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Radon Gas in Buildings and Construction Materials
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Abstract

Nowadays, many countries have significantly focused on building air quality because it can impact human health,

comfort, well-being, and productivity of building occupants. Radon gas (Rn-222) is a radioactive, odourless, colourless,

and tasteless noble gas. It is considered to be a health hazard, for example, lung cancer in human. It is produced during the

disintegration of uranium and radium, which are dispersed throughout the earth's crust. Source of radon gas can be divided

into 4 major sources including uranium in soil, water, construction materials bowels, and natural gas. Radon gas can seep

into the building through cracks and holes. In addition, it gets indoor through the use of natural gas, water and construction

materials. Indoor radon contribution can be released by adequate air exchange designed building. The sealing radon entry

route is the direct method for radon permeability protection. The most important source of the radon is the soil in the

ground. Thus the way to protect radon diffusion into the building is using plastic or special rubber sheet protection. The

other way to avoid radon gas is using low radon exhalation building materials.
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Element Names Halflde units

U -uranium a-yean
Th-thorium d-days

Ra-radium h-hours

Fa-potaclinium m-minutes

Rn-radon s -seconds

Po - polonium

Bi - bisnuth

Pb- lead
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u?ro{ ntru9t1,o{nlsr: n ouluotnt: fiu1 rEiu frndto,r

tt

q t: r fi o r 1 u n^ u fi d'{ I o.: o r n r : n r : rfi o n 1 dia q ri o a Yr,r

n r : rl o .r fi'u'hj 1 #fi'r m: q o u rr?r {o r n r : d r u : o u I rfl n yr'l
qd9{qn'qtd

10{olnt: ttnsnflrnuil0inu tu lfintqr:aoil0tn?dqn0
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gild z nr:rrir{ornr:rirurioutorfrrqt:oou [8]

9 | | | I ta
d5r{ilaqil nourtr {9t'loln l: [4.7]

fi'rryr: nourfJu fi'rryfi hi a rru r: n drupiaua v

;u fli' I o u l#il : v ar vr drL r'iat o I tL r1 u ti 6 n rir fl.: rfl u

ff'rryra^oafi rfiorJfrfi?o rrnfiri'u ar:1n1'ld'rioucTr{ ur n

6'.rriu nr: s,, ro iotujon rrJ?ru ratnrrrut{urlut o.r fi'rry

r: o o u6{ dr il r : cr n : a rir'16'rfi u.:i6 td u r I n u n I : in o r n

- ai | | q 
'f rdfr onilnouoonilt [u:3H']l{n:vil1ufl l:dalusl?

i o q{ - n:/a v | {cl
ry{ t u lJ 0 I r u I Fr u fl r : r\ e}r u I q il n : ni1 u n r : ot : r o in ri t.t 1

I

"l#arrur:niqld'ri"rfsfi 6'avlI rtsrr ttavttn:uilr [7]

o':rinr:fi fr'ndfi rtnsrd'orL ld'uuvriri6nr:iqil?ilrtuf{fi

o i n frr u: q o u lu o rnt:'l{il a r u il : c rn n un s'ld'fi'pl u r

{n^ofiu t:'fln'jr Indoor Radon and Radon Decay Product

Measurement Device Protocott lrrutld'tauorruyiGnr:'li

z uru ld'rui t:l
O Continuous Radon Monitors (CR)

O Alpha Track Detectors (AT or ATD)

O Electrets Ion Chamber Radon Detectors

(EC or ES, EL)

O Activated Charcoal Adsorption Devices (AC)

O Charcoal Liquid Scintillation Devices (LS)

O Grab Radon Sampling (GB, GC, GS)

Techniques

O Unfiltered Track Detectors (UT)
Y o @ qY la

fl r: d: r {rJ r9r: glud'r?r : lJ tsn?uquu:u lill

n r :'ld'iu fr r qr: q o lr 0 1 n A { rrx fl d'o ri il'{ n r fl 1 u rrn,

R r u u o fl o r n r : rir d'r 1 d'fu n ? 1 il du 1 o o d I { n {1 { I 1 1.t

yi.r lu r ra s si r.r rJ : v rn a uoi r1r o q or a u risr^t o { fi'l m: n o u
o q 9dr i .

