
RA DON  EX HA LA TION  RATES  FROM  COM MON
BUILD ING  MA TE RI ALS  IN  IN DIA

Ef fect of Back Dif fu sion

by

Amit KUMAR * and Rishi Pal CHAUHAN

De part ment of Phys ics, Na tional In sti tute of Tech nol ogy, Kurukshetra

Sci en tific pa per
DOI: 10.2298/NTRP1603277K

A ra don ex ha la tion study for build ing ma te ri als was car ried out by closed ac cu mu la tor tech nique us ing
plas tic track de tec tor LR-115 type-II, tak ing into ac count the ef fect of back diffusin. The back dif fu -
sion of ra don into the ma te ri als causes an un der es ti mate of free ex ha la tion rates. The re sults showed
that ra don ex ha la tion rates of soil, sand, brick pow der, and crasher were found to be high as com pared 
to  rice  husk  ash,  wall  putty,  and  plas ter  of Paris. The ra don ex ha la tion rates from build ing ma te ri -
als var ied  from  0.45 ± 0.07  mBq/kgh  to  1.55  ±  0.2  mBq/kgh  and  3.4 ± 0.7  mBq/m2h  to  28.6  ±
±.3.8 mBq/m2h as mea sured with out con sid er ing back dif fu sion. The ra don ex ha la tion rates of build -
ing ma te ri als obliv i ous of back dif fu sion var ied from 4.3 ± 0.8 mBq/m2h to 44.1 ± 5.9 mBq/m2h. The
ra don ex ha la tion rates from build ing ma te ri als can be used for es ti ma tion of ra don wall flux and in -
door ra don con cen tra tion. Thus, it is nec es sary to make cor rec tion in the mea sured ex ha la tion rates
by back dif fu sion.
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INTRODUCTION

Many ra dio log i cal mea sure ments were per -
formed to re veal a sig nif i cant as so ci a tion be tween the
ura nium con tent of soil and high in door ra don con cen -
tra tion [1]. In door ra don and its de cay prod ucts con -
trib ute 55 % of the to tal ra di a tion dose from the nat u ral
source to the pop u la tion [2, 3]. This con tri bu tion can
be much higher in ra don prone ar eas, the nat u ral dose
ex po sure be ing 5-10 times higher. Many stud ies have
dem on strated the ev i dence of oc cur rence of lung can -
cer caused by ra don even at low lev els of ra don in res i -
den tial build ings. But the ef forts of the var i ous agen -
cies work ing to re duce the num ber of lung can cers
re lated to ra don ex po sures are sty mied in some coun -
tries due to very high ra don ex po sure [4]. The ap -
proach of in door ra don stud ies in con nec tion with ra -
don gas which orig i nates from soil and build ing
ma te ri als and is, due to many fac tors, linked to the un -
der ly ing geo log i cal for ma tions and build ing struc ture, 
shows re sults of in creased lev els of ra don in side
houses [5, 6].

Soil and build ing ma te ri als used for the house
con struc tion are the main sources of 222Rn en try into
in door en vi ron ment [7, 8]. The grains of the bed rock

of the Earth crust which con tain the ores of ura nium
and tho rium and their de cay prod ucts in sec u lar equi -
lib rium pro duce ra don iso topes (219Rn, 220Rn, and
222Rn). The 222Rn is of ut most sig nif i cance for the ra -
di a tion dose due to very long half life of 3.824 days
while the con tri bu tion of 220Rn and 219Rn is ne glected
due to their very short half life. The quan tity of ra don
in the Earth's at mo sphere is very small and amounts to
about 4×10–7 % by weight [9]. The ra don emit ted in the
de cay se ries of ura nium and tho rium causes fur ther de -
cay to pro duce the daugh ter el e ments like po lo nium,
lead and bis muth, which are more haz ard ous than ra -
don it self be cause these el e ments are in a solid state,
while ra don is a gas. Some of these de cay prod ucts gets 
at tached to aero sol par ti cles to form nanoparticles of
0.5-200 nm in size, while some re main un at tached and
float in the air. If these nanoparticles are in haled by hu -
mans through the nose and mouth, they get de pos ited
in the re spi ra tory tract by impaction and dif fu sion, and
give al pha doses to the lung, caus ing dam age of cells
and tis sues and hence, ul ti mately lead ing to the ini ti a -
tion of can cer. Ra don is the sec ond most lead ing cause
of can cer, af ter smok ing, and is con sid ered re spon si ble 
for 3 to 14 % of lung can cer deaths [3].

