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To com pare the per for mance of the ac tive short-term and pas sive long-term ra don mea sure -
ment meth ods, a study was car ried out in sev eral closed spaces, in clud ing a ura nium mine in
Iran. For the pas sive method, solid-state nu clear track de tec tors based on Lexan polycar bon -
ate were uti lized, for the ac tive method, AlphaGUARD. The study fo cused on the cor re la tion
be tween the re sults ob tained for es ti mat ing the av er age in door ra don con cen tra tions and con -
se quent per sonal oc cu pa tional doses in var i ous work ing places. The re peat abil ity of each
method was in ves ti gated, too. In ad di tion, it was shown that the ra don con cen tra tions in dif -
fer ent sta tions of the con tin u ally ven ti lated ura nium mine were com pa ra ble to the ground
floor lab o ra to ries or stor age rooms (with out con tin ual ven ti la tion) and lower than un der -
ground lab o ra to ries. 
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IN TRO DUC TION

Ra don (222Rn) and its short-lived de cay prod ucts
are the most im por tant con tri bu tors of hu man ex po sure
to ion iz ing ra di a tion from nat u ral sources.  Un til the
1970, ra don and its prog e nies were re garded as ra di a -
tion health haz ards en coun tered only in the min ing and
pro cess ing of ura nium ore. As a re sult of the sci en tific
re ports is sued by glob ally trusted or ga ni za tions and
com mis sions like WHO and ICRP, that no tion has sig -
nif i cantly changed [1, 2]. Ep i de mi o log i cal sur veys
have shown that in door ra don is re spon si ble for a sub -
stan tial num ber of lung can cers in the gen eral pop u la -
tion. The ma jor ity of in door ra don con cen tra tions oc cur 
in the lower range of a lognormal dis tri bu tion fre quency 
curve, there fore, the vast ma jor ity of ra don-in duced
lung can cers are thought to be a re sult of ex po sure to
low and mod er ate ra don con cen tra tions [1, 3].

Re gard ing the con sid er able can cer risk of low and 
mod er ate ra don con cen tra tions, ac cu rate es ti ma tion of
the mean in door ra don con cen tra tion is of great im por -
tance. Pas sive long-term tech niques such as the use of
solid-state nu clear track de tec tors (SSNTD) are ex -
pected to pro vide prox i mate es ti ma tions of av er age ra -
don con cen tra tions. This is due to the fact that SSNDT

in te grates ra don ac tiv ity over a long time (of ten one to
sev eral months). These de tec tors pos sess dom i nant ca -
pa bil i ties for spec trom e try and for de fin ing the in ci -
dence an gle of par ti cles (al pha, pro ton, etc.), too [4].
The dis ad van tages of pas sive long-term meth ods are
that they are time-con sum ing and that the ma jor ity of
them are not real-time. On the other hand, short-term
sam pling meth ods such as ac tive ra don grab de vices are 
fast and al most real-time. How ever, they only pro vide
ra don in for ma tion for short sam pling times.  De spite the 
vari a tions of ra don re lease rates over time, ac tive tech -
niques are widely used for es ti ma tion of av er age ra don
con cen tra tion lev els [1]. The ob jec tive of this work is to
de fine the cor re la tion of the ac tive short-term ra don
con cen tra tion mea sure ment method with the pas sive
long-term method (as the pref er a ble ap proach). To this
end, both ac tive and pas sive meth ods were uti lized to
eval u ate ra don con cen tra tion in var i ous closed spaces,
in clud ing a ura nium mine, and the re sults of the two
meth ods were com pared. The re peat abil ity of each
method was also in ves ti gated.

MA TE RI ALS AND METH ODS

The main dif fer ence be tween the pas sive and the
ac tive method is that the for mer is an in te gra tive
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method which pro vides no de tails about the vari a tion
of ra don con cen tra tion over the mea sur ing time,
whereas the lat ter is of ten ap pro pri ate for de fin ing the
fluc tu a tions of ra don con cen tra tion dur ing the mea -
sure ment pe riod [5].

