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ESTIMATION OF THE EXCESS LIFETIME CANCER RISK FROM RADON EXPOSURE
IN SOME BUILDINGS OF KUFA TECHNICAL INSTITUTE, IRAQ

A number of international health organizations consider the exposure to residential radon as the second main cause
of lung cancer after cigarette smoking. For this, it was found that there is no data base on radon concentrations for the
Kufa Technical Institute buildings in literature. This therefore triggers a special need for radon measurement in some
Kufa Technical Institute buildings. This study aims to investigate the indoor radon levels inside the Kufa Technical
Institute buildings for the first time using different radon measurement methods such as active (RAD-7) and passive
methods (LR-115 Type Il). Seventy eight of Solid-State Nuclear Track Detectors (SSNTDs) LR-115 Type Il was
distributed at four buildings within the study area. The LR-115 Type Il detectors were exposed in the study area for
three months period. In parallel to the latter, seventy two active measurements were conducted using RAD-7 in the
same buildings for correlation investigation purposes between the two kinds of measurements (i.e. passive and
active).The results demonstrate that the radon concentrations were generally low, which are ranging from 38.4 to
77.2 Bg/m?, with a mean value of 50 Bg/m®. The mean of the equilibrium equivalent radon concentration and annual
effective dose were assessed to be 19.9 Bg/m® and 1.2 mS/y respectively; the excess lifetime lung cancer risk was
approximately 11.6 per million personal. A high correlation was found between the methods of measurements (i.e.
LR-115 Type Il and RAD-7), R? = 0.99 which is significant at P < 0.001. The results of this work revealed that that
Radon concentration was below the action level set by the United States Environmental Protection Agency of
148 Bg/m®. This therefore indicates that no radiological health hazard exists. However, the relatively high
concentrations in some classrooms can be addressed by the natural ventilation or the classrooms being supplied with
suction fans.
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Introduction the building. Radon gas can diffuse into a building
by several ways, however the most common ways

Humans are exposed to radiation from different are through the diffusion and pressure that driven

sources. An example of those sources is the naturally
occurring radioactive materials (NORM) that exists
in food, water and atmosphere. The biggest
proportion of natural radiation comes from a
radioactive gas which is known by radon whose its
chemical symbol is ??Rn. However, the annual
average effective dose of natural radiation that the
human is exposed is established to be 2.4 mSvly.
The radon contribution to this is estimated to be
around 1.2 mSv/ly [1]. The body exposure to
ionizing radiation from the above sources may cause
certain changes in the sensitive biological structures,
either directly by transferring of the energy to the
atoms of the tissue resulting in a chain of biological
changes; this is known by direct action of radiation
or by interacting with water molecules inside a cell
to produce free radicals. The free radicals are able to
diffuse over a distance to interact with the critical
biological targets and then causing intercellular
damages. The latter interaction is called indirect
action of radiation [2].

Buildings are generally having low indoor air
pressure compared with that of ground. This may, in
turn, leads to some soil gas to leak from ground into

flow from the ground beneath and straight off
adjacent to the building, providing an appropriate
ingress routes. The route of ingress of radon can
typically be described as holes and cracks in walls
and floors, and gaps exist nearer to cables and pipes.
In most dwellings with elevated indoor radon
concentrations  pressure-driven flow has been
recognized as the dominant mechanism of entry [3].
The indoor radon is naturally originated from soil,
building materials (rocks, sand, cement, etc.), and
water born transport, natural energy sources such as
gas and coal which include #®U traces. The
concentration of indoor radon depends mainly upon
radon exhalation from surrounding materials [4]. In
this context, radon gas is heavier than air, so it is not
often a problem within the higher stories or high
buildings [3]. Radon, Rn-222 (T ., = 3.82 days), is a
daughter product of **Ra, which is in turn derived
from the longer-lived antecedent, >®U. Thoron, Rn-
220 (T2 = 565) is a daughter of 2Th, which
presents in a big percentage in the earth’s crust than
radon. Because of thoron’s short half-life, it is
essentially gone before it leaves the ground, and it of
no significant radiobiologic consequences.
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The latter radionuclide series are existing in small
proportion within the environment (geologic time
scale). This owned to radioactive decay of their
parents, which has been recognized and understood
since the end of the last century [5]. There are many
methods that can be used for radon measurements.
These include solid-state nuclear track detectors
(SSNTD) which are considered to be the most
reliable technique for the determination of the radon
concentration; LR-115 cellulose nitrate Type 1l thin
films (CsH209N2) which is widely used as a radon
concentration measurement device. In this detector,
the color of track is seen as red and it is

characterized by being insensitive to electrons and
electromagnetic radiations [6]. Many previous
studies have focused on measuring the con-
centrations of radon in buildings were identified [6 -
10]. The aim of this work is to measure the radon
using SSNTD technique and estimation of excess in
cancer due to increment in radon gas.

The Area of Study

The Technical Institute of Kufa was established
in 1980 at a location of (32°3'34"N ) latitude and
(44°24'18"E) longitude with a total area of
268035m?[11] as seen in Fig. 1.

Fig. 1. Location of Kufa Technical Institute.