The ra don ex ha la tion rates of build ing ma te ri als
thus de pend upon the ra dio ac tive con tent, ra don em a na -
tion rates and ra don dif fu sion length in the ma te ri als
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ma trix. Both, ac tive and pas sive tech niques can be used
to find ra don ex ha la tion rates. Ac cu mu la tor tech nique
has lim i ta tions in the con text of the ac cu racy of de rived
ra don flux be cause of back dif fu sion and in ter fer ence of 
thoron in ra don mea sure ment. When a ma te rial is sealed 
in an ac cu mu la tor, ra don con cen tra tion first in creases
lin early with time and at tains a sat u ra tion value. The ra -
don flux from the sam ple is di rectly pro por tional to the
con cen tra tion gra di ent. As the ra don con cen tra tion in
the air above the sam ple goes on in creas ing, it causes a
de crease in ra don flux. This de crease in the ra don flux
can be quan ti fied in term of back dif fu sion co ef fi cient
(a), which re lates the two type of ra don ex ha la tion rates
namely free and bound ra don ex ha la tion rates. Thus, the 
pres ence of ra don, back dif fu sion causes an un der es ti -
mate of the free ex ha la tion rates.

Nu mer ous data have been pub lished in lit er a ture
with out con sid er ing the back dif fu sion ef fect of ra don
from build ing ma te ri als and soil. The cor rec tive mea -
sure of ra don ex ha la tion rates of soil was in tro duced
by Rehman et al. [10, 11] and re ported that the back
dif fu sion of ra don causes an un der es ti mate of free ex -
ha la tion rate of soil. Thus it is nec es sary to cor rect the
ra don ex ha la tion rates data by con sid er ing the back
dif fu sion rates so that the proper se lec tion of the build -
ing ma te ri als may be made for con struc tion pur poses.

MATERIALS AND METHODS

The mea sure ment of ra don ex ha la tion rates of
build ing ma te ri als was car ried out by “Sealed Ac cu -
mu la tor tech nique” the ex ha la tion rate de pends upon
the ma te rial and its amount, as well as on the ge om e try
and di men sions of the ac cu mu la tor [12-15]. The
build ing ma te ri als un der study were dried and sieved
through a 100-mesh sieve and 100 g was placed in the
ac cu mu la tors (di am e ter 7.0 cm and height 13.5 cm). 
LR-115 type II plas tic track de tec tor (3 cm ×3 cm) was
fixed at the top in side of the accumulator so that the
sen si tive lower sur face of the de tec tor may be freely
ex posed to ra don [16, 17]. The height of the sam ples
(1.2-1.5 cm) in side the ac cu mu la tor was se lected so
that the tracks formed on LR-115 de tec tor may be due
to ra don only. While due to the short half life of thoron
and the range of al pha par ti cles, thoron and its de cay
prod ucts do not form tracks on SSNTD (LR-115).  Ra -
don and its daugh ters reach an equi lib rium con cen tra -
tion af ter 4 hours and thus, the equi lib rium ac tiv ity of
the emer gent ra don could be ob tained from the ge om e -
try of the ac cu mu la tor and the time of ex po sure. Af ter
the ex po sure for 100 days, the de tec tors were etched in 
2.5 N NaOH at 60 °C for a pe riod of 90 min utes in a
con stant tem per a ture wa ter bath. The tracks den si ties
from the etched track de tec tors were then de ter mined
us ing spark coun ter. The etched track de tec tor first
pre-sparked at 900 V twice and then tracks were
counted at 500 V thrice and then mean val ues were
used for cal cu la tion. From the track den sity, the ra don

ac tiv ity was ob tained, us ing the cal i bra tion fac tor of
0.056 tr. cm–2d–1/Bqm–3 ob tained from an ear lier cal i -
bra tion ex per i ment [15]. The ra don ex ha la tion rates of
build ing ma te ri als with back dif fu sion were cal cu lated 
us ing the re la tions [12-15]
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where C is the equi lib rium ra don ac tiv ity in side the ac -
cu mu la tor, V and A are the vol ume and the area of
cross-sec tion of the ac cu mu la tor, M is the mass of the
sam ple, and l – the ra don de cay con stant and, t – the
time of ex po sure.