rir hiril u n r : u r n fr 0 v ri r r'r u or " : v riu il fl fst (actlon
,, & j ^ 4' er'

level) lJUtJ"l ry{nilefl::tJ1tn1:UlU1U't9l?l9l?Ufl1:

fl olii'ud'u gr:tuotn;{fr (Intemational commission on

Radiological Protection: ICRP) 1d'1#{ouusriljr
- j o q e dr q ra oa I y

: s 9r u Yl Q fl fl 1 14 U 9r t fi [ lJ U : v 9l lJ il A U n U U 0 v 9l o.:

,i', n uorlr?fmo u uavslo r arur: on?uEu usorirsr tru

nt s A - '^-^.Y - q-Yq-.. 
''[ d' I n u fi : s 6'u rJ fl rior riu ar ru r : o un n ei t.t ri'1]'l d'l u usr a v

il:srns tzl lurrrrj:vrila'ld'finr:ririlue ":s6'u

dx6l (R"r".ence level)" durll 61,fl u:vd'1fi ldrfl u
tAtJaAgl

tniu ry| ra a u tsu 0 { n n I : fl Yl n u d.l t t?9t a 0 u I 0.1 lJ : 3 tYl fl

arigorruSnr (United States Environmental Protection

Agency : us EPA)'ld'rirnun:vd'ut:qounluluolnlt

isrurqdul{fi 148 runtnot:n/QnilrflrirtJet: (Bq m-3)

il r na : ? 0 il u'i I o I n r: ln fi ri I rfi u o r nd t s d'o.ri u n ri6

a n il 5 ru r su fr r ry t : n o u a { 1 #rir n'i r ri r 6'.r n ri r r I n u ri':

rui'jrlu il o lriu us EPA o g truv drld'ldurfl : nr: aer

n'r r il t{il {u t o.l t: q o u lu o 1 n 1 fl n I u lu o 1 n I : fi'no I fru

^",., l 
,

hi'finirsirn'ir + pci dofin:flo.totrtrd rtsin:vfu us

EpA fifr{rfio'ir hifi:vd'ut:noudilaoori'uo?i lil'ir
n ? r il r{u {u fl o { 6'r qt: er o u o r o qj 1 u : ; d'u 1o fi o r l tz l

cirnfulurJ: v rvrq'lilufll'hjfi nr: rjrxuprrirrutn: gru

n ? r il rdil {u fl u u,, o o u du 1 d 6'r : s d'rl fr tn u I c dtr rill

il : c rr a'l m a o r o o v q.: n'j r m 6 o cir n'j r ru r n : s I u lJ o.l
, j aa, vr' J J& - I e

rJ : v rm ao u 1 fl lilu tot Yl.: utuo q n il : e 0t iln ?lil tlltJfl u

n u.t,, 
" 

u u,o d u fr'? il : v tm a rud o I o r n il : s tvr glvr u fr { 1 il fi

n r : rit fi u e u r n : g r u : v 6'l n r r ru rr1ru rlu t o I fi't m: n o u
3 qr) a Ar aj e I I
rt u [s 0.t til u n 1 : gt Yt 0 s u 0 u : u u 1 9l : S I u fi'] 1 il tfl lJ tl u lJ o.l
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daaA
fl1ry1:910ufl0.1dfi:$otil:nlil:yqU 4 pCi flOOfl:

1, o.r o r fl r fl 1 il ri o u o u n 
-i I 0 y d I r., I : cl frfl u I rir H u e

:v6'ilu rer:g ruro.reruro iduurldluou rnn 1+1

0 rnnr: eil : ? r uil ri{ur: rfi uil lu rJ : vrnq'Iil fl

fl o { n: il il ;ilu r n: r : ii 1e1 n ri'j rrJ : v ril a'lm €Jfi r rH ci { ud
j i. - ,

u r : r fr fl il fr rf r ri'ry o d m a r u r r ri,r ri'r rl : s t vr a I q u r a il r y
a 4 qe4ds jj i ^u : tlril R rnril u 0 tra s R ]n tn 0 i u t 0 n I dvt 11 u yt lJ : r?6u

dr i jid- d hen{nar?osruuilu11ytilf,nur:00u q{ tq 0tnfl t:d]:20
ff'rryr:qouluornr: fi 6'.:il iqrrv'ti fi rir: rolqu
q.nrfnd :ruqn: rra&nily 1to1 6.rrirnr:rir:roff'rry