The Institute includes four health departments
namely: pharmacology, pathological analyses and
community health and nursing. It also includes three
engineering departments; these are electricity,
mechanics and automotive division (cars). In
addition to these departments, it contains the
administrative department and two departments of
agriculture that are specialized in plant and animal
production. The study area was chosen for a number
of reasons. First, these buildings are easy to access
and it is easy to deal with educated people that will
reduce the losses in distributed detectors; second, it
is easy to distribute and collect detectors in
governmental buildings compared with other public
places; finally, institutional buildings are highly
populated with people who exposed to radon as they
are spending long working time in the buildings. The
dwelling of this Technical Institute was built using
different materials. This includes cement, sand
stones, bricks, iron structure, marble, and concrete.
In this regards, building materials are another source
of radiation exposure (external and internal) in both
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dwelling and public buildings [3]. The external is
resulted from the emission of gamma rays from 28U
and #2Th series as well as from “°K radionuclides.
By contrast, the internal exposure is caused by the
inhalation of radon gas together with their short
lived decay products. In Irag, many studies have
been conducted to assess the radioactivity in
building materials that have been used in
construction of buildings of Kufa Technical
Institute, Irag. The results of specific activity of 28U,
22Th and “°K of certain local building materials in
the middle Euphrates of Iraq ranged between 32.9
(Najaf gypsum) to 179.32 Bg/kg (Karbala cement),
1.98 (Najaf sand) to 17.43 Bg/kg (Qadisiya brick)
and 108.73 (Karbala sand) to 977.79 Bg/kg (Najaf
bricks) respectively [12]. Some of them contribute
greatly to indoor radon emission. All buildings were
occupied throughout this measurement. It should be
noted that the studied buildings include a number of
storey (i.e. 2 or 3) which equipped with a central air
conditioning. Further to this, a considerable attention
has been given to the ventilation system taken into
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account the governmental rules for constructing
buildings aimed for residency. Nevertheless, it is
worth mention that radon, as a noble gas, being
heavier seven times than the air; therefore it is
practically suitable to place the detector at the lower
floor for good a measurement and for all buildings.

Materials and Methods

There are two different methods used to measure
the radon concentration. First, a passive technique
called solid state nuclear track detector (LR-115
Type 1I), and a continuous active radon sampling
such as RAD-7 detector. Further details on these two
techniques can be seen in the next sections.

Measurement of Radon Using Passive Method
(LR-115 Type Il Detector)

The radon dosimeter used in this work is made
up of plastic cup 10.0 cm in diameter and 13 cm in
depth, its cover includes a 0.5 cm hole sealed with a
piece of sponge with an area of 1x1 cm? and 0.5 cm
thickness, this configuration was necessary to
ensures that the thoron cannot reach the detector.
The plastic cup contains one LR-115 Type Il, 12 um
thick, cellulose nitrate based SSNTDs manufactured
by Kodak Pathe, France with an area of 1x1 cm?
fixed at the bottom by double-sided cello-tape. The
region indicated in the right side of figure (1) was
divided into 10 parts, in each part and according to
the size of building, six to fourteen dosimeters were
allocated. Specifically, the dosimeters were placed
in a sitting room at a height about (1 - 2) m above
the floor. The period of dosimeters’ exposure was 90
days extended from 1/11/2014 to 1/2/2015;
throughout this period, o-particles emitted by the
radon and their progeny which in turn bombard the
SSNTD films. After the irradiation, the exposed
films were etched in a NaOH solution with optimum
conditions (2.5N at 60°C for 2 hr, for LR-115 1l
films). After that, the track densities on the LR-115
Type Il SSNTD were determined by an optical
microscope. Each LR-115 Type Il detector was
scanned with five fields of views. The area of the
field of view was calculated using laptop and RZ
Camera application software. The software has three
functions: video process function, image process
function and image measure function. For each
detector the number of tracks was averaged over all
five fields of views. During this process care was
taken to distinguish between the tracks and dust
particles.

For dosimetry purposes, it is important to
measure the average radon concentration over time
which should be long enough relative to the typical
time scale of radon fluctuations caused by
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environmental conditions. The measured signal of
the etched track detectors is the integrated track
density as follows:

Track density (p(track/ cm?) =

_Average number of total pits (tracks)
B Area of field view

Y

where p is recorded on the detector, track/cm?; Cry is

the 2Rn concentration, Bg/m®, which was

determined using the following Egs. (i.e. 2, 3 and 4)
[13]:

track - cm?)

C(Bgq-m* :K{—p( } ,

( q ) t(day) i

(X, = X)?
o (50) = 25X ©

where C is ?’Rn concentration within the seals-cup
air above the detector, Bg/m®; C, is the activity of
standard sample, Bq - day - m3; p, is track density,
number of track - cm?, on the detector, exposed to
standard source; p is track density, number of
track - cm?, of the detectors exposed to the samples
under study; t is exposure time, days, and o, (S.D.) is
the standard deviation; K is the average value of the
calibration factor of 2?Rn. Bg/(m®-day) per
tracks - cm?, and t exposure time, day. K can be
obtained using Eqg. (4)

)

C,(Bq-day - m?)
k= p(track -cm?) @)

The calibration factor was obtained by exposing
reference dosimeters for a period of time ranged
from 5 - 30 days to *®Ra (Radon source) which
activity is 3.3 kBgq which was found to be
0.0217 +0.0013 track - cm™ per Bq - day - m®. The
latter value is approximately similar to that reported
in many previous works [14 - 17]. The resulting
concentration of short-lived radon daughters
expressed in term of an equilibrium-equivalent
radon concentration (EEC), that is related to the
activity concentration of radon (C) by the Eq. (5)
[18]:

EEC=C-F, ()

where F is an equilibrium factor which is equal 0.4
in indoor air. Now the Eq. (6) was used to calculate
the annual absorbed dose and effective dose rate
received by the population, according to the
UNSCEAR (2000) report [19], in this regard the
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committee proposed 9 - 10° mSv - m¥h - Bg to be
used as conversion factor [20]:

Dy, =C-D-H-F-T, (6)

where Dgy is the annual absorbed dose, mSvly; C is
the indoor radon concentration; D is the dose
conversion factor which is equal 9 - 10° mSv/m®/h x
x Bg; H is the indoor occupancy factor which is
equal 0.4; and T is the indoor occupancy time which
is equal 24 hr - 365 = 8760 hr/yr.

