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ABSTRACT 

Radon chemical element for which an inert gas is colorless, odorless and tasteless, it is also 

radioactive elements, Radon is chemically inert and non-flammable and very poisonous and 

carcinogen by inhalation.  The aim of this project is Knowledge of radon concentration level and the 

annual effective dose in drinking water in Babylon Governorate. Current work presents the results of  

the radioactive gas radon in samples of drinking water in the schools of AL-Kifel in Babylon 

Governorate  Was chosen as the water from 16 schools  by using the electronic radon detector RAD 

H2O, where the highest value (1.15) Bq·L
-1

 and the lowest value (0.0362) Bq·L
-1  

and effective dose 

for, human exposure to radon rate from (0.158556) mSv·y
-1  

to (5.037) mSv·y
-1

. At last may be 

concluded, the results of radon concentrations and annual effective dose in all samples show no 

significant radiological risk for the inhabitants in the reign study. 

 

Keyword: Radioactive; Drinking water; RAD7; Radon in Water; Schools; Human life; Annual 

Effective Dose 

 

 

 

1.  INTRODUCTION 

 

Radon, a naturally occurring radioactive noble gas, is the main source of the natural 

radiation received by population. It is derived from the activities of naturally occurring radio- 

nuclides of uranium and thorium series, specifically of radium in rocks and can diffuse 

directly or as solution in water to the earth’s surface [1]. Radon contributes one half of the 
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total annual dose from radiations of all kinds. It is a natural inert radioactive tasteless and 

odorless gas, whose density is 7.5 times higher than that of air, dissolves in water and can 

readily diffuse with gases and water vapor, thus building up significant concentrations. The 

physical half-life of radon is 3.825 days and half-elimination time from lungs 30 min. Radon 
222

Rn, which is the daughter of uranium 
238

U, represents the most important radon isotope. 

Decay of the radon nucleus 
222

Rn yields short-living daughters: polonium 
218

Po, lead 
214

Pb, 
214

 

Po and bismuth 
214

Bi [2].  

Radon is a radioactive gas that emanates from rocks and soils and tends to concentrate 

in enclosed spaces like underground mines or houses. Soil gas infiltration is recognized as the 

most important source of residential radon. Other sources, including building materials and 

water extracted from wells, are of less importance in most circumstances, dissolved radon is 

easily released into the air when the water is used for showering, cleaning, and other everyday 

purposes in homes. Radon is a major contributor to the ionizing radiation dose received by the 

general population [3]. Knowledge of the levels of radon in each source including household 

water, particular water from ground sources is necessary to protect public from consequences 

of excessive exposure to radiations mainly from the lung cancer. Radon was measured in 

water in many parts of the world, mostly for assessing the risk due to consumption of drinking 

water. Water is an indispensable natural resource on earth. Approximately 71% of the earth’s 

surface is covered with water. Fresh water is found as underground water in large reservoirs 

surrounded by rock called aquifers and surface water. It is an essential and vital component 

for survival of all the living beings. There is a great demand for pure water because the 

groundwater and surface water are highly polluted due to urbanization and industrialization. 

Out of the total amount of global water, only 2.4% is distributed on the main land, of which 

only a small portion can be utilized as fresh water [4]. 
 222

Rn gas generated from the colluviums and alluvium can enter groundwater by 

dissolution. Numerous factors such as geology, geochemical properties of parent radio 

nuclides, hydrological conditions, abundance of parent radio nuclides, and radio nuclides 

sorbent by the rocks or soils are potential parameters that can affect the concentration of 
222

Rn 

in groundwater [5]. The United States Environmental Protection Agency (USEPA) is in 

campaign to promote radon testing and mitigation and radon resistance construction practices. 

The month of January is recognized as National Radon Action Month by the USEPA [5]. 

The USEPA recommended zero concentration of 
222

Rn in drinking water and this has 

been proposed as maximum contaminate level goal (MCLG) since 1999; however, this limit 

is anon – enforceable limit [6]. In the Safe Drinking Water Act Amendments of 1996 the 

USEPA has recommended the maximum level (MCL) for 
222

Rn in drinking water as 11 Bq/ L 

(300 pCi/L) [5]. 

Radon from the groundwater can enter our living environment by various routes: such 

as Rn gas released from water in showering, dishwashing, and laundry [6]. Direct inhalation 

is probably the most likely mechanism that radon
 222

Rn, enters into our body, although other 

route such as dermal sorption is possible [5].  