r:nouluoinr:rirur$ou :rs ild'{ 1u6'.rninrrni

tir:: o luEi':.r 16ou rilu ru u rra y roooufil':rn ru z54o

I rr u n r : r fr r d'r o d r { d'r u fl d'r u : : 1 ri r u fi'ru riu pi' u a s
i.--- 4 v e I v A
Jrn : r s ri : s e'l 1 n r r ru rriru {u drfl rn 5o,: u n il ri r - aril n Isr :
A/@y'

lLrsroj yrr:yrr'unrrrurdrudu6'.rusi +.oo dr rgo.zs run

rn o r: a/n n il r afl'ru er : ua v d dr rn o fo.r n.: r.r fi ri r 4.r rfi u

fi nrilrunrJaoed'u arufn- qtnrouaynily r l I I i{i'rir
-.. q d q 9 4nr: cir: rorirm: nouluornr:frurSou t. to+ r.rii'.r lu
t : tirrno ro{ 6'{ri5nrfru{:ru drnr: ?ir: roluEi:.r16ou

run:rnru-fi qu rJu 2543 ilu-jrn:rurclru{uto.: ff'rv
O o, Jr:orouluoror: frrird'.rrrsi +.oo fi,: 93.23 runrnor:a/

?ta9y)

e n u I fl n ril gt : ttd y ?r u 1 I : g Fl I n r I ru r"[ ru "[ u ro d u I o.l
A-....-, q io 4
nrryr: a ou tuo tnt: yt ottn orilo.r rtny ortn ortndn ru

' i"
a.: n irfr dr rn o n ou ?r d ?.r d'ruil : fi o r o fi 6m r yr a si o

:vd'ucio.rr:qou ldrrri iaqoror: oru rrayflr::slJrrr

ornro drufo u'::fiflel^ rra&fl€uy 1tz1 rirnr:rir:.10ff'rry

r:flouluornr:rlruriou iiiu.:u z,s:z rii'.: lu rc

dr rn o r o r 6'r m io rfi u.: 1 n ri vr u d r fl : v d'u n r r ru r{il c7u

-4 !t ' a / | @ 4 4 |
[anu tillnulnilcmUnoqflfl riorint l4g tuntflor:a/
q n il r fl ri'[ rJ er : r r qi n rj r fl : v ri'r n r r u rr?ru du u sr n si r.: ri'u

: y ri i r.: n a r u dr rn o o ti r.r fi riu cir ri'q n r,r a n n^ r r n y fi
2^-"t_.-.,4:" e @ 4 , o ja
lJ o a{ rfl n m il fi ? I u dt n i-Il n o n I': r u t I cj t rn o fr fr : s d'u
q vY Ifltryt:Fl0ud.t lqtrn oltRo9toul.too, 0otJyto{, aoq,

14 | i i aeI 0 u r9l I u a y dy trJ.t 0 q n 0 il I il m t.: l{-u yt qt o u I d t o.t

-l 4 j jiou dr i
0.1 1.1'l 9r ry{ r! u lt u 11 14 tJ fl fl u R I 1{ rlj U r r U A { r [ : U t: rU u rJ

n:e6 nnvr.rduasnflly II3] drnr:n::oielfrrryr:elou
qi

n tulu o rn t: uav fr od o tfrun1ulu nq{ lytv{rJl4 tun: rlau,,
rcrnfiufi1n#rfior :rru rzo r6'.:nrriou nrirfi
y 4 4<d

u'lu r: 0 u yt u fl lcrr: I o u d{ Inu fl ? trJ 1 9t :s 1 u us EPA

oqjdr :o il d'{nrriou ornfi ncirrrLli'.rnrLn ncirrld''ir
d I d q dt 4 q 9a

fl 1 : lro Ufl O.t fl tryr: q 0 u n tu lu 0 tn I : rlj ur: o i lfl afl ?

rfl u r?o.: fi rfi q du r ra v fi o qj lu, fi o u 4 n du fi n o r rl : v ryr fl
4 tl s ul'q9d I I

fl t: n ?ilfiut,t : olJo i nu lil [1.j n tryt: 9t 0ulxtq
o4<rd

9r 1 0 1 ft't : n o n I : 11 :'t u it.t ttl.i a { fl 1 tu 9l I o { n 1 ryl: ft 0 u

