentracije radona u wima i da se analizira efektivna doza koju su primili u~enici u {kolama
grada Duhoka. Zbog toga su kori{}ewem RAD7 i Corentium monitora, od 15. do 30. januara 2021.
godine, merene koncentracije radona u 28 u~ionica iz 13 {kola koje se nalaze u gradu. U svim
{kolama ra don u zatvorenom prostoru meren je pri ~etiri scenarija zatvorene, prirodne i
mehani~ke ventilacije, a zatim je izra~unata stopa redukcije radona izme|u svakog slu~aja. Pored
toga, procewena je izlo`enost godi{woj efektivnoj dozi radona za svaki stepen ventilacije.
Nadaqe, prou~avani su efekti podova zgrada. Rezultati su pokazali da je maksimalna
koncentracija  radona  od 121 Bqm–3  zabele`ena  pri  zatvorenoj ventilaciji, dok je minimalna od
15 Bqm–3, zabele`ena sa mehani~kom ventilacijom. Stopa smawewa radona u mehani~koj
ventilaciji je relativno visoka ‡ 81%. Rezultati pokazuju da su u svim istra`ivanim {kolama
nivoi radona u zatvorenim prostorima na prvom spratu, bili znatno vi{i od onih na drugom i
tre}em spratu (p < 0,05). Godi{wa efektivna doza u svim prou~avanim {kolama,  za ~etiri slu~aja
ventilacije, bila je mawa od svetske prose~ne doze zra~ewa od (3-10) mSv, tako da nije potrebno
preduzimati nikakve dodatne radwe da se umawe nivoi radona.

Kqu~ne re~i: ra don u zatvorenom prostoru, godi{wa efektivna doza, ventilacija, efekat
.........................poda, {kolska populacija


