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Abstract

This research focuses on measuring the concentrations of radioactive radon gas (222Rn) in water samples
that collected from different places in Shatt Al-Arab, the first confluence in Qurna, to the second
confluence in Karma Ali, Basra Governorate, using RAD-7 (RAD-7 H20) detector. Also, annual
effective dose (AED) and lifetime cancer risk due to ingestion of 222Rn in samples of present study as
drinking water were evaluated. The results show that, 222Rn concentration were ranged from (0.0 to
0.408) with an average 0.183 Bq/L. Also, the range of AED were changed from 0 uSv/y to 1.04 puSv/y,
with an average 0.46 pSv/y. While lifetime cancer risk (x10-4) were ranged from 0 to 0.0157, with an
average 0.007. Accordingly, 222Rn concentrations in samples of present study was within the permissible
limit according to the Environmental Protection Agency (EPA), as the maximum concentration of radon
in the water reached (11.1) Bg/L . Also, the values of AED and lifetime cancer risk in all samples were
found lower than the safety limit for the healthy drinking water. So, it may be concluded that water in
Shatt Al-Arab in the Basra governorate- Iraq have not environmental impacts For Radioactive Radon Gas
on the health of human.

INTRODUCTION

Radon is chemically inert, colorless, tasteless
and odorless gas. radioactive element , non-
flammable and very toxic [1]. It is the second
most common cause of lung cancer, after
cigarette smoki ng, causing 21,000 lung
cancer deaths annually in the United States.
About 2,900 deaths occur among people who
have never smoked. according to policy-
guided Environmental Protection Agency
(EPA) estimates [2] . Radon occurs naturally
in minute amounts as an intermediate step in
the regular radioactive decay chains through

which thorium and uranium slowly decay into
lead and many other short-lived radioactive
elements. Its most stable isotope, 222Rn , has
a half-life of only 3.8 days, making it one of
the rarest elements. Since thorium and
uranium are two of the most common
radioactive elements on Earth Radon decay
produces many other short-lived nuclides,
known as radon daughters [3 ] There are
significant uncertainties about the health
effects of low dose exposure [4] Radon
daughters are solids and stick to surfaces, like
airborne dust particles, which can cause lung
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cancer if inhaled.[5] It is under standard
conditions, a gaseous and easily inhaled, and
therefore a health hazard. It is often the largest
single contributor to an individual's
background radiation dose, but due to local
differences in geology, [6] The level of
exposure to radon varies from place to place.
The common source is uranium-containing
minerals in the earth, and thus accumulates in
underground areas such as cellars. Radon can
also occur in some ground waters such as
spring water and hot springs [7].

Studies were conducted in different regions of
the world to measure the concentration levels
of radon gas in water .( Inaam 2012) measured
radon gas in the Hilla River using the RAD-7 ,
she result was concentration of radon (0.1038
Bg/L ) [8], (Taga, 2015) studied of radon gas
and radioactive hazards in tap water in Al-
Muthanna Governorate, Irag, using CR-39,
the results that the concentration of radon gas
ranged from (0.15 + 2.16 Bg/ L) to (0.18 +
4.32 Bg/L), and the annual effective dose is
(0.0039 mSv/y [9] , and (Abdel ,2015) study
to determine the concentration of radon gas in
its results showed that the average radon
concentration was 1.56 Bg/L , and the annual
effective dose was 16.42 uSv/y which was
within the limits set by the relevant
organizations[10] ,Also, (Rafael et al,2016)
conducted a study to measure the level of
radon concentration on 20 samples of thermal
water in the Campen Flegrei volcanic caldera,
(southern Italy) by using RAD-7 detector
equipped with the accurate accessory
RADH20 , with an average value of 152
Bg/L[11]. Also, ( Anurani , et al ,2019) study
on the spatial and temporal variability of radon
in the River Basin (VRB) in southern India
and their collected 40 groundwater samples
during three seasons of the 2019 using
RADH20 and their results of radon
concentration in three seasons range of 0.64 —
79.94 Bg/L in pre-monsoon, 0.25-36.95 Bg/L
in monsoon and 0.42-59.79 Bg/L in post-
monsoon season and 18% of samples

exceeded the permissible limit of EPA (11
Bag/L) [12] . It has been chosen and the reason
for choosing water as samples to be studied
radiologically, because many regions in the
Basra governorate that have been bombarded
In the recent wars that Iraq was exposed to in
the previous period. and water's importance
and direct impact on people's, animals', and
agricultural crops' life. Also , the incidence of
cancerous diseases has increased recently,
especially in the southern regions of Irag, with
high numbers recorded compared to previous
times.