1uu',n r: riul rsiu dndro.r gr: rfi orLlufi u fi siu n',,
4 qYv I tJ dt I 4 d d r

tn 0 n tu?dq fl 0 d: r.: tlju glu tu0.t0 lfl ntryt: 9t0utj0uo
-g!lt'oq9/94lYt'l tilunil uttl.j i n t: yt I ll.io tn t: u tut: 0ulJ: tfl 0 tn
dsia4
nlu:er ou roudursn or'hiarrur: rrfi oyn:ydr ld' usi

14 d qY tq - i
n r : n't u n il il : u t €u fl I ryt: 9t 0 u t l.t 0 g [u : s I u 14 n4 u 1 g dtJ
4r q .l " uI a ad j,

rilu dlin arrutnn:yrit'ld rilnfrnrragiTnr:fr 1d1u
ad

nr : n ?tl n u : e ri'u ffr ryr: er o u luor n r: lufl o q rTu fi u qi

9 - o9 ! ad - j^ 
^n'runu 3 ilnflnt: l9trrn ']tnt:aqnrruautaflr9tu

(Active soil Depressurization: aOS) iGnf:o-finfiru6'u
4d

ttA&t0O0l'l Olnlfl tU0tnt: (Building Pressurization

and Dilution) r ra yiG n r:iJ o ri'u r #uvr r I r{rr o { fr rm: eto u

(Sealing Radon Entry Roure) [4,7]

i6nr:nnn?ril6'ildfrr6u lactive soil

Depressurizarion: ADS) rfl u i6 fi q n rh ru r ldun dri a ro

lu qi r.r rJ : y ryr s r d'n n r : r o.: i6 d n^o n r : d gr { n r ?y

n r tru siu st'r (Negative pressure) 1#rfi q du uirr 6u 1d'
^,&^- A - e e d Aeilil 0 I n r : s,tfl t't & q { na I 1 0 y u luil o i n u n tryyt ilu u I 0 I n
4 A U 9t tu a a d o a ilv{uau tHdrltf,9t20tn t: r€uurgtu':nunnt lf orntn

,t9

0 1 n o r n I :'l u a { vr^u o^ u n I : d it { n I ? & n r r ru ri'u cir du

n r u 1 u du o r n r : d r rJ I : o n : y yi r ki'l fl u n r : or^o d'r vi o n er

fi'tm:nou (Radon sucrion pttl fild'fiuoru',, ,iufi"orin
I e o I A'

sror{in'uyio: y uruornrfl fi a{nvqoon'hJa.:n rsu ofl ornrs
.ia
ry{OyUilflAilqq0lfltfl (Suction fan) :eU1UOOnd

n10u0n [4,7]
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ifr nr:d'nnrrrusiuuas16oox ornrflluornr:
il

(Building Pressurization and Dilution) 1finr:fild
u d'n nr : 16 ar ri'u fi'ri6 nos fi o n r: r1 o.r ri'u fi'r ryr: fl o u

ru7r rio rn r : I n uldn r r u d'u o r n r fl rfl u rn : rs usi r rn n qi r r
I

ri'u 1 u rvr o u^ n if; n r : n ci r': n' o i6 n r : fi o v rir h?n r nr d'u

o r nrfl n r u 1u o r n r : fi ri r a'r n'i rn r r ru 6'u n r uil o n o r n r :
il?rtarotntaornRruuonornli (Fresh airy fiqnrirrdr

rurnroluorn r:d'o rrurnn'irornrflfio n: v u rrJoo n'1il

(Exhaust atr) [a,71 ,
iG n r:fl q ri'u rdu vrr { rrh r o.r frrryt: n o u

(Sealing Radon Entry Route; ulutfl uiGnr:lnfl fl :llu
Sl-drtt4atL

fl r:rJo{nunrryr:qourdrdorfl r5 noont:fl q:oa:r
JAoadi

yt.l 14 tJ f] fl 0.t 0 I n 1 : tu 0.1 0 1 n tt H a { n] tu 9l fl 'l st: 91 0 u 14

tyd 4 4 a s d d rq
dlniumqo fl0 11u9ru tnunrryr590ullog tu9ru0s
J4 t, , y &
: ? cril l1 I q 0 1 fl 1 : il'l u vl l.l : 0 u tt gl fl : o u : I ? lJ o.l yl u

