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ABSTRACT

The aim of present work was to assess the impact of diesel power generators wastes on radon levels
using solid state nuclear track detector CR-39. Forty eight soil samples were collected from area
around four power generators located in Al-Ghazalia region in Baghdad, Irag. Twelve samples at
depths of 10-30cm around each generator were taken, three in each direction (N, S, E and W) at
different distances (0, 5, and 10m). The value of radon concentrations ranged from 358.3Bg.m™ at
distance 5.0m from G2N to 1258.6Bg.m™ at distance 10.0m for G2S. The mean values of radon
concentrations varied from the lowest value of 604.6 Bg.m™ to the highest value of 694.7Bg.m™ in
the soil samples around G1 and G4, respectively. The mean value was 636.6 Bq.m™. The values of
radon level are higher than the international recommended value. Surface and mass exhalation rates
were also calculated with average values of (0.35) Bqg.m2h™ and (0.15) Bg.kg™.h?, respectively.
These values are found to be below the limit of the recommended values.
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INTRODUCTION

Radon, which is a topic of public health concern, is a
progeny of Uranium-238 formed from the radioactive
decay of ?®Ra. It is a colorless, odorless, electrically
uncharged noble but hazardous gas which is radioactive,
emits alpha radiation and decays with a half-life of
3.824 days.

Radon concentration in the soil depending on several
factors such as the type of soil physical and chemical
properties, location, the surrounding buildings and
human activities in the regions [1]. Soil is considered
the primary source of radon; hence many researchers
studied the concentration of radon in the soil because of
its negative impact on human health at the high
proportion of natural border.

Vaupotic et al. [2] studied the radiation level in soil
for different regions near the elevated seismic activity at
the Italian-Slovene border, they found the elevated
seismic activity effected on radiation concentration in
the soil.
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Bistra and his coworkers [3] studied radon
concentration in soil gas at 64 locations within 13 urban
areas of Bulgaria. Radon concentration in soil gas was
found to be log-normally distributed within the range of
3-97 kBg.m 3, with arithmetic mean of 26 kBg.m>; this
range of radiation depending on human activities in
each location [3]. Soil and building materials found to
cause a high level of radon indoor of buildings in
Romania [4].

Seasonal variation of the radon concentration was
investigated in Turkey, the highest radon concentration
observed in summer and the lowest concentration
measured in winter [5].

Vikas and his research team [6] studied depth
dependence on the soil-gas radon concentration levels;
the results showed increasing of soil-gas radon
concentration levels with depth.

Researches on soil gas radon concentration were
also conducted in different provinces in Iraq. Hasan et
al. [7] measured radon concentration in 15 locations in
Al-Najaf Al-Ashraf city, four different depths were
taken in each location starting from the ground surface,
the results showed that the largest concentration
obtained at 60cm depth, while the lowest concentrations
were at depth 5cm. This study agreed with Al-
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Hamidawi et al. [8] studied conducted in Al-Kufa city.
The investigation was made at three depths for 20
locations [8]. Other study was made in South of Iraq,
radon concentrations in 72 oil well fields were assessed
and the investigation showed great variability of radon
concentration in each well due to different geological
environments in Iraq [9].

The aim of present study was to measure radon
concentrations in the soil samples collected from the
sites affected by the local power generators in Al-
Ghazalia region in Baghdad city.

MATERIALS AND METHODS

Forty-eight soil samples were collected from the area
around four generators located in Al-Ghazalia region in
Baghdad at depths between 10 to 30cm. Twelve soil
samples were collected around each generator, three in
each direction (North, South, East and West) at three
different distances away from the generator (0.0m, 5.0m
and 10.0m). Table 1 summarized the environmental
description around each generator.

TABLE 1. Environmental description for the four generators

Generator Code North South East West

G1 Uninhabited Two main Power Effect of G2
area streets station Playground with
Schools Main street high lighting
Markets Heavy
Residential residential
area area
G2 Effect of G4 Bakery Effect of Effect of G3
Popular market, By-road Gl Popular market
Car park Residential Playground Car park
area
G3 Car park Residential Effect of Main street
area G2 Popular market,
Playground Car park
Car park
G4 Residential Effect of Residential Residential area
area G2 area
Playground

The collected soil samples were dried, crushed and
sieved with a 2mesh size sieve. The samples were
investigated by means of sealed can technique using
solid state nuclear track detector CR-39. Thirty grams
of each sample were placed at the bottom of a plastic
can (size 6.5cm height and 4cm diameter) with a piece
of (1.5x1.5 cm2) of CR-39 detector placed at the top of
the container 4 cm above the sample (Figure 1). Tracks
of alpha particles emitted from 222Rn are recorded in
the detector. The detectors were left for a period of 2
months, this long time of irradiation is necessary to
accumulate considerable number of tracks of a-particles
that emitted from radon, and their progenies. After the
irradiation, CR-39 plastics were developed in NaOH
solution with chemical etching conditions 6.25 N at
800C for 4 hours [10]. Then, the detectors were
examined for a-tracks using an optical microscope with
10x40 magnification. Equations (1 and 2) were used to
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calculate radon concentrations CRn (Bg.m-3) and the
effective radium content CRa in (Bg.kg-1) in the soil
samples, respectively [11]:

