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ABSTRACT:

Inhalation of indoor has been recognized as one of The health hazards .

Building materials, natural gas and underground — derived water supply are
considered The major sources of indoor radon and its Daughters . In This work a
set of radon measurements was carried out, using CR-39 solid state nuclear track
detector , in different ~ compartments of dwelling in kirkuk built of The same
type of building materials . The results showed that Bathrooms and cellar have
higher radon concentrations levels compared with living rooms ,bedroom,
kitchen room and the out door levels. The results were within universally

permitted levels .
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INTRODUCTION:
Public exposure to radon and its radioactive daughters present in the

environment results in the largest contribution to the average effective dose
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received by human beings (UNSCEAR,1986). Recently It has been clearly
recognized that elevated levels of *’Rn could be present in certain types of
human dwellings. Under specific conditions, such as those existing in the
Uranium mining environment, the lung dose arising from the inhalation of *Rn
daughters can be sufficiently high as to cause an increase in lung cancer
occurrence .1t has been suggested that the indoor *’Rn concentration in the USA
Is responsible for about 10% of the total risk of lung cancer (FARID S.M ,1992).
As far as human dwellings are concerned the possible enhanced risk could be
expected only in a rather small fraction of homes depending essentially on the
building materials, ventilation features and soil characteristics. These factors are
directly responsible for enhanced input and subsequent stagnation of 222Rn in
indoor air (Subba etal 1990).Several countries have initiated large scale
measurements of prevailing indoor **’Rn levels in houses and the reported levels
range from a low of 9 Bg.m™ to a high value of the order of 200 Bg.m table(1)(
Bochicchio F etal 1996). The aims of present work to Measurements of Radon-

222 concentrations in dwellings of kirkuk city, Iraq



Table (1) previous internationally studies

Country ( region) of J| Number of houses Duration of exposure J| Average of
study Radon
concentration

1989-1990 [§ 1 year

1985-1986 [§ 6month in winter and
6month in summer
1990-1991 | 1 year

1978-1983 | 3month

Greece 1987-1994 [§ 6monthagp
Hungary 1985-1987 [§ 2.5 year

Italy 1989-1993 [} 1year

1985-1991 [§ lyear
Luxemburg 1991 || 1year
Y44Y-Y9AY I emonths

YAAE_)AAY |1year

Portugal 1989-1990 (f 1year
Egypt Y+ 1Yo 1 3month

Present work (Iraq) Y+«+All Imonth

Large scale measurements have been carried out to identify dwellings
concentration in excess of 190 Bg.m-3,which is the intervention level suggested
by the U.S.Environmental Protection Agency (EPA) (Subba Ramu MC and etal
1990)

The story of radon as a cause of lung cancer is a long one with historical
accounts documenting a fatal lung disease centuries ago in miners working in
the Erz Mountains of Eastern Europe . Over a century ago, the miners were
found to have thoracic malignancy, later identified as primary lung cancer. By
early in the 20th century, levels of radon in the mines in this region were
measured and found to be quite high; the hypothesis was soon advanced that
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radon was the cause of the unusually high rates of lung cancer. Although not
uniformly accepted initially, as the findings of epidemiologic studies of
underground miners were reported from the 1950s on, there soon was substantial
evidence showing that radon was a cause of occupational lung cancer (Jonathan
M. Samet,2000). In fact, the more recent concern about radon in the air of
homes was initially driven by the strong evidence that radon causes lung cancer
in underground miners. Radon is a noble and inert gas resulting from the decay
of naturally occurring uranium-238. With a half-life of over 3 days, radon has
time to diffuse through rock and soil after it forms and before undergoing further
decay into its particulate progeny. In mines, it enters the air from the ore or is
brought into the mine dissolved in water. In homes, the principal source is soil
gas, which penetrates through cracks or sumps in basements or around a
concrete slab,figure 1 (EUR 16123-1995) Because uranium-238 is universally