,9td'a o 4 a d'.:riuiGnr:lnun:{lunr:0 rn r: moqnoflulru9u

fl o r fi'u ff'r m: n o u uit {o rn r : fi o n t :il n : o u ili's r.r il q
.i d, Ii.r

fl o.: o r n r : fr ': ril u d.r fr ri r trftJ r n u r n a^{ o rn r : t u r q lm ni
9t 9 ; dt qrq'uly t@d4 i
olutla? u.lttylu 0vtlju lil tu lqlau [tglu.luo fl 1l l.:1'l u.t
j 

" vytL a ;' - i
yr fl 0 0& n : 3 vr.l lo u u n 0 q q : o u : ?ta il I e q n il a flcl 11

&9d'
ru u yt t.l rlj I fl o { fl I ryl: el o u ]q u o q il d'n fi n ? : fi n I : o a

;, vtt) | 9) I A ,

:ou: ? tqrtn : 0u:1?lJo.r11ufl u{ ttav l9ltsou9lofl o.1

ln:rair': (Expansion joints) fiufi:oueiolnu:outo.l
t99

I da 4 4 | @ q y

:&uu1loYt9t99t.l9.l1u1'lu fi:oglu:1n {1ufloflu.l tgl

1 dt u ' o a d ;. - ;
iluriluau [4,7] uila{n1tilqn1ryl:fi0uYldlnqmqq

6o n^u 6 u r: r o r 0 fi n r : 1 # ur.i u n a t asr^ n il io r rri u u r.r
A - 4 | o qv riC

su 9t v{ rfl u Yt d 1 u t : o n u n 1 : ctrlJ 
zu I u lJ o'l n 1 ry | o u vl lt u

Lt449lod
o 1n t: fl oullt n t: fl 0 ?,{ u 0 ln l: 1110 11 0 i nil n ls0 1 fl
!- il,
Y{ueturflrq0rnr: [7.14]

(tvvrlY
5. RICU|IOOUnU?dEnod:1{

d4i'-
u fl I : fl nu trlas { 1u ?0u1{ olu.l lu 1l il u'l-l1dq

riocflrrrfl u a rlflail uj.lto.r n]: tfin fi'rst: oo un rulu

o rn r: n^uuavfiufilrfluiqrsrFlmd'nlunr: ru6niae

ri o a 9r r riu fi ei r u lu n r : r J a pr rJ ci o a fi'r u: q o u tdt d

u : : rlr fl rf, rjiru r nr t o.r flr m: e o u d il d n il 6i o rio o n ru 1

J i ra 4l
0 I fl 9t lt rr a 3 fi u u u lJ u 0 u n il u : u t [lr tJ 0 .1 0 { n u : v n 0 u

U

,i,''
fl o.rrr:'qr:rfi uil (u-238) fi oqludurro;fi uriul 1 rs, tol

u o n 0 r n fi il;u r €u lJ o { frr crr: q o u fi il d Fr il ci o a o o n ru r

o r n 6 u u a v fi u fi 1 d1 u n r : ri r Taq ri o a ir.: oi r r 1 fl r r'u o qi
,9

fi'u rJ :^ rL r nr rir r r a v il ? il 1 ru n': r ru fi u fi o ti 1 u v o vi r.r u ? o

? rr E 
u fl o { 6 u ua v n^u 6 n d'': o t 1 5, 1 7l lil^o il;il r €u n ? r il fi u

,
1 u 6 u ri $ o fi u ru r n fl u rJ? ru r tu n r : rJ a n rJ ci o tr fl o { fr r cr

ddA
r:aoufl0ylJUrnlu u5,171

adl
r:rerrju ruu:{dliloiln:ilur:tfiuil fir-J€rurnrc9

,t q A y ,1, rn r rq 4q
u0utJtfl tudirt?qaoilYt? llJ tt9t Iuu1.:n:6u t1]

fl : v 1J ? u n 1 : yt I { q fl d I fi n : : il fi fi ri r u 1 u n r : rir 1#r fi n
dA,

fl 1 : fl ; drJ qJ o.: r: rer u rJ rr{ u 14u d{ dr 1 #t fi q n r : rJ a n rJ ci o u

ojj
I O.: nt ryt: 9t o u [r{ tJ fl u rsiu n t : ri fi n il d'{ { r u lv,l fl r

t

o r n n r : rH r rfi o rv{ d^ { il o d 6 a fl I : dt fi^ u r'l o a tyl el

(ca,n(Po.)6F,) rirrJfl fi?urfiiln:qdlu3iiu'ldn:el

r'l o a r,l o ? n 1 il ru 6 or { u rn fi rr a s 1 d'rl o a v,l o 0^ il du

r locaso .2H o) ri'rtii'rrirufiultav?'loddo0rjdru fi'42

r : r 6 u il d v d u o qj r u" o rir 1 rJ r il u ri r u r.r a ru I o { ;d E
I g) A o tl tqgt ta a q tt d tn0d:ti t4:our tlJ [51J:1JOU lfi:?UqUn03nO