/

CR-39
A8 cm BRI /
Figurel. Sealed can technique
p
Cpn, =
Rn CF T (1)
phA
= 2
Ra CF M ( )

Where, p is the measured alpha track density in unit
Track.cm?, h is the distance between CR-39 detector
and the sample measured in cm, A is the area of CR-39
in cm?, T is the exposure time in hours, M is the mass of
the sample in kg and Cr =0.04891 Tr.cm?.d*/Bq.m? is
the calibration factor which is calculated using equation

@) [12]:

1 r
Cp=r [ZCOSQC - R_]
a

®

Where, r is the radius of the container in cm, 0, =35° is
the critical angle of CR-39 and R,= 4.15cm is the range
of o particle emitted from ???Rn.

Equations (4 and 5) were used to calculate the surface
and mass exhalation rates of the samples for radon
emission E5 in Bq m? h* and Ey in Bq kg'1 h™,

respectively [13]:
E = cva 4
AT AT+ 171 {2 —1}] “)
cva
®)

Ew = M[T + -1 {e~*T —1}]
Here, C is the integrated radon exposure in Bq m 2 h, V
is volume of the container cm®, and A is the decay
constant of radon in h™.

RESULT AND DISCUSSION

Figure 2 shows radon concentrations for soil samples
collected from the sites of the 4 generators in 4 different
directions and 3 different distances (0.0m, 5.0m, and
10.0m) in each direction away from the generators. The
calculated radon concentrations are ranged from
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Figure 2. Radon concentrations in soil samples taken from the area around the 4 generators

358.3Bg.m™ at distance 5.0m from G2N to 1258.6Bg.m’
% at distance 10.0m for G2S with average value of
636.6Bg.m>.

The mean values of radon level for each generator
are given in Figure 3. The histogram shows that the
highest value of radon level is obtained at G4. Radon
levels in all samples are higher than the permissible
limit of exposure to radon for the population to be (200
Bg.m™) [14].
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Figure 3. Mean values of radon level Bq.m™ for the samples
of four generators
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Table 2 lists average, minimum and maximum values of
radon concentrations at distances (0.0m, 5.0m and
10.0m) away from the generators.

Radium content for the studied soil samples is shown in
Figure 4. The values of radium content are ranged from
the lowest value of 5.42Bq.kg™ in G2N sample at 5.0m
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away from the generator to the highest value of
19.03Bq.kg™ in G2S sample at distance 10.0m away
from the generator with mean value of 9.58 Bq.kg™.

TABLE 2. Average, minimum and maximum values of radon
at three different distances for the four generators

Distance (m)  Average(Bg.m®) Min (Bg.m®) Max (Bq.m®)
0.0 626.1 406.0 1097.9
5.0 633.2 358.3 1182.7
10.0 650.4 406.0 1258.6

The variation of radium content may be due to the
different radioactive content of the material, emanation
factor and diffusion coefficient of radon in that material,
porosity and density of the material [10]. The acceptable
value of radium activity in soil for safe use should not
exceed 370 Bg/kg [15]. Thus, as far as the health hazard
effects are concerned, the results reveal that the studied
area are secure and safe. Figures 5 and 6 show that the
surface and mass exhalation rates vary from 0.20 Bg.m’
2h™ in G2N at 0.0m distance from the generator to 0.69
Bg.mZh? in G2S at distance 10.0m away from the
generator with mean value of 0.35 Bqg.m?2h™ and from
0.07Bg.kg” “h™ in G2N at distance 0.0m from the
generator to 0.95Bq.kg™.h? in GIW at 10.0m away
from the generator with mean value of 0.15Bq.kg™.h™,
respectively. The general trend of the figures shows that
increasing radium concentration enhances the radon
exhalation rate.
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Figure 4. Radium content in Bg.kg™
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Figure 5. Surface exhalation rate in Bq.m2h
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Figure 6. Mass exhalation rate in Bq.kg™.h™
Radioactivity level and the measurement of soil gas radon
CONCLUSION concentration in Dikili geothermal area, Turkey. Int J Radiat

Res, 11(4): 253-261.