Location of the study area

The study area was determined by
choosing the point of the first confluence of
the Tigris and Euphrates rivers in the Qurna
district to form the Shatt al-Arab to the second
confluence point in Karma Ali district, Al-
Najibiya district, Al-Hartha district in Basra
governorate, with a path length of
approximately 60 km [13].

The samples were taken in the state of
receding tide, i.e. when the state of tides
occurred by 20%, to ensure that water samples
are not repeated in the tide state on the Shatt
al-Arab path, in contrast to the water flow
towards the Arabian Gulf, where the first
sample was taken from the point of the second
meeting in Karma Ali near the Najibiyah
bridge towards The north reversed the flow of
water in the Shatt al-Arab by 20 samples with
varying distances between one sample and
another according to the nature of the beaches
from which the samples were taken, with a
distance of 2 km to 3 km and some distances
of 4 km between one sample and another as
shown in Figure (1) Map of the study site
using the GPS location feature [13].
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Figure (1): Map of samples on the Shatt al-
Arab from the first confluence in the Qurna
district to the second confluence in the
Karmat Ali sub-district [13].
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Experimental Part

RAD-7 represents a semiconductor material
(often silicon) which transforms alpha
radiance to an electrical sign immediately. The
interior sample cell of RAD-7 points out to a
(0.7 liters) hemisphere in a combination of an
electrical conductor on the interior. The planar
Silicon alpha detector, which is solid state and
ion implanted, is at the center of charged alpha
emitters being electrostatically collected on
the surface of a silicon solid-state detector and
then detected via spectroscopic analysis [14].
A total of four five-minute counting cycles are
executed by RAD-7, bringing the total
analysis duration to 30 minutes [14]. and after
the end of each run will print out the included
summary (mean radon concentration, humidity
and temperature, standard deviation) [15].
Also includes other information about the
operating number, the 4-circuit diagram and
the accumulated spectrum, the number of turns
[15]. The rate of radon removal from water in
the air ring in a sample of 250 ml is 94% and
it is very high. Figure (2) shows the schematic
diagram of the RADH20O supplement [15].

Figure (2): RAD-7 detector [15].

Theoretical calculations

AED in unit (Sv/y) based on the ingestion of
222Rn concentrations from water sample
when using as drinking water for adults was
determined by equation (1) [16]:

AED =CxWC x DCF

where C is 222Rn concentration in unit
(Bg/L), WC is the annual water consumption
for a person that equal 2 in unit (L/d) [17] and
DCF is conversion factor in unit (uSv/Bq) that
equal 0.0035 uSv/Bq [17].

The lifetime cancer risk based on the ingestion
of 222Rn concentrations from water when
using as drinking water for adults was
determined by equation (2) [18]:

Lifetime cancer risk = AED x DL x RF ... ...
... (2

where, DL is the duration of life (70yr) and
RF is the risk factor (0.055 Sv-1)
recommended by the ICRP [18].

Results and discussion

The results of 222Rn concentration, AED and,
lifetime cancer risk was determined for
groundwater samples that collected from
different areas of Shatt Al-Arab in Basra
Governorate, Iraq as Table (2). which shows
the sequence of the sample, the rate of radon
concentration in it, the highest value and the
lowest value of concentration, the annual
effective dose, and the GPS location from
which the sample was taken.
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Table (1) shows the concentration of radioactive radon gas in selected samples of Shatt al-
Arab waters from the Qurna district to Karmat Ali