The annual effective dose He was calculated
according to the Eq. (7) [20]:

HE = DRn 'WR ‘WT ) (7)

where Wr and Wy are the radiation weighting factor
and tissue weighting factor respectively according to
ICRP, (Wr = 20) and (Wr =0.12).

Excess Lifetime Cancer Risk (ELCR) calculation
is also considered in this study. This can be defined
as potential carcinogenic effects that estimate the
probability of incidence of cancer in a population of
individuals for a specific lifetime from exposures
and dose-response data (i.e., slope factors). This is
achieved by multiplying the intake by the slope
factor. Then, the ELCR result is a matter of a
probability. The extra risk of developing cancer
owing to exposure to a toxic substance incurred
across the lifetime of an individual. Overall, the
ELCR deals with the probability of developing
cancer over a lifetime at a given exposure.

The ELCR per million persons per year (MPY)
was calculated using formula in Ref. [21]:

ELCR =H, -DL-RF, (8)

where DL is the duration of life (70 yr) and RF is the
risk factor (0.055 Sv') recommended by the ICRP
[21].

Measurement of Radon Using an Active Method
(RAD-7) Detector

In this study, six buildings were tested for
measuring radon concentration using RAD-7
technique taken from some locations of certain
buildings which were already tested by LR-115
Type Il detector. Sniff phase and circulation time
were set to be for one day in accordance with
running time of each path of the valve. For the
purpose of investigating the amount of radon
released from the sample to air, the sample was
placed in a closed cylinder which allows airborne
radon to be measured with a continuous monitor of
electrostatic type (RAD-7, Durridge company, USA)
[22].

Results and Discussions

The resulted data from LR-115 Type Il
measurements of the 14 buildings in Kufa Technical
Institute are presented in 14 Tables (from Table 1 to
Table 14). Each Table includes the minimum,
maximum and average of concentration of radon.
Also it includes information about the dosimeters
sample No and sample code.

Table 1. Observed indoor radon concentrations in school

No. | Sample Code _ Radon concentr_ations, Bg/m?®
Minimum Maximum Average = S.D

1 S1 48.7 63.7 58.0 + 6.4
2 S2 46.2 59.6 55.1+6.2
3 S3 50.0 83.3 62.6 £ 15.5
4 S4 53.1 87.1 645+ 154
5 S5 47.3 85.7 62.6 + 16.8

Average 49.1+26 75.9+13.1 60.6 +3.8

Table 2. Observed indoor radon concentrations in Student Housing

No. | Sample Code _ Radon concentrz_;ltions, Bg/m?®
Minimum Maximum Average = S.D

1 SHM1 52.6 62.0 56.1+4.1
2 SHM2 48.0 62.8 548+7.8
3 SHM3 435 62.2 520+7.7
4 SHM4 49.4 63.4 55.8+£6.0
5 SHMb5 39.3 61.3 51.0+9.0

Average 46.6 +£5.2 62.3+0.8 53.9+2.3
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Table 3. Observed indoor radon concentrations in Agricultural Department

No. | Sample Code _ Radon concentr{;\tions, Bg/m?3
' Minimum Maximum Average = S.D
1 AG1 49.5 86.6 64.6 +18.0
2 AG2 35.3 56.5 43.1+£95
3 AG3 53.3 77.0 63.4+11.0
4 AG4 35.5 50.0 42.7+6.8
Average 43.4+9.3 675+17.1 535+12.1
Table 4. Observed indoor radon concentrations in Nursing Department
Radon concentrations, Bg/m?®
No. | Sample Code Minimum Maximum Average +S.D
1 N1 24.3 32.3 275+35
2 N2 35.6 58.9 42.8+10.9
3 N3 52.9 65.7 62.3£6.2
4 N4 20.2 34.2 28.6 £6.5
5 N5 34.9 49.8 42,6 6.8
Average 33.6+12.7 48.2+14.7 40.8+14.1
Table 5. Observed indoor radon concentrations in Computer Center
Radon concentrations. Bg/m?®
No. | Sample Code Minimum Maximum Average = S.D
1 Cl 48.8 62.3 54.3+6.5
2 C2 52.0 57.8 55.4+2.6
3 C3 50.5 58.3 55.8+3.6
4 C4 44.3 62.3 549+79
5 C5 48.5 60.8 56.7 5.6
6 C6 57.3 85.5 64.4+£14.0
Average 50.2+4.3 64.5+10.4 56.9 +3.7