L

rl u rfl o u 6'r u a r : fi'ru riu sr f 'r d n r n rir iaq ri o a flx fi fi
y I a 4 4 | r o rol rn r, .9 d

tfl I fl 'lU ?l U ?l : 0 lJl'l 0 dfl O U il ryil lil n O 6I:'l i O ln I : n 0v

rir 1 r{fi n r : rJ a o rJ ri o u ff'r ry r: Fr o u | {r d n I u 1 u o I n I :
Ieuer:.r t t sl fi .rrur^oudrirn r: ff nu rinulvrq:d r::or

d | 
' a ja

11.1H ttaenAle II8] Y{lJ'l1tttiunoun:flTufl'l:Fldu
,'or,l,rrrqrt

v'lo dvlouilryil il d9lil noufl 1ryt:ft0uilInn?1ltfl u
ojoytoi

fi o u fl : 9r Yl il n I : il dtJ t0 1 a 0 u [tn s il l'J ? I fl 1 ctrt: 9l o u Yl

rdJ
rJ ri o o o r n r r ni u n o u nE n fi fi ci ? u e.r d u t o { d o a rl o 0 rJ,i'ru

io oa v so'hl afi.r o r n r : r ruusrofl t t0 ? rrudo rir'lr}ir u':or

r j?rL r su n r : iu ai'rL eTa ri'ru riu sr :-{ fi sr a o q tr n r 1 fl (7,000
d, s q I io d ddrlull lurio.rfrruruuruavfinr:sutuotfltfl 0.35 eio

d?Itt.: oc'lddrf.rfifl{Ha:rufl (annual effective dose)

fi {oqjorfio ov kiirL :.2 na 66rifn 6.rrfi u rir4.r qor
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rir n ir rl : y m su ri': hi fi ri r u u n'l {n^o r fi a 66ri fsr si ofl
o JJo"ta d q

H d n I : fl fl u tus tfi r?tu I I t: tn ?: 9t : y 
1..t u n0.: fl 1: : y il9t|,

: v i.r lu nr: ririaq rioafr{fifinr: rJurfloilxo.: drt
fi'ru riusr f'r fi rur ld uo no r nfi &.: n r: : y firr : y i,: 1u n r: dl

aJ
o r1 n"'u ri r o .r r'l o r v'l o I rJ dru bJ 1 d1 u n r : rir q r 6 u r n^ o

d9)
fl1:[nun: fl:: lJo fl91']u

Keller rtdvfr€uy [19] ilnao':yirnt:finUtnr:
4 | d 1 rt d
ryil21Ufl 0'1fl tryt:q0u ttnenl:il aqilaoun tryt:910u

- jq yq I I o ao 
v

lt o { ? dq 11 | s tu n I : n o d#r { o I n r : lu.r r u io-ufi 1 d',

o < 4 rr d
m] n 1 : ftfl u I gl { n 1 : tt il : r^t I u fl o.: n 1 ryr: 9l 0 u f.l 1 u ? dE

doait.rmaro1ryfio unsnr:rJaqilrioufi'rm:oou lou

o v iq o o n il r 1 u : rl t o.r ri'ru rl : y fi m r-n r : r m d ldiff u'on
coefficient) ttas d'n : r nr : il ao rJ cio ufi'r ryr: qo u o o ntu l
(radon exhalarion rate) vw j I iaq rio a#r I fi s o il l#ff'lry

r: n o u 6il r.i r u o o n rL r'l d'fi x a rfl sfi a rdu fi n r rir u rJ u r r':
4l ,) q Aa 4 O tJca d I

ril u d'u ine fr fr rt ri rri n4 io n : I "lil $iril u o.: ri il : s n o u lu
il?rurara.: l ovarur:nil nnil aioufi'rm: er ou oonil r ld',
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