De spite this ma jor prop erty dif fer ence be tween
the two meth ods, both are com monly used for in door
ra don mea sure ment. In or der to com pare them, a se ries 
of mea sure ments was car ried out in dif fer ent sta tions
of a ura nium mine, as well as in sev eral other closed
spaces over a month-long pe riod in Oc to ber and No -
vem ber 2015. The de vices used in both meth ods were
cal i brated at the Na tional Ra don Cal i bra tion Cen ter,
prior to the ex per i ments. The mea sure ments were per -
formed in sta tions A, B, C, D, and E of the ura nium
mine. Sta tion A was a ground level of fice room lo cated 
in the mine area, sta tion B the main en trance of the
mine well. C, D, and E were sta tions in the un der -
ground mine path ways (E was deeper than C and D).
Sta tion A was ir reg u larly ven ti lated through its door or 
win dows (no me chan i cal ven ti la tion).  The un der -
ground mine sta tions were con tin u ously ven ti lated.
Apart from this, mea sure ments were car ried out in
four other spaces, in clud ing a ground floor stor age
room with out any win dows or ac tive ven ti la tion (sta -
tion F), a ground floor of fice room (G), an un der -
ground  gamma cal i bra tion room (sta tion H), and a
ground floor ura nium tail ing room (sta tion I). The
gamma cal i bra tion room was equipped with a ven ti la -
tion fan in op er a tion only dur ing ex po sure time. None
of the nor mal work ing con di tions of the rooms were
changed dur ing the ex per i ments. The re peat abil ity of
each method, stan dard de vi a tion of the mea sure ments, 
as well as the cor re la tion of the mean con cen tra tion
ob tained by the two meth ods and com pli ance of per -
sonal doses es ti mated by the said meth ods were eval u -
ated and com pared. 

Long-term mea sure ments by the
pas sive method

In the pas sive method, the de tec tor used in -
cluded a small piece of an al pha track de tec tor (film)
en closed in a dif fu sion cham ber cov ered by a high ef fi -
ciency par tic u late air (HEPA) fil ter. The main films
used as al pha track de tec tors are poly allyl diglycol
car bon ate (CR-39), cel lu lose ni trate (LR-115),
polycarbonate (Makrofol) and Lexan polycarbonate.
In this study, Lexan polycarbonate (C16H14O3) was
used for al pha track de tec tion. Af ter sub tract ing the
back ground counts, the num ber of tracks per unit sur -
face area (made ob serv able through elec tro chem i cal
etch ing) is di rectly pro por tional to the in te grated ra -
don con cen tra tion in Bqh/m3. De pend ing on the ex -
pected ra don con cen tra tion, al pha-track de tec tors are
de ployed for an ex po sure pe riod rang ing from one
month to a year. These de tec tors are in sen si tive to hu -

mid ity, tem per a ture, and back ground beta and gamma
ra di a tions [5]. None the less, very high hu mid ity may
form a very thin film of wa ter on the de tec tor sur face
that stops the al pha par ti cles. 

The ra don dif fus ing cham ber used in this study is 
shown in fig. 1. The cham ber is a cy lin dri cal plas tic
con tainer. The di am e ter, height and in ter nal vol ume of
the dif fu sion cham ber were 66.4 mm, 86.3 mm, and
249 cm3, re spec tively. Ra don prog eny prod ucts and at -
om ized aero sols were pre vented from en ter ing the cup
by the glass fi ber fil ter. The de tec tor film was held at
the bot tom of the cham ber via a plas tic holder (ad just -
able up to 4 cm above the bot tom). The thick ness, den -
sity, and di am e ter of the used Lexan polycarbonate
film were, re spec tively, 250 µ, 1.29 g/cm3, and 3 cm. 

Frothy two Lexan films tech niques were used in
this study. Six films were used for back ground mea -
sure ments, the oth ers were placed in sta tions A to I for
one month.  In each sam pling sta tion, four de tec tors
were in stalled 1 m above the floor, at a dis tance of 15
cm from the wall, next to each other, in or der to in ves -
ti gate the re peat abil ity of the method. All de tec tors
were col lected at the same time (af ter a month) and
trans ferred to the lab o ra tory for pro cess ing. The elec -
tro chem i cal etch ing  so lu tion  used  was  a mix ture of
15 % KOH, 40 % C2H5OH, and 45 % H2O. The etch -
ing was per formed at 25 ºC for 3 hours. The etch ing so -
lu tion was ap plied to the ir ra di ated side of the films,
while the con duc tive so lu tion, HCl 3 %, was ap plied to 
the op po site side. Track den sity was con verted into ra -
don con cen tra tion in Bq/m3 us ing the cal i bra tion fac -
tor. The Lexan  film  was  cal i brated  at  the Na tional
Ra don Cal i bra tion Lab o ra tory of Iran equipped with a
107.285 kBq 226Ra source. To eval u ate the back -
ground ef fect of the re sponse of al pha-track de tec tors,
six unirradiated films from the same Lexan sheet were
de vel oped un der the same etch ing con di tions. The
mean track count on the films was 140 track per cm2,
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Fig ure 1. Ra don dif fu sion cham ber with
the de tec tor



