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Abstract

The main sources of natural background radiation are
radon, thoron and their progeny, which may cause health
risks to humans. Keeping in mind the importance of the
subject, three samples each from 10 selected residential
areas, including the centre of Babylon Governorate, Iraq,
and its districts, were collected. Concentration of radon
and thoron was measured using solid-state track
detectors (CR-39). The arithmetic means of the
concentration of radon and thoron were 47.367+19.56
and 133.246+16.585 Bgm-3, respectively; these values are
considered safe when compared with the upper reference
level of 200-600 Bgm-3 recommended by the
International Commission for Radiological Protection
(ICRP). The value of the inhalation equivalent dose from
radon gas discovered in these areas with rate 37.893 nSv
is less than the value of the global average of 1.15 mSv.
This indicates that the risks related to inhalation of radon
are low as the lung dose rate (DLung), tracheobronchial
region (DT-B), annual effective dose (AED) and excess
lifetime cancer risk (ELCR) is (1.894 nGyh-1, 22.736 nSv,
0.236 mSvy-1 and 0.835 x10-3), respectively. While the
value of the inhalation equivalent dose (IED) from thoron
as effective dose to lung DLung, AED and ELCR are equal
to (0.133 nSv, 0.167 mSvy-1 and 0.587 x 10-3),
respectively. To conclude, the rates in the study area are
less than the ICRP recommended level of 3 mSy;
therefore, the studied areas are safe from the health risks
of inhalation of radon and thoron.
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Introduction

The exhalation of radon gas present in the earth's crust is
related to the presence of radium and its precursors.
Although these elements are present in virtually all types
of rocks and soils, their concentration varies depending
on the soil's location and geological components.!-2 The
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health effects of radon and its products are a source of
concern because they are heavier than air, and tend to
stay close to the ground, where they emit alpha ionized
particles. The risk to human health is very low when we
inhale the air in open spaces due to its low concentration.
Radon is generated because of the spontaneous decay of
the radium isotopes 226Ra. A reference level of 3 mSv for
lung dose due to inhalation of 222Rn and 220Rn has been
set by the International Commission on Radiological
Protection (ICRP) to ensure the safety of people living in
dangerous areas.25> The concentration of radon in closed
places is greater than in open places and more in winter
than in summer, as closed places and lack of ventilation
make matters worse because they lead to the
accumulation of gas in these closed places. The danger of
inhaling radon lies in the emission of alpha particles. The
human respiratory system, especially the lung, can be
vulnerable to this internal exposure, because it is the
respiratory organ of the human body. Exposure to high
doses can lead to the possibility of lung cancer.69 Many
studies have been conducted around the world to
determine the concentration of radon and thoron in the
soil and its health consequences, such as the radon
concentrations in farmland soil collected from Al-
Qadisiyah, Iraq.! On the other hand, a study in Pirayiri,
India, shows that the geometric mean of radon and
thoron concentration is slightly higher than the
nationwide average value. The Jalandhar and Kapurthala
districts of Punjab, India, were chosen to estimate the
quantity in the lung, tracheobronchial region, pulmonary
and pulmonary lymph region due to radon concentration
and thoron exposure’0. This study aimed to determine
the health risk from inhalation of radon and thoron in the
soil of Babylon, Irag, by nuclear track detector CR-39.

Methods and Result

Thirty samples were collected during November to
December 2021, from the city of Babylon and its suburbs,
in the centre of Irag, as shown in Figure 1. CR-39 is a
plastic polymer that is the abbreviation for Columbia
Resin-39 and has optical properties similar to those of
optical glass23. In the current study, CR-39 detectors have
been used, with sizes (1.5 and 1.5) cm. A can with size
10cm in height and 5.5cm in inner diameter was used to
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measure the level of radon and thoron from the collected
samples. Twenty grams of the samples were stored for
two months in a can with two detectors, the first on top to
measure Rn-222 and the second on top of the sample to
measure Rn-220. After 60 days of exposure, the detectors
from all the cans were retrieved. The optimum condition
of etching of the CR-39 detectors was 6.25% N-NaOH at 70
°C with an accuracy of £ 0.1 °C and an etching time of six
hours.1 After etching, the detectors were washed in
distilled water and then dipped for a few seconds in a 3%
acetic acid solution. After that, the detectors were washed
again and allowed to dry in the air. The number of tracks
in 40 fields were scanned for each detector using an
optical microscope (400X objective lens) which was used
to determine the track density.