 

 

2.  PHYSICAL PROPERTIES  
 

Radon is a colorless, odorless gas with a boiling point of -61.8 °C (-79.2 F). Its density 

is 9.72 grams per liter, making it about seven times as dense as air. It is the densest gas 
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known. Radon dissolves in water and becomes a clear, colorless liquid below its boiling point. 

At even lower temperature, liquid radon freezes. As a solid, its color changes from yellow to 

orangish-red as the temperature is lowered even further. It is a dramatic sight since it also 

glows because of the intense radiation being produced [7].  

 
 

3.  CHEMICAL PROPERTIES  

 

Radon was long thought to be chemically inert. The term inert means incapable of 

reacting with other substances. In the early 1960s, however, a number of chemists found ways 

of making compounds of the noble gases. They did so by combining a noble gas with a very 

active element. The element generally used was fluorine, the most active chemical element. 

The result was the formation of noble gas compounds. The first radon compound to be 

produced was radon [7] . 

 

 

4.  EXTRACTION  

 

Radon is produced during the breakdown of radium. It is obtained commercially by the 

following method. A compound of radium is placed under water. Gases given off by the 

radium compound are collected in a glass tube. Oxygen, nitrogen, water vapor, carbon 

dioxide, and other gases are removed from the gas in the tube. The gas that remains is pure 

radon [7]. 

 

 

5.  BIOLOGICAL EFFECT OF RADON 
 

Because of the radiation it produces, radon is a highly dangerous material. It is used 

only with great caution. Radon is especially dangerous because it is inhaled, exposing fragile 

tissues to penetrating radiation. 

When radon gas is inhaled, the ionizing alpha particles emitted by the decay products of 
218

Po and 
214

Po can interact with the biological tissue in the lungs leading to DNA damage, 

and it refers to the ingestion of dissolved radon in water will result in a radiation dose to the 

lining of the stomach [8]. 

 

 

6.  LOCATION OF THE STUDY AREA 

 

Hilla is a city in Iraq, south of the capital Baghdad, which has an area of (191 Km
2
) and 

pose of the total area of the province of Babylon (21.8%), with location of latitude (3236) N, 

and longitude (4415) E [9]. 

 



World Scientific News 54 (2016) 191-201 

 

 

-194- 

 
 

Fig. 1. Sketch map shows locations of study samples in the schools of  Kifel. 

   

 

7.  EXPERIMENTAL METHOD 
 

The RAD7 is a highly versatile instrument that can form the basis of a comprehensive 

radon measurement system. It may be used in many different modes for different purposes 

and The RAD7 is a rugged and long-lasting piece of equipment [10]. It may be used in many 

different modes for different purposes continuous monitoring of Radon in air,sniffing for 

Radon and/or Thoron, testing air grab samples, measuring Radon in water, testing soil gas, 
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and measuring Radon and Thoron emission from objects and surfaces. Professional Electronic 

Radon Detector. Detector Passivity, Implanted, Planar Silicon detector, insensitive to 

vibrations and noise that plague many other detectors [11]. Figure 2 and 3 show the 

Experimental laboratory and schematic diagram of RAD-7 H2O respectively. 

Through the filter the sample air is sucked in by the pump and reaches the detector 

chamber. There a high voltage of 2000 to 2500 V between the detector and the hemisphere 

accelerates the positively ionized particles towards the detector. If a radon nucleus decays in 

the chamber into a positively ionized polonium-218 this particle will be accelerated towards 

the detector. On the surface of the detector the short lived 
218

Po decays and the α radiation 

with a characteristic energy is emitted to the detector. The detector produces a signal with 50 

per cent probability. This signal is intensified electronically and transformed into a digital 

signal. The microprocessor stores the energy level of the signal and produces the spectrum. 

After the preparations of the measurement we can pump radon containing air into the RAD7. 

After a short time we can see some counts in the energy interval A, which is the energy 

interval of the α decay of 
218

Po. Usually the counting rate increases in the first five minutes, 

because in this period of time the amount of positive ionized 
218

Po nuclei increases until it 

reaches a constant level on the detector. After 20 minutes the secular equilibrium state 

between 
218

Po and 
222

Rn is reached, the activity of the daughter nucleus is similar to the 

activity of the mother nucleus. At this time almost all counts can be found in the energy level 

A, which you can see in Figure 4. After a period of time we find that the counts per time in A 

are constant, but the overall counting rate increase. These new counts occur at the energy 

level C of the spectrum. They originate from the decay of 
214

Po which reaches its equilibrium 

state after 3 hours. In the full equilibrium state the height of both peaks is almost equal, as 

shown in Fig. 4 [12]. 