with the stan dard de vi a tion of 20.6 track per cm2. The
sen si tiv ity of the used cham ber to ra don gas was 13.55
track per cm2/kBq.d/m3 and the min i mum de tec tion
limit (MDL) of the method for month-long mea sure -
ments was de fined (0.127 kBq/m3). The over all er ror
(un cer tainty) caused by dif fer ent fac tors for sin gle
pas sive mea sure ments was 9 %.

The re sults be low the MDL were con sid ered to
amount to 0.5 MDL, ac cord ing to the method pro -
posed by the de fense threat re duc tion agency (DTRA)
for per sonal do sim e try [6]. This is a ra tio nal pre sump -
tion in sta tis ti cal op er a tions when cal cu lat ing the mean 
or cu mu la tive dose val ues, due to the fact that the mea -
sured val ues be low the MDL can nei ther be con sid ered 
zero nor al to gether omit ted from the data.

Short-term mea sure ments by the
ac tive method

A ra don gas an a lyzer type AlphaGUARD
PQ2000 in stru ment was used in the dif fu sion mode to
mea sure ra don con cen tra tions. Ra don prog eny prod -
ucts and aero sol par ti cles were pre vented from en ter -
ing the ion iza tion cham ber of the AlphaGUARD by a
HEPA fil ter (only ra don-222 passes through). The sys -
tem also reg is tered air tem per a ture, pres sure and rel a -
tive hu mid ity. Mea sure ments last ing 30 min utes were
per formed by the AlphaGUARD at in stal la tion points
of the track de tec tors. The mea sure ments were re -
peated  daily  at  all of the sta tions be tween 1 p. m. to 4
p. m. for a week. The over all er ror caused by dif fer ent
fac tors for the sin gle ac tive mea sure ments was 20 %.

RE SULTS AND DIS CUS SION

The re sults of pas sive mea sure ments in sta tions
A to I are pre sented in tab. 1. As is shown, all the mea -
sured con cen tra tions by the pas sive method in A and B
are be low the MDL. Thus, these low ra don con cen tra -
tion sta tions needed lon ger mea sur ing times (lon ger
mea sure ment time = lower MDL). Ac cord ing to the
DTRA method for cal cu lat ing mean ra don con cen tra -
tions, the val ues be low the MDL are con sid ered to
equal 0.5 MDL. Al though, when all of the de tec tors
are be low the MDL, the stan dard er ror of their mean
(SEM) is not de fin able (sta tions A and B). 

The daily read ings by the ac tive method in each
sta tion were av er aged over the weeklong mea sur ing
pe riod. The mean 222Rn ac tiv ity con cen tra tions es ti -
mated by the ac tive and pas sive meth ods with the re -
lated SEM are com pared in tab. 1. As can be seen, ig -
nor ing A and B for which the pas sive re sults < MDL,
the mean con cen tra tions mea sured by the pas sive
method in spaces other than the mine are much higher
than those of the ac tive method. This could be due to
the fact that ven ti la tion (nat u ral or me chan i cal) in

those spaces was of ten op er a tive only at ac tive mea -
sur ing times.

The cor re la tion co ef fi cient be tween the re sults
ob tained by the ac tive (AlphaGUARD) and pas sive
(ra don dif fu sion cham ber with Lexan) meth ods for
222Rn mean con cen tra tion is 0.428. This value of the
cor re la tion co ef fi cient for the two in de pend ent data
se ries rep re sents a me dium lin ear re la tion ship be -
tween the two in door ra don mea sure ment meth ods. A
sim i lar study in Saudi Ara bia for com par ing the
short-term and long-term ra don mea sure ment meth -
ods re ported a cor re la tion co ef fi cient of 0.38 be tween
the two meth ods, with the long-term method show ing
higher av er age con cen tra tions [7]. In an other study,
us ing weekly ac tive and an nu ally pas sive mea sure -
ments, the cor re la tion co ef fi cient be tween the ac tive
and pas sive method was re ported as 0.86 [8]. The high
cor re la tion re ported in the lat ter case is, likely, due to
the very long sam pling pe riod that is not prac ti cally
fea si ble in many sur veys, par tic u larly not when the ac -
tive method is con cerned.