In the past, many in ves ti ga tors used the sealed
ac cu mu la tor tech nique em ploy ing a solid-state nu -
clear track de tec tor (SSNTD) for mea sure ments of ra -
don ex ha la tion rates from var i ous con struc tion ma te ri -
als [16-19], since this method is be ing in ex pen sive and 
giv ing ob tains re li able mea sure ments [18]. But this
tech nique did not take into ac count the im pact of back
dif fu sion. Af ter the ac cu mu la tor is sealed, the ra don
ac tiv ity in side the ac cu mu la tor in creases with time and 
even tu ally, reaches a sat u ra tion value. Thus the ra don
con cen tra tion dif fer ence in the pore space and the air
de crease with time, caus ing a de crease in the ra don
flux from sam ple sur face. This ef fect was in cor po rated 
in term of a quan tity called back dif fu sion. This causes
a de crease in the ra don flux from the sam ple in side the
ac cu mu la tor caus ing an er ror in es ti ma tion of ra don
ex ha la tion rates. The ra don ex ha la tion in side the ac cu -
mu la tor, for a short ex po sure time is as sumed to be free 
from back dif fu sion and is called free ex ha la tion rate,
while the ex ha la tion rate for a long time is bound by
back dif fu sion and is called bound ex ha la tion rate. The 
pa ram e ters which af fect the ra don ex ha la tion are po -
ros ity and height of the sam ple in side the ac cu mu la tor.
The cor rec tion for ra don ex ha la tion rates due to back
dif fu sion was con sid ered by Rehman et al. [10, 11].
The free F0 and bound F ex ha la tion rates are given by
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where e is the po ros ity of the sam ple mea sured by wa -
ter ab sorp tion method, l – the ra don de cay con stant
and Y0 – the height of the sam ple in the ac cu mu la tor. A
is the area of cross-sec tion of the ac cu mu la tor.  In eq.
(4) the term on the left hand side rep re sents the to tal
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ex ha la tion rates of ra don from build ing ma te ri als with
the back dif fu sion ef fect. The first term on the right
hand side rep re sents the ex ha la tion rates free from
back dif fu sion while the sec ond term rep re sents the
cor rec tion for back dif fu sion.  

RESULTS AND DISCUSSION

Us ing the re la tions (1) and (2) from the pre vi ous
chap ter, the ra don ex ha la tion rates of some com mon
build ing con struc tion ma te ri als were cal cu lated from the
mea sured track den si ties and are shown in tab. 1. The ra -
don ex ha la tion rates of soil, sand, brick pow der and
crasher were found to be high as com pared to rice husk
ash, wall putty and plas ter of Paris.  The ra don mass ex -
ha la tion rates of  build ing ma te ri als var ied from 0.45 ±
±.0.07 mBq/kgh to 1.55 ± 0.2  mBq/kgh, whereas sur face 
ex ha la tion  rates  var ied  from  3.4  ±  0.7 mBq/m2h to
28.6 ± 3.8 mBq/m2h. The free and bound ex ha la tion
rates, and ef fec tive dose equiv a lent from these build ing
ma te ri als us ing eqs. 3 and 4 are listed in tab. 2.

The free ra don sur face ex ha la tion rate of build ing
ma te ri als var ied from 4.3 ± 0.8 mBq/m2h to 44.1 ± 5.9
mBq/m2h  with  an av er age of 24 mBq/m2h and bound
ex ha la tion  rates  var ied  from  3.3  ±  0.6 mBq/m2h to
27.1 ± 3.6 mBq/m2h with an av er age of 15.9 mBq/m2h.
The com par i son of ex ha la tion rates mea sured by re la -
tions 2, 3, and 4 is shown in fig. 1

The free ra don sur face ex ha la tion rates mea -
sured by the re la tion (3) are higher than those of the
bound ex ha la tion us ing the re la tion (2) and the re la tion 
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Table 1. Radon mass and surface exhalation rates of building construction materials

No. Sample Porosity Mass exhalation rate Em [mBqkg–1 h–1] Surface exhalation rate EA [mBqm–2 h–1]

1 Cement 0.56 0.8 ± 0.14 13.8 ± 2.4

2 Soil 0.42 1.48 ± 0.12 26.5 ± 0.2

3 Sand 0.41 1.1 ± 0.02 20.2 ± 0.6

4 Rice husk ash 0.35 0.45 ± 0.07 3.4 ± 0.7

5 Plaster of Paris 0.57 0.7 ± 0.30 10.2 ± 3.9

6 Wall putty 0.65 0.45 ± 0.07 8.7 ± 1.1

7 Brick powder 0.63 1.55 ± 0.2 28.6 ± 3.8

8 10 mm aggregate 0.55 0.85 ± 0.07 15.2 ± 0.9

9 Crasher 0.45 1.35 ± 0.07 24.8 ± 1.2

Table 2. Free and bound radon exhalation rates of building materials samples

No. Sample Free exhalation rates (F0) [mBqm–2h–1] Bound exhalation rates (F) [mBqm–2h–1]