present in the earth, radon is a ubiquitous indoor air pollutant, and it is also
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Radon is an alpha emitter that decays with a half-life of about 3.5 days to a
short-lived series of progeny (Figure 2) (1). Unlike radon, the progeny are solid
and form into small molecular clusters or attach to aerosols in the air after their
formation. The inhaled particulate progeny may be deposited in the lung on the
respiratory epithelium; radon by contrast is largely exhaled, although some
radon is absorbed through the lung. Radon itself is not responsible for the
critical dose of radioactivity delivered to the lung that causes cancer. While
radon was initially thought to be the direct cause of the lung cancer in the
miners, Bale and Harley recognized in the early 1950s that alpha particle
emissions from radon progeny and not from radon itself were responsible for the
critical dose of radiation delivered to the lung. Alpha decays of two
radioisotopes in the decay chain, polonium-218 and polonium-214 (Figure 2),
deliver the energy to target cells in the respiratory \epithelium that is considered
to cause radon-associated lung cancer (National Research, 1991,). Alpha
particles, equivalent to a helium nucleus, are charged and have a high mass.
Although their range of penetration into tissues is limited, they are highly
effective at damaging the genetic material of cells. As reviewed in the report of
the BEIR VI Committee, passage of even a single alpha particle through a cell

can cause permanent genetic change in the cell.
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Figure 2.

The radon-decay chain. An arrow pointing downward indicates decay by alpha-particle
emission; an arrow pointing to the right indicates decay by beta-particle emission. Modified

from the National Research Council )(National Research, 1998).

Although radon progeny are now a well-recognized occupational carcinogen,
radon became a topic of controversy again in the 1970s and 1980s because it
was found to be a ubiquitous indoor air pollutant in homes, and recommended
control strategies in the United States and other countries included testing of
most homes and mitigation of those levels exceeding suggested guidelines (Cole
LA, ,1993). Indoor air is a dominant exposure for humans, where more than half
of the body's intake during a lifetime is air inhaled in the home. Thus, most

ilinesses related to environmental exposures stem from indoor air exposure
1



(Sharma N,Virk H S,2001). All building materials that originate from minerals
may contain amounts of radionuclides such as uranium and thorium, which are
created from their radioactive decay chains. Of these, the most significant is
radium (Ra-226). Presence of Ra-226 in building materials affects persons living
in dwellings either by inhalation of radon daughters, that decay from radium and
are released from the building materials to the indoor air, or by hard gamma
radiation released from the building material as a consequence of the radioactive
decay of the natural radionuclides (Sundal AV,strandt ,2004). In addition to the
building materials, the natural gas used domestically , the underground-derived
water supply and the cracks(EUR 16123-1995) Building materials are generally

the second main source of radon indoors .

Solid State Nuclear Track Detectors (SSNTDs) have been widely used for
the measurement of time integrated radon levels in dwellings under different
conditions. The track detector used for this purpose must be calibrated for
concentrations of radon and its daughters likely to be found in dwellings. The
CR-39 plastic detector used in the present study is sensitive to alpha energy up
to 40 MeV,

METHOD AND MATERALES:

This study includes indoor radon measurements in different compartments
(living room, bedroom, seller , outdoor, bathroom and kitchen) of( 6) houses.

All apartments have the same architectural design and finishing style,. The CR-
39 nuclear track detector with 250x10°m was used in this work. The detector
was fragmented into squares (1x1 cm), lightly cleaned with absolute alcohol and
then mounted in cans.110 CR-39-containing cans were used in triplets. Five sets
(20 cans) were placed in the living room, bedroom, kitchen, bathroom, cellar
and the balcony (as an outdoor) of each house. After one month exposure, cans

were collected, detectors were removed and then etched in 6.25N NaOH
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solution at 70°C for 3 hours. The track density was determined microscopically.
To determine radon concentration.
The shape and dimension of used dosimeters and calibration process of the
dosimeters take from the references (Rasas etal ,2005 ). In these survey, four
dosimeters were exposed for 30 day of *Ra (Radon source)of activity
concentration 800Bg/m® . It gives (2.12*10"Bq.day/m®) concentration for the
total exposure. The rooms Radon gases monitor was a NITON RAD7 2500
number of trackslcm®* was found in these calibration detectors Radon
concentration throughout pressed work are determined by the following
equation (Al-Kofahi M etal 1992, Khader B., 1990)
C(Bg/m®) =[ Co(Bq.d/m®) p] /[T po]

C, = The total exposure of ?°Ra(Radon source)in term Bg.d/m*

p, = track density number of track/cm? of deter exposed to?°Ra

p = track density( number of tracks/cm2)of distributed detectors.

T = exposure Tim (days)of distributed detectors.