Sample Mean High Low Effective dose Lifetime cancer risk e
No (Bg/L) (Bg/L) (Bg/L) uSvly X104 2
1 0.16 0.48 0 1.752*10 0.0157388 EI zgoiggé;
2 0.08 0.16 0 8.76*10°7 0.0078694 EI zgoig 282
3 0.04 0.16 0 4.38*107 0.0039347 'E' i’gi’g ggé
4 0.04 0.16 0 4.38*107 0.0039347 'E' i’giggéf
5 0.04 0.16 0 4.38*107 0.0039347 'E' i’goigégf
6 0.08 0.16 0 8.76*107 0.0078694 'E' igoié,gg:;
7 0 0 0 0 0 E 23"22’28:8
s | o | o 0 0 0 E 47241505
9 0.08 0.16 0 8.76*107 0.0078694 E 3303351,333
10 0 0 0 0 0 E 3303333}3
11 0.04 0.16 0 4.38*107 0.0039347 Ej 23°§25?§8
12 0.12 0.32 0 1.314*10 0.0118041 IEI zgogg:zliz
13 0.16 0.32 0 1.752*10 0.0157388 l; 29025832
14 0 0 0 0 0 EI 2%23’ i;;
15 0 0 0 0 0 EI 2%3223:8
16 008 | 0318 0 8.76*107 0.0078694 E 72 195
17 0.04 0.159 0 4.38*107 0.0039347 EI 29“23558
18 0.16 0.318 0 1.752%10° 0.0157388 '; Z’gogg,g?_'g
19 0.159 0.318 0 1.74105*10° 0.015640433 '; j’?ogg,ggg
20 0.16 0.48 0 1.752*10° 0.0157388 E' Z’%ogg,sl,%

Through the results of examining the water
samples shown in Table (1), 222Rn
concentration were ranged from 0.0 Bg/L that
recorded in the samples (S7, S8, S10, A14 and
S15) to 0.16 Bg/L that recorded in the sample
(S1, S18 and S20), with an average 0.183
Bg/L. it was found that the radon gas
concentrations in water samples of present

study were within the permissible limit set by
the US Environmental Protection Agency
(EPA) because the limit The highest
permissible concentration of radon in water
(11.1) Ba/L [2].

The percentage the values of the AED as
Figure (3) all results of AED was less than the
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internationally allowed limit and reaches (0.1)

mSvly [6]. Mean
Figure (3): Compering 222Rn 812
concentrations in water samples with 014

permissible value for water samples.
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Figure (4): Percentage of AED in samples under study.
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The lifetime risk due to 222Rn in water  from rocks between fresh water or seas that
samples intake (see Table land Figure 5) was  store water between its rocks.
ranged from 0 to 0.0157x10-4, with an
average (0.007)x10-4, which it less than the
admissible limit of 10-4 [18]. The source of
groundwater in these areas is either from rain
water that penetrates into the ground through
its rock layers, or geological water originating
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Figure (5): Results of lifetime cancer risk in
samples under study.
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The results shown in Table (2) indicated
that there are variations in radon
concentrations in all samples which it can be
attributed to the difference in the geological
nature of each area as well as to the movement
of water and its speed [19]. On the other hand,
radon gas concentration varies due to factors
such as temperature, air pressure, humidity
and changes in the Earth's layers.

The results of the current research were
compared with those of previous researchers,
according to Table 2.

The state Radon
concentration
(Ba/L)
Irag -Hilla River 0.103 [8]
Iraq - Karblaa 2.508 [11]
Irag -Al-Muthanna | 4.32 0 [12]
Egypt. 13.0 [13]
southern Italy 5.80 [14]
India. 0.64 [15]

Iraq —Shatt al-Arab | 0.183  present

study

Conclusions

Through the results obtained in the current
study, it is found that the radioactive radon gas
concentration in water samples reached the
lowest level compared to the permissible limit
in the Environmental Protection Agency the
United States (EPA) and WHO 1993. Also,
AED was less than the permissible limit
according to the WHO 2011 which is 0.1
uSv/y. As well as All values of lifetime cancer
risk was less than the permissible limit. So,
radioactive radon gas in water samples in
Shatt Al-Arab at Basra Governorate, Iraq were
no danger when using it by human in drinking
and other uses.

Reference

[1] Sametc J. M. (1992). "Indoor radon and
lung cancer. Estimating the risks". The
Western journal of medicine. 156 (1): 25—
9. PMC 1003141. PMID 1734594.

[2] USEPA. (1999). United  States
Environmental Protection Agency, Office
of Water: 40 CFR Parts 141, and 142:
National Primary Drinking  Water
Regulations; radon-222: proposed rule.