Calculations

The radon CR and thoron CT concentrations in the air
were calculated according to the following equations:10-12
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KRR, KRRT and KTRT are the calibration factors for radon
and thoron, BR, BRT, TR and TRT are the background
count stand tracks obtained after exposure, and T is the
time (60 days). The equivalent dose (H) of radon was
determined by equation 3 according to the United
Nations Scientific Committee on the Effects of Atomic
Radiation (UNSCEAR).13

H=8x10 J“x("k

3

The effective dose is related to the location of the organ
exposed to radiation and its sensitivity to radiation. For
the tracheobronchial region (DT-B), it was determined
using tissue weight (WF) values of 0.6 as defined in
equation4.

D, ,=HxW,
4

The radon and thoron concentration of the air present
inside the lung must also be taken into account to
calculate the annual equivalent dose to the lungs, where
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the air volume in the lungs is taken to be 3.2 x10-3m3 for
the reference in human beings.'3 It was assumed that the
short-lived decay products of 222Rn will stay in the lungs.
The dose rate due to alpha particles emitted by radon was
determined by equation 5. Whilst the lung exposure was
estimated from thoron using Postendorfer's dose
conversion factor11, based on a lung dose model with a
structure comparable to the ICRP respiratory model by
equation 6: 11,

D,, =0.04xC,

Lung

D, ~=0.001xC,

Lung

6

The annual Effective Inhalation Dose (EID) was calculated
using formula 7:10, 12

EID=FEECxDCFxOF
7

where EEC is the equilibrium equivalent concentration of
radon or thoron were calculated using equation 8.

FEC=FxC

8

where F is the equilibrium factor is 0.4 for radon and 0.1
for thoron. While C is the concentration for radon and
thoron.

The dose conversion factors DCF for radon (9 nSvh-1Bg-
1m3) and (40 nSvh-1Bg-1m3) for thoron and OF (7000 h)
is the occupancy.

The estimation of excess lifetime cancer risk (ELCR) is

determined for radon and thoron exposure by equation
0:10, 12

ELCR=FEIDxDLxRF
9

DL is the mean adult lifespan of 70 years, Annual Effective
Dose (AED) and RF is the risk factor value for random
effects for the general population, which is 0.05 per
Sievert as recommended by the ICRP.14

Discussion
Radon concentration measured in 30 samples collected
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Table-1: 222Rn concentration and their corresponding doses at different locations.
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ranged from 28.82

to 150.21Bgm-

LOCATION ) . G ] I;I ZLU,#] l)TS+B :ID 1 liLfR 3with an average of
(Bq.m") (nS) (nGy.Ar) (nSv) mSvyl) 0 47367+19.56 Bgm-
Al-Mudhatia S 52,59 42072 2103 25283 0265  ogg 3 Moreover, the
52 115 3292 1646 19752 0200 o5 inhalation
S 4027 32216 1610 19329 0202 0710 equivalent  dose
Al-Qasim St 4131 37.848 1892 2708 0238 0834  from radon gas has
Ses 5259 407 2103 25243 0265 097  been calculated to
Se6 37.62 3009 1.504 18.057 0189 0663 pe 23.056 to
Al-Shomali S 4139 3112 1655 19.867 0.208 0730 120.168 at a rate of
Ses 4131 37.848 1892 2708 0238 084 37893 nSvy-1,
S 3951 31.608 1580 18.964 0199 0696 bile the risks of
AIKfl Sot0 36.74 2939 1469 17.635 0185 0648
Son 64.04 51232 2561 30739 0322 1129  inhaled radon for
So12 63.10 50.48 2524 30.288 0318 1113 average dose of
Al-Mhawyl Son3 0.5 329 1646 19752 0207 0725 lung (DLung) and
Sea 604 4832 2416 28992 0.304 1065 tracheobronchial
Sots 37.62 3009 1.504 18.057 0189 0663  region (DT-B) have
Al-Hashimiyah Sots 3851 30808 1540 18.484 0.194 069  peen determined
Son7 3058 24464 123 14678 0.154 059 to be 1.894 nGyh-’
. Sots 3410 277.28 1364 16.368 0171 0801 and 22.736 nSvy-1,
Centre City S B3 58984 2949 35.390 0371 1300 respectively. On the
So0 49.95 39.96 1998 976 051 0881 ’
San 15021 120168 6,008 72.100 0757 269 Oother hand, the
Al-Musayib So2 29.8 23.856 1192 14313 0.150 056 average of annual
S 3234 2587 1293 15.523 0265 0977  effective dose and
Sou B9 35.032 1751 21019 0207 0725 the excess lifetime
Abu-Grig S B9 35.032 1751 21019 0202 0710 cancer risk has
S 3486 27.888 1394 16732 0238 084  peen noted to be
So 3939 31512 1575 18.907 0261 097 0238 mSvy-! and
Al-iskandaria Sos 288 2,056 1152 13.833 0189 0668 5 835x10-3,
So B9 35.032 1751 21019 0.208 0730 o pectively
So30 4455 35.64 1782 21384 0238 0834 , :
Mean 473671956 37,893 1,894 2738 036 0ges  According to
UNSCEAR 200013
and ICRP 199314
N — the concentration of radon in the soil
sample has been below the value (200 -
7 z 600 Bq m-3). While, the average of annual
v ¢ inhalation dose has been less than the
i i world average of 1.15 mSv recommended
. ] by the UNSCEAR2000'3. On the other
; ; hand, dose of lung and tracheobronchial,
o & as well as the annual effective dose and
excess lifetime cancer risk was below the
7 7 permissible dose equivalent limit of 1 mSv
j f and 2.5 x 10-3, respectively, as mentioned
| Studs, ' by ICRP.14 The geological nature is the
AICVE  JEISIE SOCE main reason to contrast the