Table 6. Observed indoor radon concentrations in Administrative Department

NO Sample Code _ Radon concentrgtions, Bg/m?3
' Minimum Maximum Average £ S.D
1 AD1 33.1 65.2 48.7 £15.7
2 AD2 215 32.8 29.3+5.3
3 AD3 29.9 43.9 35.7+5.8
4 AD4 23.7 68.0 39.8+19.5
Average 27.0+5.3 525+16.9 38.4+8.1
Table 7. Observed indoor radon concentrations in Institute Deanship
Radon Concentrations, Bg/m®
No. Sample Code Minimum Maximum Average +S.D
1 ID1 29.1 55.7 43.4+11.7
2 ID2 33.1 60.0 46.1+11.1
3 ID3 31.2 50.2 40977
4 ID4 425 73.3 56.2 +12.7
5 ID5 37.9 49.5 41.7+53
6 ID6 14.8 69.0 345+245
7 ID7 18.4 47.1 34.4+143
8 ID8 35.5 51.0 435+6.8
9 ID9 51.8 66.9 56.9 £ 6.9
10 ID10 27.2 79.1 60.4 £ 23.5
11 ID11 34.5 40.5 37.5+3.3
12 ID12 30.1 39.8 33.7+4.4
13 ID13 22.0 83.0 49.4 £ 25.7
14 ID14 49.3 60.9 53.9+£5.2
Average 32.7+10.6 59.0 +13.7 452 +8.9
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Table 8. Observed indoor radon concentrations in Pharmacy Department

No. Sample Code _ Radon Concer?trations, Bg/m?®
Minimum Maximum Average = S.D

1 P1 36.4 41.6 38.7+21
2 P2 44.9 62.1 54.0+7.1
3 P3 38.5 41.8 403+16
4 P4 47.7 59.8 56.0+5.5
5 P5 31.2 42.2 36.2+4.6
6 P6 39.0 55.3 47.0+7.2

Average 39.6+5.9 50.5+9.6 454 +8.2

Table 9. Observed indoor radon concentrations in Health and Analyses Departments

No. Sample Code _ Radon Conceqtrations, Bg/m?®
Minimum Maximum Average = S.D
1 HAl 47.0 96.7 68.6 £ 21.6
2 HA2 34.9 55.7 446 £9.5
3 HA3 36.1 58.8 46.1+11.2
4 HA4 36.5 56.4 458 +10.5
5 HA5 30.1 69.4 43.9+17.8
6 HAG 39.6 60.2 45.6 +£9.7
7 HA7 37.1 56.6 46.4 +8.0
8 HA8 38.8 46.5 43.0+3.2
9 HA9 415 54.6 46.4+£57
10 HA10 41.8 53.4 45.6 +5.3
11 HA11 39.1 58.8 452+9.1
12 HA12 41.1 50.0 44,7+ 3.8
Average 38.6+4.2 59.8+£12.9 47.2+6.8
Table 10. Observed indoor radon concentrations in Electric Department
Radon Concentrations, Bg/m®
No. Sample Code Minimum Maximum Average = S.D
1 El 21.1 53.4 41.4+15.1
2 E2 24.9 38.5 29.5+6.0
3 E3 26.0 46.3 31.6+9.8
4 E4 29.2 63.3 46.6 +14.1
5 E5 27.3 41.1 33.4+6.2
6 E6 31.9 50.1 435+9.3
7 E7 40.4 61.1 50.1+10.7
8 E8 28.0 40.1 33.4+5.0
Average 28.6+5.7 49.2+9.8 38.7+7.6
Table 11. Observed indoor radon concentrations in Workshops
Radon Concentrations, Bg/m?®
No. Sample Code Minimum Maximum Average = S.D
1 w1 76.3 89.1 82.7+6.7
2 W2 60.8 87.3 71.6+11.3
3 W3 67.6 91.3 745+11.2
4 W4 68.3 92.6 79.9+12.8
Average 68.3 +£6.3 90.1+2.3 77.2+5.0
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Table 12. Observed indoor radon concentrations in Mechanics Department

No Sample Code _ Radon Con_centrations, Bg/m?
' Minimum Maximum Average = S.D
1 M1 50.6 60.5 55.6+4.8
2 M2 29.2 48.1 37.0+8.6
3 M3 47.1 54.8 51.8+3.2
4 M4 43.3 56.4 48.1+5.9
5 M5 374 69.6 49.7+13.9
6 M6 28.7 51.2 41.8+9.7
Average 39.4+£9.2 56.8+7.5 47.3+6.7
Table 13. Observed indoor radon concentrations in Cars Department
Radon Concentrations, Bg/m®
No. Sample Code Minimum Maximum Average = S.D
1 CD1 51.6 62.4 57.1+4.8
2 CD2 34.9 56.8 455+8.9
3 CD3 53.6 63.6 58.9+5.0
4 CD4 39.2 57.5 50.5+8.4
5 CD5 36.5 57.8 47.0+10.4
6 CD6 47.8 59.1 53.3+6.1
Average 43.9+8.0 59.5+27 52.0+5.3

Table 14. Observed indoor radon concentrations in Healthy Technical Deanship

No sample Code _ Radon Con_centrations, Bg/m?®
' Minimum Maximum Average = S.D

1 HD1 27.1 36.5 31.7+3.8
2 HD2 37.9 53.6 46.4+8.6
3 HD3 34.4 48.9 41.8+7.4
4 HD4 29.2 34.8 31.7+£25
5 HD5 33.9 53.0 38.9+9.3
6 HD6 30.0 42.8 38.4+5.8
7 HD7 21.0 43.9 30.8+£9.5
8 HD38 45.3 63.7 55475
9 HD9 21.7 70.8 50.6 + 23.6
10 HD10 374 62.4 52.4+£10.8
Average 31.8+75 51.0+11.9 41.8+9.0