The mean ra don con cen tra tions es ti mated by the
ac tive and pas sive meth ods in sta tions A, B, and E are
re mark ably close to each other. In sta tion C, on the
other hand, the re sult ob tained through the pas sive
method is sur pris ingly lower than the ac tive method
(al most down to a third). Our study re vealed that the
sta tion had been in ac tive dur ing the mea sur ing pe riod
(no op er a tion) and with out ef fec tive ven ti la tion at the
time. The high hu mid ity in this sta tion prob a bly led to
for ma tion of a thin layer of wa ter on both of the cham -
bers' fil ters and films sur faces which, in turn, stopped
the al pha par ti cles and af fected the mea sure ment re -
sults. The in ter est ing find ing of this study is the higher
ra don con cen tra tion in the ground floor stor age room
(F) and the un der ground gamma cal i bra tion room (H)
than in all of the un der ground ura nium mine sta tions
and the ura nium tail ing room (I) through the pas sive
method. This can be ex plained by the pres ence of con -
tin u ous ven ti la tion in the mine, as op posed to the al -
most sealed in door at mo sphere of sta tion F and oc ca -
sional ven ti la tion of sta tion H. The sig nif i cant
dif fer ences be tween the ac tive and pas sive mea sure -
ment re sults for sta tion H can also be re lated to its oc -
ca sional ven ti la tion that causes con sid er able ra don
con cen tra tion vari a tions. For sta tions F and I, the
much lower mean con cen tra tions es ti mated through
the ac tive method than the pas sive one are ex plain able
based on fresh air en ter ing the room along with the ex -
am in ers.

Ex cept for sta tion C for which the high hu mid ity
is deemed to be re spon si ble for the dif fer ence be tween
the pas sive and ac tive mea sure ment re sults, the two
meth ods have pro duced close re sults wher ever the
ven ti la tion of the space was al most con stant (B, D, and 
E). In con trast, in spaces with fluc tu at ing ra don con -
cen tra tions due to the fre quent open ing of doors or
win dows (G) or due to ir reg u lar me chan i cal ven ti la -
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tion (H), as well as in iso lated but rel a tively small
spaces F and I where the en try of the ex am iner (for ac -
tive mea sure ment) con sid er ably af fected in door air
qual ity, the re sults of the two meth ods are very dif fer -
ent. In com par i son with other mines, the one un der
study shows a low ra don con cen tra tion when com -
pared with the re ported con cen tra tion of about 1800 to
above 5000 Bq/m3 at some points of a phos phate mine
[9] and may be com pared to a low-grade ore un der -
ground mine (Jaduguda mine in In dia) with ra don con -
cen tra tion of a few hun dred Bq/m3 [10].

Re peat abil ity of ac tive and pas sive meth ods

For com par i son of the re peat abil ity of the two
meth ods, mea sure ments with AlphaGUARD were

done four con sec u tive times (in 1 hour cy cles) at the
same points in sta tions C to I (the sec ond col umn of
tab. 1, from the right). The read ings of the set of the
four ra don dif fu sion cham bers in each sta tion were
used to cal cu late the re peat abil ity of the pas sive
method. The stan dard de vi a tion to the mean ra tio – co -
ef fi cient of vari a tion (CV) – of the meth ods was cal cu -
lated us ing the said data. Sta tions A and B were ex -
cluded from this com par i son, ow ing to their < MDL
ra don con cen tra tions in the pas sive ap proach. The CV
of the ac tive method for C, D, and E sta tions were in
the range of 0.06 to 0.93, whereas for the pas sive
method, the CV were be tween 0.09 and 0.75. There -
fore, the re peat abil ity of the pas sive method was better 
than that of the ac tive method. This is ow ing to the fact
that the pas sive long-term mea sure ment is not sen si -
tive to the vari a tion of ra don con cen tra tion over the
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Ta ble 1. 222Rn ac tiv ity con cen tra tions mea sured by the pas sive and ac tive meth ods

