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Abstract :

Radioactive radon is considered one of the most dangerous types of noble gases and is 
the main cause of lung cancer. Water is an important source of its emissions, so determining 
its levels and the dose resulting from inhalation or ingestion is important for people’s gen-
eral health. The levels of radium and radon gas concentrations were measured in samples of 
surface water and groundwater and drainage water collected from various locations in the 
Al-Abayji area, Baghdad, Iraq, using alpha particle tracking technology. The average results 
of radium concentrations in surface water, groundwater, and drainage water are 0.223 Bq/L, 
0.130 Bq/L, and 0.302 Bq/L respectively. Levels of radon gas concentrations in drainage 
water are higher than in surface water and groundwater. Levels of radioactive radon gas 
concentrations were less than the safe limits of 11 Bq/L. Also, the average effective annual 
dose for ingestion and inhalation of water was less than 100 μSvy−1 that the EU Council 
and WHO recommend.
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مستخلص:

يعتــر غــاز الــرادون المشــع مــن أخطــر أنــواع الغــازات النبيلــة والمســبب الرئيــي لسرطــان الرئــة. ويعتــر المــاء 
ــا  ــر مه ــه أم ــاقه أو ابتلاع ــن استنش ــة ع ــة الناتج ــتوياته والجرع ــد مس ــان تحدي ــك ف ــه ، لذل ــاً لانبعاث ــدراً مه مص
لصحــة المجتمــع. تــم قيــاس مســتويات تراكيــز الراديــوم وغــاز الــرادون في عينــات مــن الميــاه الســطحية والجوفية 
وميــاه البــزل التــي تــم جمعهــا مــن مواقــع مختلفــة في منطقــة العبايجــي، بغــداد، العــراق، باســتخدام تقنيــة تتبــع 
جســيات ألفــا. متوســط   نتائــج تراكيــز الراديــوم في الميــاه الســطحية، والميــاه الجوفيــة، وميــاه البــزل هــي 0.223 
ــاز  ــزات غ ــتويات تركي ــت مس ــوالي. كان ــى الت ــر ع ــر، و0.302 بيكريل/ل ــر، 0.130 بيكريل/ل بيكريل/ل
الــرادون في ميــاه البــزل أعــى مــن تراكيــزه في الميــاه الســطحية والميــاه الجوفيــة. وكانــت مســتويات تراكيــز غــاز 
الــرادون المشــع أقــل مــن الحــدود المســموح بهــا  11 بيكريل/لــر. كــا أن متوســط   الجرعــة الســنوية الفعالــة عنــد 
الابتــلاع  او استنشــاق المــاء كانــت أقــل مــن  μSvy−1 100 الــذي أوصى بــه مجلــس الاتحــاد الأوروبي ومنظمــة 

الصحــة العالميــة.
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Introduction
Radon gas is one of the sources of 

natural nuclear radiation. It is generat-
ed mainly from the natural degradation 
of (238U), (232Th), and (235U) chains. Ra-
don is the only mineral that exists in a 
gaseous state [1]. Radon has three ra-
dioactive isotopes: (222Rn), (220Rn), and 
(219Rn). The isotope 222Rn is an import-
ant isotope in geological and environ-
mental studies because of its relatively 
long half-life of 3.82 days. The role of 
the other two isotopes 220Rn and 219Rn 
can be neglected due to their short half-
lives (5.66 and 3.92) seconds, respec-
tively [2].

Exposure to 222Rn gas is a serious 
health problem, and the relationship 
between exposure to alpha particle 
emitters and the incidence of lung can-
cer has been proven [3]. UNSCEAR 
estimates that radon, along with the 
daughter radionuclides resulting from 
its decay, contributes about three-quar-
ters of the annual effective dose equiv-
alents received by humans [4].

    Water is a source of radon emis-
sions. The dissolution of radon in water 
increases with decreasing temperature. 
When groundwater passes through soil 

rocks, it absorbs a significant percent-
age of radon. When the water is heat-
ed, a significant percentage is released 
into the medium. The amount of 222Rn 
gas in water depends on the geologi-
cal characteristics of the rocks and the 
type of water used [2].

SSNTD technology for detecting 
traces of alpha particles is considered 
one of the simplest methods used to 
measure the level of 222Rn gas concen-
tration in water. It is characterized by 
its high sensitivity to radiation and re-
sistance to external damage, and it pre-
serves traces for the longest possible 
period [5].