The results obtained from the 94 LR-115 Type Il
detectors demonstrated that the radon concentration
in a fourteen buildings of Kufa Technical Institute,
Irag varied from (38.4) to (77.2) with an average of
(50) Bg/m?®, this finding can still be considered
within normal limits and below the action level of
buildings set by the international environment
organizations which is 148 Bg/m® [23]. The average
radon concentration obtained in this study was
compared with other similar studies in literature that
can be seen in references [24 - 28]. The difference
between our study and those mentioned in literature
are attributed to the variations in the factors that
determine indoor radon concentrations such as the
building material, ventilation rate and most
importantly is the geology factor. In fact, this study
can be considered as the first attempt to evaluate the
risk that is related to radon existence in buildings of
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Kufa Technical Institute, Iraq. The total number of
locations measured should be extended in the future.

Table 15 shows the relation between the average
value of the ??Rn EEC, the annual effective dose
equivalent (AEDE) and ELCR per million persons
per year for buildings under study with building
code.

From Table 15, the range of the average
equilibrium equivalent 2Rn were found to be (15.3
- 30.8) Bg/m?®, while the range of the average of the
annual effective dose were found to be (0.9 -
1.9) mSvly. Additionally, and according to our
estimations, the Excess Lung Cancer in all buildings
of Kufa Technical Institute, Irag was found to range
from (8.9 to 18.0) with an average value of 11.6 per
million persons. The maximum value of annual
effective dose was 1.9 mSvly, this value is
indeed low when compared to the global limit
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Table 15. Observed Average of EEC, AEDE and ELCR duo to indoor radon concentrations
in Buildings under Study

No. Building of Code EEC, Bg/m?® AEDE, mSvly ELCR
1 S 24.2 1.5 14.1
2 SH 21.5 1.3 12.5
3 AG 214 1.3 12.4
4 N 16.3 1.0 9.5
5 C 22.7 1.4 13.2
6 AD 15.3 0.9 8.9
7 ID 18.0 1.1 10.5
8 P 18.1 1.1 10.5
9 HA 18.8 1.1 11.0
10 E 154 0.9 9.0
11 w 30.8 1.9 18.0
12 M 18.9 1.1 11.0
13 CD 20.8 1.3 12.1
14 HD 16.7 1.0 9.7

Average 19.9+3.8 1.2+0.2 11.6+£2.1

(i.e. range 1 - 3) mSv/y [19]. We believe that this
low value of the effective dose is related to low
value of radon concentrations occupancy rate, while
the average percentage value of the Excess Lung
Cancer in all buildings of Kufa Technical Institute,
Irag was about 11.6 per million persons, associated
to a chronic exposure to indoor radon. As the risk of
lung cancer increases with increasing radon
exposure, the preferred measure of this risk is the
long-term average radon level. By way of
comparison, the average values of ELCR results of
the current study found to be lower than those in
Kerbala which is 12.3 [29] (i.e. other Iragi city —
80 km north-west to the studied area) and of
Kurdistan at 19.4 [31] (500 km north to the studied
area). However, the current ELCR findings were
higher than those reported in Baghdad at 1.7

(150 km north-east to the studied area) [31]. Fig. 2
compares between the average radon concentrations
in six buildings of studied area using LR-115 Type
Il and RAD-7 detector. As can be seen from the data
plotted in Fig. 3, a high linear correlation (R = 0.99)
between long term passive detectors using LR-115
Type Il and short term active detector using RAD-7
for indoor radon concentration measurements. The
slope of the linear trend between long and short
measurements is 1.02. For LR-115 Type Il the
measurements were conducted in around 3 months,
and for RAD-7 the measurement was conducted for
around 24 hr. This may indicate that the radon
concentrations in case of buildings can be estimated
using either long-term measurements of the LR-115
Type 1l or using short term measurements of the
RAD-7 technique.

Healthy Technical Deanship

Mechanics Department

Electric Department

Pharmacy Department

Institute Deanship

Name of Building

Agricultural Department

W LR-115 Type |l
355 RAD-7
43.3
N 443
55.3
! 539
35.3
| 343

10

20

30 50 60

Radon concentrations, Bg/m?3

Fig. 2. Comparison of RAD-7 and LR-115 Type Il results.
(See color Figure on the journal website.)
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Fig. 3. Correlation between LR-115 Type 1l and RAD-7 measurements of indoor radon concentration.

Conclusions

Indoor radon concentration and excess relative
risk of cancer were estimated for the residents of
district Buildings of Kufa Technical Institute, Irag.
The measured indoor radon concentrations and
calculated annual effective dose are found to be
within acceptable ranges, according to the US EPA

(148 Bg/m®) and UNSCEAR (1 - 3 mSv/y). Also, it
is found that the buildings in district are
characterized by low radon, so the people who live
in those buildings are subject to relatively low risk
factor of radon induced cancer. Finally, all the
buildings investigated are within the safe limits of
radon exposure.

REFERENCES

1. Mohammed Kassim. Method development and
determination of radon activity concentration in
water using gamma spectrometry technique. MSc
Thesis (University Technology Mara, 2012).

2. Wei Han, K.N. Yu. lonizing radiation, DNA double
strand break and mutation. In: Advances in Genetics
Research. Vol.4. Ed. V.Kevin Urbano (Nova
Science Publishers, Inc., 2010).