The water collected directly from the tap is used by the schools. The water samples 

were taken in 250 mL vials. In the present research, as a sample was collected, it was 

analyzed immediately on the entire sampling site. The time difference between taking the 

sample and analyzing it was few minutes, so no decay of radon in the water occurred. The 

RAD-7 detector converts alpha radiation directly to an electric signal. RAD-7 has the ability 

to distinguish between old and new radon. In RAD H2O gives results after a 30-min analysis 

with a sensitivity that matches or exceeds that of liquid scintillation methods. The RAD H2O 

method employs a closed loop aeration scheme, whereby the air volume and water volume are 

constant and independent of the flow rate. The air recirculates through the water and 

continuously extracts the radon until the state of equilibrium develops. The RAD H2O system 

reaches this state of equilibrium within about 5 mint, after which no more radon can be 

extracted from the water. The extraction efficiency or percentage of radon removed from the 

water to the air loop is very high about 94% for a 250 mL sample. The exact value of the 

extraction efficiency depends somewhat on ambient temperature, but it is almost always well 

above 90%. The RAD-7 detector converts alpha radiation directly to an electric signal [13]. 

On some occasions, water is consumed immediately after leaving the faucet before its 

radon is released into the air, This water goes directly into the stomach and in this period, the 

alpha particles generated from the dissolution of radon stick to the wall of the stomach, 

During that process, These cells can receive a radiation dose from alpha particles emitted by 

radon and radon decay products that are created in the stomach wall, After passing through 

the wall, radon and decay products are absorbed in blood and transported throughout the body 
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[8]. The annual effective dose to an individual consumer due to intake of radon from drinking 

water is evaluated using the Eq. (1), as shown in the Table (1). 

 

                                     Dw = Cw CRw Dcw.................................. (1) 

 

where: 

Dw is the annual effective dose (Sv·y
-1

) , Cw concentration of 
222

Rn (Bq·L
-1

)  

CRw annual intake of drinking water (1095 L·y
-1

),  

Dcw is the ingested dose conversion factor for 
222

Rn (4 Sv·Bq
-1

) [10].  

 

 
 

 

Fig. 2. Schematic diagram of RAD7, solid state, ion implanted, planar silicon alpha detector 

with RAD H2O [10]. 
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 Figure 3. RAD7 H2O [5]. 

 

 
 

 

Figure 4. RAD7 alpha spectrum-
218

Po (window A) and 
214

Po (window C) [12]. 
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8.  RESULTS AND DISCUSSION 

 

Table 1. Radioactive radon gas concentrations in samples from the schools. 

 

Samples location 

Effective 

dose 

(mSv·y
-1

) 

Low  

(Bq·L
-1

) 

High  

(Bq·L
-1

) 

Mean 

(Bq·L
-1

) 
Sample Schools 

N32º,13ʹ,6.07ʺ 

E 44º,22ʹ,0.39ʺ 
0.158556 0.00 0.145 0.0362 R1 

Shouhedaa 

Al-Kifel 

N 32º,18ʹ,45.53ʺ 

E 44º,25ʹ,56.83ʺ 
0.158556 0.00 0.145 0.0362 R2 Al-Menar 

N32º,22ʹ, 53.75'ʺ 

E 44º,21ʹ,52.30ʺ 
0.47742 0.00 0.145 0.109 R3 

Ibrahim 

AL-Khalil 

N 32º,20ʹ,29.15ʺ 

E 44º,23ʹ,18.9ʺ 
0.15768 0.00 0.145 0.036 

 

R4 
Al-Raranjia 

N 32º,24ʹ,39.52ʺ 

E 44º,24ʹ,51.11ʺ 
0.158556 0.00 0.145 0.0362 

 