Study site
Al-Abayji area is located within the 

alluvial plain area in the northern part 
of the Baghdad region - Iraq. Between 
two circles of longitude (44°23’49”-
˚44°11’52”) east and two circles of lat-
itude (33°46’37” -33°40’12”) north. It 
is considered one of the most import-
ant agricultural areas. To irrigate crops, 
it relies on surface water, groundwater, 
and drainage. Therefore, the impor-
tance of the research lies in evaluating 
the quality of the water used to irrigate 
crops and the water used for human 
purposes. Fig. (1) shows the study area.
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Materials and Methods
5 samples of surface water, 5 sam-

ples of groundwater, and 3 samples of 
drainage water  were collected within 
the districts of the Al-Abayji region 
- Baghdad - Iraq. Table 1 shows the 
codes and locations for taking water. 
Half a liter of each sample is taken and 

placed in plastic containers. A CR-39 
detector with dimensions of (1x2) cm2 
was placed on the surface of the con-
tainer and at a distance of 9 cm above 
each water sample. The containers 
were sealed to prevent radon leakage 
from the water samples. The reagents 
are left for a full month.

Fig. 1 Water sampling sites from Al-Abayji area - Baghdad - Iraq



After the exposure process is carried 
out, trace detectors are taken to con-
duct a chemical scraping process us-
ing (NaOH) and its standard (6.25N), 
which is obtained by dissolving (250g) 
of (NaOH) in one liter of distilled wa-
ter. The temperature was kept constant 
(± 1Cº) during the skimming process. 
Low temperatures lead to condensa-
tion, which affects the solution. Also, 
temperatures must be prevented from 
rising to high values because they 
cause damage to the detector [6].

To detect traces of alpha particles, 
an optical microscope (400 x) was 
used. The average number of traces 
(Nave) for the sample (x) is divided by 
the calculated unit area (A) to obtain 
the density of traces using the eq.1

Where : xρ   (Track/mm2) density 
of traces, Nave  the rate of total effects 
within the area (A (mm2)7]  ].

Table 1: Codes and locations for taking water 
from the Al-Abayji area - Baghdad - Iraq.

Code of model Water type Location for taking water samples

Sw1 Surface water Al-Abayji District

Sw2 Surface water Tal Bisht District

Sw3 Surface water Arfiat District

Sw4 Surface water Umm Al-Sun District

Gw1 Groundwater Al-Abayji District

Gw2 Groundwater Tal Bisht District

Gw3 Groundwater Arfiat District

Gw4 Groundwater Umm Al-Sun District

Gw5 Groundwater Kalash District

Dw1 Drainage Al-Abayji District

Dw2 Drainage Tal Bisht District

Dw3 Drainage Umm Al-Sun District

Dw4 Drainage Kalash District

)1......(..................................................)(
A

N ave
x =ρ
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The Calculations
the technique of calculating the ef-

fects of alpha particles emitted from 
radon gas was used to calculate the 
concentrations of 222Rn gas in surface 
water, groundwater and Drainage wa-
ter in the Al-Abayji region - Baghdad 
- Iraq.

Through comparison with standard 
samples using Eq. 2, the concentrations 
of radioactive radon gas were calculat-
ed [1]

Where   and  (Track/mm2) 
density of traces for the unknown 
and standard samples, respectively: 

  (Bq/L) Radon concen-
tration for the unknown and standard 
samples, respectively [7].

As for the concentrations of radium 
(Ra) in the water of the Al-Abayji re-
gion - Baghdad, Iraq, they are calculat-
ed through the eq.3 [8].

Where: h is the distance between the 
sample and the detector, A is the sur-
face area of the sample, M is the mass 
of the sample,  is the effective time 

and is calculated from the eq.4

Where: λ is the decay time for radon 
gas = 0.181 day-1 , t is the exposure 
time.

The annual effective dose from 
drinking water was calculated through 
eq.5 

    Where:  :is Radon gas con-
centrations in water (Bq/l),  the 
daily consumption of water (2 L/day), 

 Specificity factor (10−8 Sv/Bq), 
 [9].

The annual effective dose for water 
inhalation was calculated through eq. 6

Where:  :is Radon gas concen-
trations in water (Bq/l),R : this means 
that radon concentrations of 10 Bq/L 
in water are equivalent to 1 Bqm−3 
in air, D : the dose conversion factor  
(  ), F the factor of equilibrium be-
tween 222Rn gas and its progeny indoors 
(0.4) ,  [9]

The total annual effective dose was 
calculated through eq. 7 [9].
 



Results and Discussion
Alpha particle tracking technology 

was used to calculate the levels of Ra-
dium and 222Rn gas concentrations in 
the water of the Al-Abayji area - Bagh-
dad - Iraq. The results of the levels of 
Radium and 222Rn gas concentrations 
in surface water are listed in Table 2. It 
is noted from the table that the highest 
concentration of Radium and 222Rn gas 
levels was in Tal Bisht District, and the 
lowest concentration of Radium and 
222Rn gas levels was in Arfiat District. 
The average concentration for Radium 
is 0.223 Bq/L and for 222Rn gas is 3.673 
Bq/L. The results of the levels of Ra-
dium and 222Rn gas concentrations in 

groundwater were listed in Table 3. It 
is noted from the table that the highest 
concentration of Radium and 222Rn gas 
levels was in the Al-Abayji District, 
and the lowest concentration of Radi-
um and 222Rn gas was in the Umm Al-
Sun District. The average concentra-
tion of Radium is 0.130 Bq/L and that 
of 222Rn gas is 2.138 Bq/L.