3. Radon in existing building. Corrective options
(Dublin: Brunswick Press Ltd., 2002) 30 p.

4. A.B. Ammar et al. Indoor radon concentration
measurement in selected factories in Northern and
Central Iraq. Journal of Environment and Earth
Science 3(3) (2013) 105.

5. S.A. Rahimi, B. Nikpour. Measurement of Radon
Concentration of Air Samples and Estimating
Radiation Dose from Radon in SARI Province.
Universal Journal of Public Health 1-2 (2013) 26.

6. LV. Yarmoshenko, G.P. Malinovsky. Lung cancer
mortality and radon exposure in Russia. Nukleonika
61(3) (2016) 263.

7. Deepak Verma, M.S. Khan. Assessment of indoor
radon, thoron their progeny in dwelling of Bareilly
city of Northern India using track etch detectors.
Rom. Journ. Phys. 59(1-2) (2014) 172.

8. Mamta Gupta, A.K. Mahur, K.D. Verma. Indoor
radon levels in some dwellings surrounding the
National Thermal Power Corporations (NTPCs),
India. Advances in Applied Science Research 3(3)
(2012) 1262.

9. Mohamed Abd-Elzaher. An overview on studying

284

222Rn exhalation rates using passive technique solid-
state nuclear track detectors. American Journal of
Applied Sciences 9(10) (2012) 1653.

10. Prabhjot Singha et al. A study of indoor radon,
thoron and their progeny measurement in Tosham
region Haryana, India. Journal of Radiation
Research and Applied Sciences 8(2) (2015) 226.

11. Ali Abid Abojassim Al-Hamidawi. Monitoring of
220Rn concentrations in buildings of Kufa Technical
Institute, Irag. Science and Technology of Nuclear
Installations 2015 (2015) 738019.

12. H.H. Hussain et al. Natural radioactivity of some
local building materials in the middle Euphrates of
Irag. Journal of Radioanalytic and Nuclear
Chemistry 284 (2010) 43.

13. Ali Abid Abojassim et al. Radiological parameters
due to radon-222 in soil samples at Baghdad
Governorate (Karakh), Irag. Pak. J. Sci. Ind. Res.
Ser. A: Phys. Sci. 60(2) (2017) 72.

14. K.P. Eappen, Y.S. Mayya. Calibration factors for
LR-115 (Type-I1) based radon thoron discriminating
dosimeter. Radiation Measurements 38 (2004) 5.

15. A.A. Abojassim et al. The effective radium content
and radon exhalation rate in hair dyes samples.
International Journal of Radiation Research 15(2)
(2017) 207.

16. H.N. Hady, A.A. Abojassim, Z.B. Mohammed.
Study of radon levels in fruits samples using LR-115
Type 1l detector. J. Environ. Sci. Technol. 9(6)
(2016) 446.

17. Vikas Duggal, Asha Rani, Rohit Mehra. A study of

ISSN 1818-331X NUCLEAR PHYSICS AND ATOMIC ENERGY 2017 Vol. 18 No. 3


https://www.facebook.com/zahed.hussien
Article
Article
Article
Book
Book
http://iiste.org/Journals/index.php/JEES/article/view/5007
http://iiste.org/Journals/index.php/JEES/article/view/5007
http://doi.org/10.13189/ujph.2013.010203
http://doi.org/10.1515/nuka-2016-0044
http://doi.org/10.1515/nuka-2016-0044
http://www.nipne.ro/rjp/2014_59_1-2/0172_0182.pdf
Article
Article
http://doi.org/10.3844/ajassp.2012.1653.1659
http://doi.org/10.3844/ajassp.2012.1653.1659
https://doi.org/10.1016/j.jrras.2015.01.008
https://doi.org/10.1016/j.jrras.2015.01.008
http://dx.doi.org/10.1155/2015/738019
http://dx.doi.org/10.1155/2015/738019
https://doi.org/10.1007/s10967-010-0464-1
https://doi.org/10.1007/s10967-010-0464-1
Abstract
Abstract
https://doi.org/10.1016/j.radmeas.2003.09.003
https://ijrr.com/article-1-1965-en.pdf
https://ijrr.com/article-1-1965-en.pdf
https://doi.org/10.3923/jest.2016.446.451
https://doi.org/10.3923/jest.2016.446.451

ESTIMATION OF THE EXCESS LIFETIME CANCER RISK

seasonal variations of radon levels in different types
of dwellings in Sri Ganganagar district, Rajasthan.
Journal of Radiation Research and Applied Sciences
7 (2014) 201.

24,

A. Malanca, R. Fava, L. Gaidolfi. Indoor radon
levels in Kindergartens and play-schools from the
Province of Parma. J. Environ. Radioactivity 40
(1998) 1.

18. M.S.A. Khan, M. Tarig, R.B.S. Rawat. Preliminary  25. K. Dabayneh. Indoor radon concentration measure-
measurements of radon radiations in “Bare Mode” in ments in Tarqumia Girl schools at Western Hebron
Rampur district of Western U.P. (India). IOSR Region, Palestine. Isotope and Rad. Res. 38 (2006)
Journal of Applied Physics 1(4) (2012) 4. 1067.