RESULTS AND DISCUSSION :

The inhaled radon progeny passes from lungs into the blood and body tissues

may indicate many types of soft tissue cancers such as lung cancer, kidney
cancer and prostates cancer as well as leukemia, Melanoma and child cancers
(Pawel DJ. and Puskin JS. ,2004, Frederic Lagarde and etal 2002,).

Building materials are a potential source of radon. Due to its hazardous effect on
the health of man, many reports have investigated the indoor radon
concentration (-Songul A and etal , 1999). Considering the difference in the
design and finishing materials used indoor, we thought to further investigate
radon concentration in different compartments within the same apartments,
particularly the ventilation and finishing building materials may vary from one

compartment to another.



Radon concentration was measured using triplets of CR- 39-containing cans
during summer period. Table 2 shows the numbers of tracks per cm? in different
location . Figure 3,4 and table 3 show the values of radon concentrations in
different compartments (living room, bedroom, bathroom, caller, out door

and kitchen) of 5 different apartments. The radon concentrations recorded range
from 36.4 to 89.4 Bgm™, A significant variability, in radon concentrations, was
observed among different compartments (p<0.001). Compared to the outdoor
values all indoor compartments showed a significantly higher radon
concentration (p<0.001). The mean values of radon concentrations in living
rooms, bedrooms (1% floor, 2" floor, 3" floor ) bathrooms(1* floor, 2™ floor, 3"
floor ) , outdoor , caller and kitchens were: 58.088+5.72, (56.9+5.89,
56.89+5.36,57.068+5.58) ,(88.616+4.54 ,76.09+4.19,74.67+3.75) ,37.88+3.40
82.89+5.05, and 65.02+5.56 Bgm=™Also, the results indicate that radon
concentrations in some compartments like caller and bathrooms. It has also been
noticed that the concentration of radon in lower floors is more than the average
of its concentration in upper floors. This may be due to the fact that the average
of radon concentration near the surface of the earth is higher than its average
when far from it. in all apartments we investigated, were significantly higher
(p<0.001) than the radon concentrations measured in living rooms out door and
bedrooms, whereas no significant difference was observed between kitchens
versus bathrooms (p=0.25) and bedrooms versus kitchens (p=0.21). Although
kitchens and bathrooms are constructed mainly from the same skeletal building
materials (concrete and cement blocks), the finishing materials used in such
compartments, largely differ from that used in other locations within the same
apartment. Ceramic, in particular is used extensively to replace the traditional
painting materials, commonly used

in living and bedrooms . Previous reports have indicated that ceramic is a

potential source of radon, from where radon is mainly emerging from the decay



of thorium and uranium in these materials (. Kenawy etal, 2000). Another factor
explaining the high levels of radon and exhalation rates in these compartments,
are the poor ventilation status due to the relatively narrow openings. Using
natural gas in houses and supplying kitchens and bathrooms with water
originated from underground sources are considered as a potential source for
indoor radon (Hayam AbdelL Ghany,2005). Here we exclude the water-derived

radon as the houses we investigated were supplied with Nile water.

Table 2 number of track per cm? in different location

415 390 365 370 415

cellar

bathroom
1** floor
2" floor
3" floor

kitchen

living room

outdoor

Bedroom
1% floor
2" floor

3" floor

The back ground levels in the nuclear track detector CR-39 is equal to 50 track/cm2

Table 3 radon concentration in unit Bg/m?® in different location
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Figure 3 The radon concentration in different location of different houses
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Figure 4 The radon concentration in different location

CONCLUSIONS :

This work reports that bathroom and caller have relatively high radon content

compared to other compartments of the same dwelling. And the average of
radon concentration near the surface of the earth is higher than its average when
far from it, It is suggested that improvement of ventilation in such compartments

Is easily possible by simply reducing radon content of their ambient air.

VY



& 98 S Ajra ()Slusa Lﬁ G930 5a8) 5 Ll
Gosl) e Alllae adl; 5 cauadl Al ) L Laal
) pa - p tal) 26 - 6 5 el

il

2 g sall eldl g andall Sl g elil) o) gad ¢ Apaiall lalaall (e lasl g el I Sle (GLASTG) day
&2 O3 38155 Gl a3 Jaall 13 A ¢ ailulg s 050l U Sl A ) pobiae JSE5 =Y ol
OSLsal 4l (Slal (8 CR-39  Aaliall Allall (555l 3V CadlS aladiuly o o < Lipae 4
oSl b ) 55l i () i il ¢ gl oLl 3 ga e 55 S5 o 5SS A
i LS Sl L gldaall 5 o sl o8 5 Lmall Co g 8 Ll s e e oa cilalaall
S o (il Bt sl ) a1 s o A CSLN 8 530l e ) Lol 1
Ulias bl o) Liagl d jall e 5 (Ll (3 shall ) ia Y1 sedans (e el s (SLaYL 40 )l
Sl o1 sel Lalle L 7 yamaall il sisdll aria 8 Lo