. 6. Duggal, V., A. Rani and R. Mehra, 2014. Measurement of soil-
The goal of the present study is to assess the gas radon in some areas of northern Rajasthan, India. Journal of
contribution of diesel Power generators, which are used , Eafth Sfff(m icgngevbf?’(e)315418}]12'?7% J011 M .
a - . asan, A.K., A.R. Subber and R. Shaltakh, . Measuremen
heavily in B?ghdqd’ to _the total radon exposure and its of radon concentration in soil gas using RAD7 in the environs of
effect to the inhabitants in Irag. Al-Najaf Al-Ashraf City-Irag. Adv Appl Sci Res, 2(5): 273-278.
In general, the results indicate that the radon 8.  Al-Hamidawi, A.A., Q.S. Jabar, A.H.A. Mashhadani and A.A.A.
exhalation rates from the investigated soil samples are Bay_atiA':/'&astfef_Tt‘e”t of fﬁg’gga;(é t{mfton concentrations of soil-
; gas in Al-Kufa city using -7 detector.
low and below the recommended value given by 9. Al-GaimP, HR., L1. Al-KhalifaP and M.A. Al-HelalP, 2012.
|CRP_: S_h_OW that _th? Power generators does not pose Indoor Radon Measurements in the Dwellings and Multistory
any significant radiation hazard. Buildings of Basrah Technical Institute (Iraq). Journal of Basrah
Researches ((Sciences)) Volume, 38(1).
10. Ya'goub, M., I. Al-Hamarneh and M. Al-Kofahi, 2009. Indoor
REFERENCES radon concentrations and effective dose estimation in dwellings
o . . of As-Salt region in Jordan.
1.  Organization, W.H., WHO handbook on indoor radon: a public 11. Najam L.A.g N.F. Tawfig and R.H. Mahmood, 2013. Radon
health perspective2009: World Health Organization. Concentration in Some Building Materials in Using CR-39
2. Vaupoti¢, J., A. Gregori¢, 1. Kobal, P. Zvab, K. Kozak, J. Mazur, Track Detector. Nature, 1(3): 73-76
E. Kochowska and D. Grzadziel, 2010. Radon concentration in 12 Hussein A.Z.. s, Moi]amad H. jaafar and A Ismail. 2013.
S(I"I gas and rad?n exha:jatlon drate a:] the Ravne Fault in NW Measurement of Radium Content and Radon Exhalation Rates in
Slovenia. Natural Hazards and Earth System Science, 10(4): Building Material Samples using Passive and Active Detecting
895-899. . Techniques. International Journal of Scientific & Engineering
3. Kunovska, B., K. lvanova, Z. Stojanovska, D. Vuchkov and N. Research, 4(9)
Zaneva, 2013. Measurements of radon concentration in soil gas 13.  Zubair M MS Khan and D. Verma. 2012. Measurement of
gf uzl'bsan greas, Bulgaria. Romanian Journal of Physics, 58(S): radium concentration and radon exhalation rates of soil samples
C17 -S179. . 4 C. Sai collected from some areas of Bulandshahr district, Uttar Pradesh,
4. Cosma, C., A. Cucos-Dinu, B. Papp, R. Begy and C. Sainz, India using plastic track detectors. Iranian journal of radiation
2013. Soil and building material as main sources of indoor radon research (IJRR), (10): 83-87.
in Bifa-Stei radon prone area (Romania). Journal of 14. ICRP, P.A. 1993. Radon-222 at Home and at Work. Publication
environmental radioactivity, 116: 174-179. 65. Annals of the ICRP, 23(2)
5. Tabar, E., M. Kumru, M. Ichedef and M. Sag, 2013. 15 JRC-IRMM. J.. NUCLEAR ENERGY AGENCY.
Persian Abstract

DOI: 10.5829/idosi.ijee.2015.06.04.11

0duS>

3

5 Jiz ool suls cl> CR-39 (gl aied s sloslos HISaT 51 oolital b 90l grbaws 5 I sloysil sy clals 36 b)) ol adllas 5 o

o Ghbl s e Bl -V e glo Ges )0 diges 003lsd .o ()l ez 3lye Slaiy jo adliall dibaie jo &8lg 453155 lez BlbI sblie 5| S5 aiges cuta
" Brh e O akold )3 gol, chale Jlade (e Ve 9 0 g ¢) calite Jolsdy )8 30 cogix (Jled (Sla S 50 Wigel A (S po 0D 485 9513
604.6 jlaie o yieS 5l cygoly cdale (pSla polie .Cawl oo (GOl Atwd oy B sy Vo alols ,o 1258.6Bg.m™ b 358.3Ba.m”  jlaie b )¢
5 5YL ool v polie .Canl 0391 636.6 BQM? Lawgio jlads 5 conl juite (G4 5 GL Gl bl S aiges ;5 694.7BGM° jlaie cp 5YL 4 Bgm?

solie .as aculee (0.15) Bakghh? 5 (0.35) BAMZh™ sle (35,1 b oo )i 4 soyry onbaw ol 390 &5 ol el (o 095 oo dpogd ke

el 00 dogi jle > o] Cewy