19. United Nations. Sources and Effects of lonizing 26. S. Labidi et al. Radon in elementary schools in
Radiation. United Nations Scientific Committee on Tunisia. Radioprotection 45 (2010) 209.
the Effects of Atomic Radiation. UNSCEAR 2000 27. R.l. Obed et al. Radon measurements by nuclear
Report to the General Assembly, with annexes (New track detectors in secondary schools in Oke-Ogun
York: United Nations, 2000). region, Nigeria. Journal of Environmental Radio-

20. I. Nsiah-Akoto et al. Indoor radon levels and the activity 102 (2011) 1012.
associated effective dose rate determination at dome  28. A.A. Abdulhussan et al. Measurement of radon
in the Greater Accra Region of Ghana. Research concentrations for some houses in Al-Najaf
Journal of Environmental and Earth Sciences 3(2) city/lrag. Iragi Journal of Physics 11(22) (2013) 51.
(2011) 124. 29. E.J. Mohammed. Radon concentrations in some soil

21. Evolution of ICRP Recommendations 1977, 1990 and air samples of dwellings in Karbala City and
and 2007. Changes in Underlying Science and influencing factors on lung cancer risks using CR-
Protection Policy and their Impact on European and 39. MSc Thesis (University of Kerbala College of
UK Domestic Regulation. NEA No. 6920 (OECD, Science, 2016).

2011) 117 p. 30. F.S. Najeba, S.J. Mohamad. Higher levels of radon

22. RAD-7™ Electronic Radon Detector. Manual affect women's fertility in Iraqi Kurdistan. Polish
version 6.0.1. (Durridge Company Inc., 2010). Journal of Environmental Studies 22(4) (2013) 1163.

23. Radon Measurements in School. Revised Edition. 31. F.T. Nada, O.R. Noora, A.A. Asmaa. Measurement

United States Environmental Protection Agency.
Office of Air and Radiation (6604J). EPA Document
#402-R-92-014. July 1993.

of indoor radon concentration in various dwellings
of Baghdad Irag. International Journal of Physics
3(5) (2015) 202.

Adti AGig AGomxacim® *, Xycen A6ig Aai Mpaiitil, Apuan Aui Iycaiin’, Maiik Byn?

Y Vunisepcumem Kygu, paxynromem ¢pisuxu, Kygha, Ipax
2 [IIxona Hayk npo HasKOTUWHE cepedosuuje ma scummsl, Yuisepcumem Canghopdy, Benuxobpumanis

“Bignosimansauii agrop: ali.alhameedawi@uokufa.edu.iq

OIIHKA OHKOJIOI'TYHOI'O PU3UKY BIJI PAIOHHOI'O OITPOMIHEHHAA
Y JEAKHUX BY AIBJIAX TEXHIYHOI'O IHCTUTYTY KY®U, IPAK

Psin MiKHapoJHUX OpraHizaiiii 3 OXOPOHH 3[0POB’S PO3MIISAAAE BIUIMB KUTIOBOTO PAJIOHYy SIK JPYry OCHOBHY
MIPUYUHY paKy JeTeHIB Micist KypiHHS curapeT. byimo BcraHOBIEHO, M0 0a3W JaHUX IIONO KOHICHTpPALil pajoHy Iyt
Oyaisens Texnignoro inctutyty Kydwu B miteparypi Hemae. OTxe, icHye moTpeba y TakMX BHMipIOBaHHIX. MeToro
JIAHOTO JIOCTIJDKEHHS € BUBYEHHS BHYTPIIIHIX piBHIB pajgoHy B OyxiBimsx Texuiunoro incturyty Kydwm Bmepme 3a
JIOTIOMOT'0I0 PI3HUX METO/IiB BUMIPIOBaHHS pajoHy, TakuX sk akTuBHI (RAD-7) Ta nmacusni meromu (LR-115 Tum II).
78 TBepAOTUILHUX sinepHO-TpeKoBuX AeTekTopiB (SSNTD) LR-115 tumy II Oyno BcTaHOBIEHO HA YOTHPHOX OYAIBISIX Y
JociiKyBaHiil obmacti. Lli qeTekTopu HaKONHYyBaJIM OIPOMIHEHHS MPOTATOM TphoX MicsIiB. [lapanensHo 3 1M Oyio
MPOBEACHO /2 IBa AKTUBHUX BHMIPIOBaHHA 3 BHKOPHUCTaHHSAM JHeTeKTopiB RAD-7 y Tux e OyAWHKax s
JOCIIKSHHS KOPEJLAIii Mi>K JBOMa BUIAMH BHUMipIOBaHb (TOOTO MMACHBHUMH T4 aKTUBHUMH). Pe3ynmpTaTu MOKa3yoTh,
IO KOHIEHTPaLii pagoHy OyJM 3araaoM HH3LKUMH, 10 KOIHBAIOThCA Bix 38,4 mo 77,2 Br/MS, i3 cepeqHiM 3HAYEHHAM
50 Bk/m®. Cepenne 3Ha4YeHHs PIBHOBAYXKHOTO EKBIBAJIEHTY KOHIIEHTpALii pajloHy Ta PiuHOT e)eKTUBHOT 031 OLIHEH] K
19,9 Br/m® Ta 1,2 M3B/piK BiANOBIJHO; PU3NK BUHUKHEHHS PaKy JIETEHIB CTAHOBUTHL NPUOM3HO 11,6 Ha 1 MijibiioH.
BusiBIeHO BHCOKY KOPEISIIIiF0 MiX METOAaMH BHMipioBaHb (To6TO 3a momomororo LR-115 tumy II ta RAD-7),
R? = 0,99, mo € 3HAYHIM npu P < 0,001. Pesynbratu 1iei poOOTH MOKa3any, MO0 KOHIEHTPAIliS PaJOHy € HIDKYE
KPUTHYHOTO pIBHS, YCTaHOBJICHOTO ATEHTCTBOM OXOpPOHHM HAaBKOJHMINHBOro cepepoBuma CromydyeHux Lllratis
Awmepuku, 148 Br/mM3. OTke, 1€ CBIYUTH PO BiACYTHICTL PaioNorivHOi HEGE3NEKH ISt 310poB’s. BiHOCHO BHMCOKI
KOHIICHTpAIIIl B IeIKMX KaOiHeTax MOXKYTh OYTH 3MEHIIICHI 3a JOTIOMOI'0I0 MPUPOIHOT BEHTHIIALIT a00 BCTAHOBJICHHSIM