R5 
Dhi Qar 

N 32º,15ʹ,0.97ʺ 

E 44º,25ʹ,35.49ʺ 
5.037 0.145 2.620 1.15 R6 Trabuls 

N 32º,15ʹ,51.45ʺ 

E 44º,22ʹ,42.03ʺ 
0.316236 0.00 0.145 0.0722 R7 Moradia 

N 32º,16ʹ,1.04ʺ 

E 44º,23ʹ,49.86ʺ 
0.136236 0.00 0.145 0.0722 R8 Kufa 

N 32º,12ʹ,32.64ʺ 

E 44º,22ʹ17.92ʺ 
0.47742 0.00 0.290 0.109 R9 

Al- 

Shihabia 

N 32º,12ʹ,35.85ʺ 

E 44º,26ʹ,19.97ʺ 
1.74324 0.145 0.724 0.398 R10 

Zaid ibn Ali 

 

N 32º,15ʹ,43.23ʺ 

E 44º,21ʹ,44.78ʺ 
0.47304 0.00 0.432 0.108 R11 Al-Naaman 

N32º,17ʹ,53.57ʺ 

E 44º,20ʹ,25.24ʺ 
0.317112 0.00 0.290 0.0724 R12 Al-Jihad 

N 32º,19ʹ,53.89ʺ 

E 44º,19ʹ,4.84ʺ 
0.47304 0.00 0.145 0.108 R13 Beirut 

N 32º,15ʹ,8.21ʺ 

E 44º,20ʹ,50.02ʺ 
0.31536 0.00 0.288 0.072 R14 Al-Zahraa 

N 32º,16ʹ,33.17ʺ 

E 44º,19ʹ,49.96ʺ 
0.47304 0.00 0.290 0.108 R15 Al- Bilal 

N 32º,13ʹ,30.11ʺ 

E 44º,21ʹ,22.08ʺ 
0.317112 0.00 0.145 0.0724 R16 Al-Noor 
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The study area is the city of the Kefil, in Babylon Governorate, Radon concentration in 

these samples (samples drinking water) was measured with RAD7. The RADH2O is an 

accessory for RAD7 that enables you to measure radon in water with high accuracy, a wide 

range of concentrations For your reading within half an hour of taking a sample. The results 

obtained to conduct radon measurement in drinking water could be clarified through the Table 

(1). which shows the radon concentration in drinking water for 16 samples as well as the 

annual effective dose for each sample with surrounding coordinates of the sample. The 

maximum concentration of 
222

Rn of al-Kifel at the location sample R6 was 1.15 Bq·L
-1

 and 

the minimum concentration of 
222

Rn which may equal some schools at the location sample 

R1, R2, R4, R5 (0,0362 Bq·L
-1

). The allowed maximum concentration level in drinking water 

which 11.1 Bq·L
-1

, proposed by EPA [14], therefore most results that its obtained in this study 

are less than the allowed maximum. The estimated annual effective dose ranged from 

(0.158556) mSv·y
-1 

to 5.037 mSv·y
 -1 

are shown in Table 1, and as graphically .Since the 

effective dose depends on the mean radon concentrations, the areas which recorded high 

concentrations also had high values of annual effective dose. According to the World Health 

Organization (WHO) guidance level in drinking water on intake of radionuclides, the annual 

effective dose due to intake of radionuclides should not exceed 1 mSv·y
-1

 [15].  

 

 
 

Fig. 5. Bar diagram showing variation in radon concentration of the water samples. 
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This shows that the calculated annual effective dose due to ingestion of radon in water 

to any individual adult in the population group living in R6, R10 is slightly higher than the 

average value set by the WHO [15]. The present results show that the annual effective dose in 

other schools and the average annual effective dose not exceeding the annual effective dose 

limit of 1 mSv·y
-1

. 

 

 

9.  CONCLUSION 
 

The present study reveals that the radon concentrations in the water of the schools are 

well below the recommended safe limit value, These results have shown variations of radon 

concentration in water due to different locations of the samples was taken, nature and 

geological physiographic region. Results show that the annual effective dose for most samples 

are below the allowable level. The variation of radon concentration may be due to the depth of 

the water source, geological structure of the studied area, and may be correlated to varying 

uranium content in drinking water. This research was done in order to determine the effect of 

this gas also natural waters contamination is a worldwide problem which deserves large 

attention not only due to its environmental hazards but also for the risks to the human health 

as well as the economical damages. Between the wide diversity of pollutant affecting water 

resources occurrence of these ions receives particular concern considering their strong toxicity 

even at low concentrations. 
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