The results of the levels of Radium 
and 222Rn gas concentrations in drain-
age were also listed in Table 4. It is 
noted from the table that the highest 
concentration of Radium and 222Rn gas 
levels was in the Umm Al-Sun District, 
and the lowest concentration of radium 
and radon was in the Kalash District. 
The average Radium concentration is 
0.302 Bq/L and the average 222Rn gas 
concentration is 4.988 Bq/L.

Table 2: Concentration levels of Radium and radioactive radon gas 
in surface water taken from the Al-Abayji area - Baghdad - Iraq.

Code of model
density of traces 

(Track/mm2)
concentrations of 
radon gas (Bq/L).

Radium concentration
(Bq/L)

Sw1 4149.828 3.42 0.207

Sw2 5108.414 4.21 0.255

Sw3 3810.076 3.14 0.190

Sw4 4756.528 3.92 0.238

Average 4456.2112 3.673 0.223
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Figure 2 shows a comparison be-
tween the concentrations of 222Rn gas 
and Radium in types of water taken 
from the Al-Abayji area - Baghdad - 
Iraq. It is noted from the figure that the 
highest concentration of 222Rn gas and 
Radium was in the water taken from 
Drainage. Drainage contains a lot of 
salts and minerals dissolved in it. It is 
also noted that the concentrations of 
222Rn gas and Radium in surface wa-

ter are higher than in groundwater. The 
reason for this is that the study area is 
an agricultural area and its cultivation 
depends on phosphate fertilizers that 
contain levels of radionuclides. The 
concentrations of 222Rn gas in the sam-
ples from the Al-Abayji region - Bagh-
dad - Iraq, did not exceed the maximum 
threshold of contamination of 11.11 
Bq/L suggested by the USEPA  . 

Table 3: Concentration levels of radium and  radon gas 
in groundwater taken from the Al-Abayji area - Baghdad - Iraq.

Code of model
density of traces 

(Track/mm2)
concentrations of 
radon gas (Bq/L).

Radium concentration
(Bq/L)

Gw1 3300.448 2.72 0.165
Gw2 2256.924 1.86 0.113
Gw3 2451.068 2.02 0.122
Gw4 1917.172 1.58 0.096
Gw5 3045.634 2.51 0.152

Average 2594.249 2.138 0.130

Table 4: Concentration levels of radium and radioactive radon gas 
in drainage taken from the Al-Abayji area - Baghdad - Iraq.

Code of model
density of traces 

(Track/mm2)
concentrations of 
radon gas (Bq/L).

Radium concentration
(Bq/L)

Dw1 6358.216 5.24 0.318
Dw2 6042.732 4.98 0.302
Dw3 6455.288 5.32 0.322
Dw4 5351.094 4.41 0.267

Average 6051.833 4.988 0.302



The average annual dose of radon 
gas resulting from drinking and inhal-
ing water is shown in Table 5. It is noted 
from the table that the effective dose of 

radon gas resulting from drinking and 
inhaling water is less than the maximum 
limit of 100 μSvy−1 that the EU council 
and WHO recommend [10].

Fig. 2: 
comparison between 
the concentrations of 

222Rn gas and 
Radium 

in types of water 
taken from the 

Al-Abayji 
area - 

Baghdad - Iraq

Table 5: The annual effective dose resulting 
from drinking water and inhaling water and the total annual effective dose

Code of model     

Sw1 24.97 8.62 33.58
Sw2 30.73 10.61 41.34
Sw3 22.92 7.91 30.83
Sw4 28.62 9.88 38.49

Average 26.81 9.25 36.06
Gw1 19.86 6.85 26.71
Gw2 13.58 4.69 18.27
Gw3 14.75 5.09 19.84
Gw4 11.53 3.98 15.52
Gw5 18.32 6.33 24.65

Average 15.61 5.39 21.00
Dw1 38.25 13.20 51.46
Dw2 36.35 12.55 48.90
Dw3 38.84 13.41 52.24
Dw4 32.19 11.11 43.31

Average 36.41 12.57 48.98
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Conclusion
The levels of concentrations of Ra-

dium and radioactive radon gas were 
measured in the water of the Al-Abay-
ji area, Baghdad, Iraq, using the alpha 
particle tracer technique. The Al-Aba-
yji area is considered one of the most 
important agricultural areas in Bagh-
dad. Models of surface water, ground-
water, and other models of drainage 
water were chosen. The results showed 
that the highest concentrations of radi-
um and radon were in the drainage wa-
ter samples. Levels of radioactive ra-
don gas concentrations were less than 
the safe limits of 11 Bq/L. Also, the 
average effective annual dose for inges-
tion and inhalation of water was less 
than 100 μSvy−1 that the EU Council 
and WHO recommend.
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