BEHTWJISITOPIB i3 QYHKIII€I0 TOTIIMHAHHSL.
Kniouosi crosa: KOHIGHTpallis PaioHy, HAJUIMILIOK PU3MKY sl JiereHiB, Oyisii TexHiuHoro inctutyTy Kydu.
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OIIEHKA OHKOJIOI'HMYECKOI'O PUCKA OT PAJOHHOT'O OBJIYYEHUA
B HEKOTOPBIX CTPOEHUAX TEXHUYECKOI'O HHCTUTYTA KY®bI, HPAK

Psn MexmyHapoIOHBIX OpraHU3aIlMi MO OXpaHEe 37I0POBBS PAacCMATPHUBAET BIMSHHUE KXHUIOTO pajloHa KaKk BTOPYIO
OCHOBHYIO IPUYMHY paka JIETKHX IHOocje KypeHus curapeT. bouio ycTaHOBIEHO, 9TO 0a3bl JaHHBIX MO KOHIIEHTpalUU
panona ans crpoennii Texanueckoro uucrutyta Kydsr B nmuteparype Hetr. Takum o6pas3om, cymiecTByeT HOTpeOHOCTD
B TakuX M3MepeHusx. Llenblo maHHOTO HcclienoBaHUsl ObUIO M3ydeHHE BHYTPEHHUX YPOBHEH pajioHa B CTPOEHHSX
Texunueckoro uHcTuTyTa Kydbl BriepBhIe ¢ MOMOIIBIO pa3HBIX METOJOB M3MEPEHUs PaJjoHa, TAKHX KaK aKTHBHBIE
(RAD-7) u maccuBHble MeToabl (LR-115 tum II). 78 TBepmoTenbHBIX SIepHO-TPEKOBHIX neTekTopoB (SSNTD) LR-115
tuna Il OpUTO yCTAaHOBIIEHO Ha YETHIPEX CTPOCHUSX B UCCIENYeMOi 001acTH. DTH NeTEKTOPhl HAKAIUTMBAIN O0IydeHNne
Ha MPOTSDKEHHUHU Tpex Mecsies. [lapamiensHo ¢ 3TUM OBUIO NMPOBENEHO 72 aKTUBHBIX U3MEPEHUS C HCIOJIb30BAHUEM
netekTopoB RAD-7 B Tex ke CTPOCHHUSX IS MCCIENOBAHUS KOPPEIAIMA MEXIy HBYMsS BHUAaMH H3MEpEHHUH (T.e.
TTACCHBHBIMH ¥ aKTUBHBIMH). Pe3ympTaThl MOKa3bIBAIOT, YTO KOHIEHTPAUN paJioHa ObUIM B 00IIeM HU3KUMH, OT 38,4
1o 77,2 Br/M3, co cpennum 3HauenueM 50 Bx/m®. CpenHee 3HaueHHE PaBHOBECHOTO DKBUBAIEHTA KOHLIEHTPALUH
pazioHa 1 rofoBoil 3G PeKkTUBHOM 035! oreHeHo Kak 19,9 Bx/M® u 1,2 M3B/rojl COOTBETCTBEHHO; PUCK BOSHUKHOBEHHUS
paka jerkux paBeH npubmmsurensHo 11,6 Ha 1 MwumoH. OOHapy)KeHa BBICOKas KOPPENSIHS MEXIy METOJaMu
u3Mepenuii (T.e. ¢ momomsio LR-115 tuna IT u RAD-7), R? = 0,99, uto cymectsenno npu P < 0,001. Pesysbratsl 3100
paboThl MOKa3aJiM, YTO KOHIEHTpALUs pajioHa HWKE KPUTHUYECKOTO YPOBHS, YCTAHOBJIEHHOTO ATEHTCTBOM OXPaHBI
okpyxkaromieii cpeasl Coenunennbix Illtator Amepuku, 148 Br/m°. Takum 006pa3zoM, 3TO CBHUIETENLCTBYET 00
OTCYTCTBUHM PaJUOJIOTMUECKON ONACHOCTH A 3A0pOBbsi. OTHOCUTEIBHO BBICOKME KOHILIEHTPAIMM B HEKOTOPBIX
KaOMHETaxX MOTYT OBITh YMEHBILICHBI C TOMOIIBIO IPUPOJHON BEHTWIIALUH WIIM YCTAHOBKOW BEHTWIIITOPOB ¢ (DyHKITHEH
TIOTJIOIICHUSL.

Kniouegvie cnosa: KOHIEHTpALUs pajjoHa, U3JIUILIEK PUCKA JJIs JIETKHUX, cTpoeHus TexHndeckoro nHctuTyTa Kyds:.
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