[3] Sam Keith , John R Doyle , Carolyn
Harper , Moiz Mumtaz , Oscar Tarrago ,
David W Wohlers , Gary L Diamond

Mario Citra , Lynn E Barber, (2012) . "
Toxicological profile for radon" .
National Center for Biotechnology
Information .

[4] Amrani, D., & Cherouati, D. E. (1999).
"Radon exhalation rate in building
materials using plastic track detectors".
Journal of Radioanalytical and nuclear
chemistry, 242(2), 269-271.

[5] Podgorsak, E. B. (2006). "Radiation
physics for medical physicists”. Springer
—Verl Berlin Heidelberg, Germany.

3408



Radon gas determination and radiological risk in Shatt Al Arab - Al-Basra governorate, Iraq

[6] United Nations. (2010). UNSCEAR 2010
report: 11l Scientific report, Summary of
low-dose radiation effects on health.
UNSCEAR.

[7] Dobrzynski L, Fornalski KW, Reszczynska
J. "Meta-analysis of thirty-two case-
control and two ecological radon studies
of lung cancer" . J Radiat Res. ( 2018)
.1;59(2):149-163. doi: 10.1093/jrr/rrx061.
PMID: 29186473; PMCID:
PMC5950923.

[8] Inaam H.K and Khalid H.H. (2012).
"Measure and study radioactive radon gas
concentrations in selected samples from
the air and water of the city of Hilla" ,
M.Sc. Thesis, University of Babylon
,College of Science,

[9] (Tuga H. Al-Zalimiul, Anees A. Al-
Hamzawi2 and Aqeel A. Ali3), “Radon
gas determination and radiological risk in
tap water of Al-Muthanna governorate,
Iraq”, AIP Conference Proceedings ,
Volume 2386, Issue 1 >
10.1063/5.0067123 ,2022 .

[10] Abdul Mawjud Muhammad 1, prof. Refai
1*, p. On the run, J.K. Religion 1 " )’
Estimation of radon gas concentration and
its effective dose in the Quaternary
aquifer, Nag Hammadi, Qena, Egypt”,
IOSR Journal of Applied Geology and
Geophysics (IOSR-JAGG) ,Volume 9,
Issue 4 Ser. 111 (Jul. — Aug. 2021), PP 37-
44

[11](RaffaellaSilvialovine,al,MonicaPiochi,al
,RosarioAvino,a,EmilioCuoco,a,Carmine
Minopolia,AlessandroSantia,StefanoCalir
oa,AntonioPiersantib,GianfrancoGalli
b,1),” Radon (222Rn) levels in thermal
waters of the geothermally active Campi
Flegrei volcanic caldera (Southern Italy):
A framework study using a RAD7 radon
detector”, Journal of Volcanology and

Geothermal Research, Volume

November 2022, 107641.

431,

[12] Anurani Girija Rengan, Sabu Joseph and
Selvakumar Chellamuthu,, Seasonal and
geological controls of radon (222Rn) in
groundwater of Vamanapuram river basin,
SW India, Geocarto International, DOI:
10.1080/10106049.2022.2142961

[13] Google Maps

[14] Ali, N., Khan, E. U., Akhter, P., Khan, F.,
& Waheed, A. (2010). Estimation of mean
annual effective dose through radon
concentration in the water and indoor air
of Islamabad and Murree. Radiation
protection dosimetry, 141(2), 183-191.

[15] Durridge Company Inc. (2019). RAD7
RAD H20—radon in water accessory
owners manual.

[16] Abojassim, A. A. (2020). Comparative
study between active and passive
techniques  for  measuring  radon
concentrations in groundwater of Al-
Najaf city, Iraq. Groundwater for
Sustainable Development, 11, 100476.

[17] WHO, G. (2011). Guidelines for
drinking-water quality. World Health
Organization, 216, 303- 304.

[18] Clarke, R. H., & Bines, W. (2011).
Evolution of ICRP recommendations-
1977, 1990, and 2007. Changes in
underlying science and protection policy
and case study of their impact on
European and UK Domestic
Regulation2011.

[19] WHO, G. (2011). Guidelines for
drinking-water quality. World Health
Organization, 216, 303- 304.

3409