Figure: Map of Babylon Governorate, Iraq present the study area (3).

from different regions of Babylon Governorate, Iraq are
summarised in Table 1. The concentrations of radon

Open Access

concentrations of radon from one region
to another. Depending on the results, the
soil samples from the study areas are safe

and do not pose any hazard to human health. The thoron
concentration is presented in Table 2. The range of
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Table-2: 220Rn concentration and their corresponding doses at different locations.

LOCATION ) q Diung ) ELR
(Bqm3)  (nSv)  (mSvyT)  *10

Al-Mudhatia Sol 66.575 0.066 0.083 0.293

So2 88.287 0.088 0Mm 0.389

So3 211.564 021 0.266 0.933

Al-Qasim So4 207.456 0.207 0.261 0914

S05 212449 0.212 0.267 0.936
S06 137,597 0.137 0.173 0.606

Al-Shomali So7 89.175 0.089 0.112 0393
S08 105374 0.105 0.132 0.464
509 85.993 0.085 0.108 0379
Al-Kifl S010 102.255 0.102 0.128 0450
Sol 121.461 0121 0.153 0.535
So12 122,925 0122 0.154 0.542
Al-Mhawyl So13 162.256 0.162 0.204 0715
So14 120,575 0.120 0.151 0.531
S015 73.738 0.073 0.092 0325
Al-Hashimiyah S016 180.164 0.180 0.227 0.794

S017 107.364 0.107 0.135 0473
5018 150.222 0.150 0.189 0.662
Centre ity S019 7387 0.007 0.009 0.032
5020 154327 0.154 0.194 0.683
S021 32232 0.032 0.040 0.168

Al-Musayib S022 147.291 0.147 0.185 0.680
S023 190.018 0.190 0.083 0.293
S024 162.844 0.162 0.1M 0389
Abu-Grig 5025 143.002 0.143 0.266 0933
5026 95.920 0.095 0.261 0914
S027 135.601 0.135 0.267 0.936
Al-Iskandaria S028 157.848 0.157 0.173 0.606

S029 204.223 0.204 0.112 0393
S030 221.249 0.221 0.132 0.464
Mean 133.246+16.585  0.133 0.167 0.587

concentration is 7.387 to 221.249 with an average of
133.246+16.585 Bgm-3. On the other side, the lung dose,
annual effective inhalation dose, and excess lifetime
cancer risk have been measured to be 0.133 nSv, 0.167
mSvy-1, and 0.587 x 10-3, respectively. The concentration
of thoron in the soil sample has been below the
acceptable limit as per recommendation of UNSCEAR
2000 and ICRP 2007, while the worldwide average of the
annual inhalation dose and excess lifetime cancer risk
have been lower than permission level of 3 mSvy-!
recommended by the UNSCEAR?'3 and ICRP.14 The results
of radon and thoron concentrations show that the
concentration of thoron is higher than the concentration
of radon, attributed to the high content of 232Th in soil
compared to 226Ra as mentioned in previous study in the
study area.'’> 18 According to the half-life of radon and
thoron, the hazard risk of radon is higher than thoron.

Conclusion
Radon and thoron concentrations have been measured in
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soil samples collected from Babylon, Iraq. The
concentration of radon and thoron has been below the
acceptable limit, suggested by UNSCEAR 2000 and ICRP
2007, while the annual effective dose of lung and
tracheobronchial and the annual inhalation dose has
been lower than that recommended by UNSEAR and ICRP.
On the other hand, the excess lifetime cancer risk is
significantly lower than the 2.5 x 10-3 recommended by
ICRP. The results of radon and thoron concentrations
indicate that the concentration of thoron is higher than
the concentration of radon which attributed to high
content of 232Th in soil compared to the 226Ra as
mentioned in a previous study in that area. Depending on
the results, the soil samples from the study area are safe
and do not pose any hazard for human beings.
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