Sta tion
Pas sive method Ac tive method

De tec tors'
read ings [Bqm–3]

Av er age con cen tra tions and
stan dard er rors [Bqm–3] CV Av er age con cen tra tions and

stan dard er rors [Bqm–3]
Mea sure ments for

re peat abil ity check [Bqm–3] CV

A

<MDL

63.5 (the stan dard er ror is not
de fin able) – 59.0 ± 4.59 – –

<MDL

<MDL

<MDL

B

<MDL

63.5 (the stan dard er ror is not
de fin able) – 66.5 ± 8.86 – –

<MDL

<MDL

<MDL

C

145.1

146.3 ± 6.69 0.06 448.2 ± 34.33

350

0.09
157.4 320

154.9 300

127.9 323

D

206.6

300.1 ± 53.77 0.06 407.0 ± 88.89

325

0.36
228.7 341

322.2 338

442.8 372

E

238.6

194.2 ± 52.68 0.07 199.1 ± 34.80

336

0.54
<MDL 354

309.9 310

164.8 370

F

542

764 ± 98.12 0.21 314.42 ± 62.80

460

0.26
947 333

657 435

910 293

G

163

244.4 ± 91.7 0.93 117.57 ± 18.94

128

0.75
<MDL 40

259 20

492 28

H

276

474.7 ± 143.55 0.45 196.28 ± 55.31

447

0.6
200 299

611 162

812 207

I

<MDL

87.6 ± 24.1 0.55 21.67 ± 1.90

30.63

0.2
<MDL 27.13

<MDL 20.5

159.9 20.63



mea sur ing pe riod, while the re sult of the ac tive
short-term mea sure ment is highly de pend ent on the
con cen tra tion of ra don at the time of grab bing.

Cal cu la tion of the ef fec tive dose based on the
re sults ob tained by ac tive and pas sive meth ods

The ef fec tive dose was cal cu lated ac cord ing to
eq. (1) [11]. 

E C F t DCFD Rn= ´ ´ ´( ) / ( / )3700 170 (1)

where ED is the ef fec tive dose [mSvy–1], CRn – the ra -
don con cen tra tion in Bq/m3, t – the ex pected an nual
work ing time (2000 h per year), F – the equi lib rium
fac tor (0.4 for in door), and DCF – the work ing level
month (WLM) to dose con ver sion fac tor (5 mSv per
WLM). One work ing level (WL) is any com bi na tion
of short-lived de cay prod ucts of ra don in a li ter of air
that ul ti mately emits 1.3×105 MeV of al pha en ergy.
Based on the ICRP1994, the dose con ver sion fac tor
ex presses the re la tion ship be tween the ef fec tive dose
and po ten tial al pha en ergy con cen tra tion of in haled
short-lived ra don de cay prod ucts [12].

The re sults are de picted in tab. 2. Ac cord ing to the
cal cu la tions, the av er age an nual ra don-in duced ef fec tive
dose of the mine work ers (sta tions A to E) based on the
ac tive  method  is  in the range of 0.14-2.85 mSvy–1,
while the  one  based  on the pas sive method is be tween
0.4-4.58 mSvy–1. Al though sta tions C (mine), F (the
ground floor stor age room), and I (the ground floor ura -
nium tail ing room) were of a very low oc cu pancy fac tor
dur ing the mea sure ment pe riod, their an nual ef fec tive
doses were cal cu lated for full oc cu pa tion (2000 h/y) for
better com par i son with the other spaces. In deed, the ac -
tual ef fec tive doses of work ers in those sta tions de pend
on the frac tion of to tal an nual work ing time spent at each
sta tion.

The ac tion level pro posed by the ICRP is in the
range of 3-10 mSv per year and the val ues ob tained by
both ac tive and pas sive meth ods are less than the lower
limit of this thresh old for the mine. The cal cu lated an -

nual ef fec tive doses are also lower than the an nual oc cu -
pa tional dose limit (20 mSv av er aged over a 5 year pe -
riod). Of course, these val ues are re lated only to the in -
ter nal ef fec tive doses that a worker re ceives in the mine, 
al beit the ex ter nal dose should also be con sid ered.