REFERENSES:
1 — UNSCEAR,1986, united Nations Scientific Committee on Atomic Radiation
,sources and effects of ionizing radiation,A/AC-82/R,441 :113-120.

2 — S.M.FARID ,1992;Measurement of Concentration of Radon and its
daughters in dwellings using CR-39 nuclear tract detector —Journal of Islamic
Academy of Sciences 5:1 ,4-7.

3 — Subba Ramu MC, Ramachandran TV ,Muraleedhavan TS , Shaikh AN

,1990, indoor Levels of Radon Daughters in some High Background Areas in
India, Radiat prot Dosit ,30:41-44.

'Y



4 — Bochicchio F, Campos-Venuti G, Nuccetelli C, Piermattei S, Risica S,
Tommasino L, Torri G. 1996, Results of the representative Italian national
survey on radon indoors. Health Phys 71:741-748..

5 - — Subba Ramu MC, Shaik AN,Muraleedharan TS, Ramachandran TV ,1990,
Measurement of the Equilibrium Factor for ??Rn Daughters in Dwelling in

India, sci Tot environs 99:49-52.

6 — Jonathan M. Samet and George R. Eradze ,2000, Radon and lung cancer

Risk , Environmental Health perspectives supplements volume 108,Namber 8..

7 — EUR 16123-1995,european collabratlve action air qualty and impact on man

Environment Quality of live Report, 1995, No 15 (Radon in indoor air).

8 — National Research Council companion to BEIRIV Report. , 1991,
Washington, DC Nationals, (Academy press).

9 - Natinal Reserch Council Health Effects of Exposure to Radon (BEIR V1),
,1998,Washington ,DC : National, Academy press.

10 — Cole LA, ,1993,Elements of Risk ,the politics of Radon. Washington ,DC:

American Association for the Advancement of Science press.

11 — Sharma N,Virk H S,2001, Exhalation rate study of Radon /Thoron ,in some
bulding materials Radiation Measurement 34,704-469,.

12 — Sundal AV,strandt ,2004: indoor gamma radiation and radon concentration

In a vorwegian carbouatite are a J Environ Radon act , 77:175-189.

V¢



13-M.F.Rasas,S.S.Yassin and M.M,Shahat. ,2005, Measurement of Radon 222
and its daughters Concentrations in dwellings of Gaza strip, Palestine. Journal of

Islamic university of Gaza (Nataral Sciences series )vol.13.NO.2,p.9-18.

14 — Al-Kofahi M., Khader B., Lehlooh A., Kullab M., Abumurad K., and Al-
Bataina B., 1992, Measurement of -222of Radon in Journal Dwllings, Nucl.,
Tracks Radiation Measurement, NO.20, P:377-382.

15 — Khader B. , 1990, Radon-222 Concentration in the Dwellings, in Irbid
Region- Jordan ,Yarmouk Univ., Irbid M.Sc. Thesis.

16-Pawel DJ. and Puskin JS. ,2004, Health physics,87,68.

17. Frederic Lagarde , Rolf Falk ,Katinka Almren ,Fredrik Nyberg, Helena
Svensson and Goran Pershagen,2002, Gjlass-based radon —exposure assment
and lung cancer risk :journal of exposure analysis and environmental
epidemiology :;12, pp(344-354).

18 -Songul A Vaizolu, Caatay Guler , 1999, Indoor Radon Concentrations in
Ankara Dwellings. Indoor and built Environment, Vol 8:327-331,.

19. Kenawy MA, Ahmed Morsy A, Abdel Ghany HA, 2000, Measurements of
radon daughter plateout. Arab J Nucl Sci Appl, 34, 79-86 .

20- Hayam A. AbdelL Ghany,2005, Variability of radon concentrations in
different compartments of dwellings in Egypt :Medical Journal of Islamic World
Academy of Sciences 15:4, 153-156.

Yo