1 Cement 20.4 ± 3.7 13.1 ± 2.3

2 Soil 35.6 ± 0.2 25.1 ± 0.2

3 Sand 26.9 ± 0.8 19.1 ± 0.6

4 Rice husk ash 4.3 ± 0.8 3.3 ± 0.6

5 Plaster of Paris 15.2 ± 5.9 9.6 ± 3.7

6 Wall putty 13.7 ± 1.7 8.3 ± 0.9

7 Brick powder 44.1 ± 5.9 27.1 ± 3.6

8 10 mm aggregate 22.2 ± 1.4 14.3 ± 0.8

9 Crasher 34 ± 1.6 23.4 ± 1.1

Fig ure 1. Com par i son of ra don sur face ex ha la tion rates
us ing var i ous re la tions

Fig ure 2. Per cent age re duc tion of ex ha la tion rates with
back dif fu sion co ef fi cient



(4) from all the build ing ma te ri als un der study. The ra -
don ex ha la tion rates of build ing ma te ri als are af fected
by back dif fu sion which de pends upon the po ros ity of
the sam ple. The per cent of re duc tion in the ex ha la tion
rates of the sam ples with the in crease of back dif fu sion 
co ef fi cient shows a good agree ment (R2 = 0.86) as
shown in fig. 2.

CONCLUSIONS

The ra don ex ha la tion rates of soil, sand, brick
pow der, and crasher were found to be high as com -
pared to rice husk ash, wall putty and plas ter of Paris.
The ra don back dif fu sion rates from build ing ma te ri als 
in creased with po ros ity of the sam ple and showed a
good cor re la tion with the per cent age of re duc tion in
the ra don ex ha la tion rates. The ra don ex ha la tion, ra -
don ac tiv ity and ef fec tive dose equiv a lent of the room,
mea sured by con sid er ing the ef fect of back dif fu sion,
was in good agree ment with the con ven tional re la tion.
While the free ex ha la tion rate, ra don ac tiv ity and ef -
fec tive dose equiv a lent are 30 % to 40 % higher than
bound ex ha la tion rates, de pend ing upon the po ros ity
of a sam ple. The ex ha la tion rates of build ing ma te ri als
un der study were found be low the world wide av er age
re ported in UNSCEAR [20]. The ra don ex ha la tion
rate along with the ra dium, tho rium, and po tas sium
con tents of build ing ma te ri als, are im por tant pa ram e -
ters used for se lec tion of the build ing ma te ri als. The
ra don ex ha la tion rates from build ing ma te ri als can be
used for es ti ma tion of ra don wall flux and in door ra -
don con cen tra tion. Thus, it is nec es sary to cor rect the
mea sured ex ha la tion rates due to back diffusion.
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Amit KUMAR, Ri{i Pal ^AUHAN

JA^INA  OSLOBA\AWA  RADONA  IZ  UOBI^AJENIH
GRA\EVINSKIH  MATERIJALA  U  INDIJI

Efekat povratne difuzije

Upotrebom plasti~nih trag detektora LR-115 Tip-II i ura~unavawem povratne difuzije,
sprovedeno je ispitivawe osloba|awa radona iz gra|evinskog materijala „metodom zatvorene
akumulacije”. Povratna difuzija radona dovodi do potcewivawa slobodne ja~ine ekshalacije.
Rezultati pokazuju da su ja~ine osloba|awa radona iz zemqi{ta, peska, praha, opeke i drobqenog
materijala, vi{e od pepela, zidnog kita i pariskog gipsa. Ne uzimaju}i u razmatrawe povratnu
difuziju, ja~ine osloba|awa radona iz gra|evinskog materijala su u opsegu od 0.45 ± 0.07 mBq/kgh do
1.55 ± 0.2 mBq/kgh i od 3.4 ± 0.7 mBq/m2h do 28.6 ± 3.8 mBq/m2h. Za gra|evinske materijale bez povratne
difuzije, ja~ina osloba|awa radona iznosi od 4.3 ± 0.8 mBq/m2h do 44.1 ± 5.9 mBq/m2h. Ja~ine
osloba|awa radona iz gra|evinskih materijala mogu se koristiti za procenu fluksa radona iz zida
i koncentraciju radona u zatvorenom prostoru. Stoga je potrebno izvr{iti korekcije u merewima
ja~ine osloba|awa radona na povratnu difuziju.

Kqu~ne re~i: osloba|awe radona, povratna difuzija, tehnika akumulacije