CON CLU SIONS

In this re search pa per, in door ra don con cen tra -
tions were mea sured in var i ous closed work ing spaces,
in clud ing a ura nium mine in au tumn. Both ac tive and
pas sive meth ods were em ployed and their re sults com -
pared. The re sults showed that the mean ra don con cen -
tra tions es ti mated by the pas sive method us ing a dif fu -
sion cham ber (Lexan polycarbonate films) has a
rel a tively low cor re la tion (0.428) with the ap prox i ma -
tions made by the ac tive method us ing AlphaGUARD.
The back ground vari a tion of polycarbonate films is not
ignorable be cause it af fects the re peat abil ity of the pas -
sive method, es pe cially when low and me dium ra don
con cen tra tions are con cerned. Our study has shown that 
the co ef fi cient of vari a tion of the pas sive method is gen -
er ally lower than the ac tive method.  More over, it sug -
gests re li ance on the ac tive method only for spaces with
min i mum fluc tu a tion in their in door air qual ity, es pe -
cially at the time of the ac tive mea sure ments. There fore, 
per form ing mea sure ments by the ac tive method for es -
ti mat ing the av er age in door ra don con cen tra tion is not
rec om mended. The re sults also con firm the need for
mak ing a proper bal ance be tween the ex pected ra don
con cen tra tion and the length of the mea sur ing pe riod
for the pas sive method. Gen er ally, long mea sur ing pe ri -
ods are highly rec om mended if the ex pected ra don con -
cen tra tion is low or me dium.

The es ti mated pro jected an nual ef fec tive doses
re ceived by the min ers, as well as the work ers in other
spaces, were cal cu lated. It was shown that ra don con -
cen tra tions in some un der ground fa cil i ties were higher 
than in low-grade ura nium ore mines. The es ti mated
an nual doses were lower than the rec om mended oc cu -
pa tional dose lim its, how ever, sea sonal vari a tions
cannot be ig nored. Ra don con cen tra tions in the stud -
ied closed spaces may be con sid er ably dif fer ent in
sum mer or win ter, due to changes in hu mid ity, nat u ral
ven ti la tion and air con di tion ing.
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Ta ble 2. An nual ef fec tive dose cal cu lated, based on the
re sults of the ac tive and pas sive meth ods

Sta tion
An nual ef fec tive dose

based on the ac tive
method [mSv]

An nual ef fec tive dose
based  on the pas sive

method [mSv]

A 0.37 0.40

B 0.42 0.40

C 2.85 0.87

D 2.59 1.80

E 1.26 1.23

F 1.99 4.58

G 0.74 1.17

H 1.25 2.84

I 0.14 0.55



ments and re corded the data. All au thors were in -
volved in an a lyz ing and dis cuss ing the re sults and the
manu script was writ ten by F. Mianji, E. Hasanzadeh,
and Y. Sadighzadeh.
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Elham HASANZADEH, Feridun MIAN\I, Asgar SADIKZADEH, Fa rang MIZANI

PORE\EWE  PASIVNIH  I  AKTIVNIH  METODA  MEREWA  RADONA
RADI  PROCENE  DOZE  PROFESIONALNO  IZLO@ENIH  LICA

Kako bi se izvr{ilo pore|ewe aktivnih kratkotrajnih i pasivnih dugotrajnih metoda za
merewe radona, sprovedena je studija u nekoliko zatvorenih objekata, ukqu~uju}i i rudnik
uranijuma u Iranu. Kod pasivne metode kori{}eni su ~vrsti trag detektori na bazi leksan
polikarbonata, dok je za aktivne metode kori{}en AlphaGUARD detektor. Studija je usmerena na
korelaciju procewene sredwe koncentracije radona u zatvorenom prostoru sa li~nim dozama
radnika na razli~itim radnim mestima. Tako|e je proverena i ponovqivost svake metode. Dodatno
je pokazano da je koncentracija radona u razli~itim delovima rudnika uranijuma sa stalnom
ventilacijom uporediva sa koncentracijom u prizemnim laboratorijama ili magacinima (bez
stalne ventilacije) i ni`a od koncentracije u laboratorijama ispod povr{ine zemqe.

Kqu~ne re~i: aktivno merewe, AlphaGUARD, pasivno merewe, ra don, ~vrsti trag detektor


