
Background
Radium has 4 radioactive isotopes, 226Ra (half-life=1600 
y), 228Ra (half-life=5.75 y), 223Ra (half-life=11.4 d), and 
224Ra (half-life=3.7 d) originating from the decay of 235U, 
238U and 232Th isotopes (1,2). The abundance of each 
radioisotope in environmental samples depends on several 
important factors such as the specific activity concentration, 
mobility of its parent nuclide, and its half-life. Radium 
radioisotopes are highly mobile in the environment and are 
important radionuclides to be considered in the radiological 
protection of the environment due to its prevalence (3,4). 
226Ra is an alpha-emitting element, with a very long 
half-life of 1600 years, which decays into 222Rn gas. The 
chemical and biological behaviors of 226Ra are similar to 
those of the other alkaline earth metals (5). Radium-226 
is an important naturally occurring radionuclide in the oil 
and gas industry. This is mainly due to its long half-life and 
radiological effects owing to the similarity of its chemical 
and biological behaviors to those of other alkaline earth 
metals (6-8).

Radon is a naturally occurring radionuclide in the 
earth’s crust, and its concentration is different in different 
geographic areas. The alpha particles produced in the 
decay of 222Rn gas are very dangerous as radon enters the 
body through breathing. Although the half-life of radon 
gas is short, it can accumulate in buildings or spring water 
and increase the risk of internal exposure. According to the 
United States Environmental Protection Agency (EPA), 
radon gas is the second most important cause of lung 
cancer (9). Therefore, the use of detectors with accurate 
response is necessary for the measurement of radon 
concentration in dwellings. Standard Radium sources 
are used for calibration of radon detectors. The purpose 
of this study was to use radiochemical method for soil 
decontamination and extraction of 226Ra from the soils 
with a high concentration of 226Ra.

Materials and Methods
Sample Collection and Preparation
There are a few regions in the world having high levels 
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Abstract
Background: Radium-226 is a radioactive element, with a very long half-life of 1600 years, producing 
radon gas. According to the United States Environmental Protection Agency, radon gas is the second most 
important factor causing lung cancer. 
Objectives: The purpose of this study was to separate 226Ra from the soil of high background radiation 
area by a radiochemical method for using in radon calibration chamber.
Methods: 226Ra can be used in standard calibration chambers for calibration of radon detection 
systems. For this purpose, radiochemical method was used to extract radium from the soil with a high 
concentration of 226Ra. Four soil samples used in this study were selected from high background radiation 
areas of Ramsar, north of Iran. Equal amounts of samples were gathered from each region and ground. 
The specific activity of radium-226 was measured with HPGe detector. The highest specific activity 
of radium-226  (44.8 Bq/g) belonged to Talesh-Mahaleh. After radiochemical separation of 226Ra, the 
specific activity of extracted radium crystals was measured with the HPGe detector.
Results: According to the results, the specific activity of 226Ra was found to be 94.97 Bq/g. Therefore, the 
specific activity of 226Ra was 2.12 times greater in the extracted crystals than in the original soil samples. 
Conclusion: The results indicate that using the radiochemical method proposed in this study, 226Ra can 
be extracted with an efficiency of 42%. 
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of natural background radiation. Some areas of Ramsar 
have been found to have the maximum amount of natural 
radiation in the world. In this study, different soil samples 
were selected from different regions of high background 
areas in Ramsar, north of Iran. These regions are Talesh-
Mahaleh, Khake-Sefid, Sadat-Mahaleh, and Shahrake-
Golha. Equal amounts of samples were gathered from each 
region and ground. To measure the radioactivity of the 
samples and select the soil with the highest specific activity 
of radium-226, the soils were transferred to Marinelli 
containers. The containers were sealed and kept for a 
month in order that the radioactive secular equilibrium 
is reached. The concentration of 226Ra in all samples was 
obtained using High Purity Germanium Detector (P-type 
Coaxial HPGe, USA) and a Multichannel analyzer (System 
8000, USA). The sample which was gathered from Talesh-
Mahaleh had the highest specific activity and was selected 
for radiochemical process and extraction of radium-226. 
The activity of the radioactive elements in the samples was 
calculated according to equation 1 (10).

cpsnet
A

pε
=

×
(1)

where A is the activity of a specific element in the 
soil sample, netcps is net detector counts per second in a 
particular energy, ɛ  is the detector efficiency in the given 
geometry and energy which was obtained using a sample 
with known activity concentration and the same geometry 
as the sample with unknown activity, and p is the probability 
of decay of the radioactive elements in the sample. These 
samples are the AQCS reference materials prepared by the 
international atomic energy agency (IAEA) which include 
thorium (RGTh), uranium (RGU), potassium (RGTh), 
and some other reference materials. Such reference 
materials are used for obtaining the efficiency and also for 
quality assurance of our measurement system.  

To ensure the quality of the gamma spectroscopy 
procedure in our laboratory, we participated in inter-
comparison proficiency test which is performed by the 
Iranian atomic energy organization each year. 

The gamma peaks of 242, 295, 352 keV of 214Pb and 
609 and 1765 keV of 214Bi were used for determining 226Ra 
concentration. Finally, the specific activity of the elements 
may be obtained by the following equation (10):

/sA A m= (2)

Where AS is the specific activity of 226Ra in the sample, A 
is the 226Ra activity, and m is the mass of the sample.

Radiochemical Separation of Radium-226 
Soil samples can be dissolved using a special flux. 

Radium-226 in solution is determined by precipitation of 
the sample with barium sulfate. 
The extraction method (11) is as follows: 
1) Flux preparation

a) 15 mg of BaSO4, 32.9 g of K2CO3, 15.3 g of
Na2CO3, and 16.8 g of Na2B4O7.10H2O were mixed
in a platinum crucible.
b) The mixture was heated.
c) The mixture was rotated occasionally after melting.
d) The solution was transferred to a porcelain mortar
after 30 minutes.
e) The solution was then dried and passed through a
10-mesh screen.
f ) It was stored in an airtight bottle.
(1) 1 g of the soil sample was moved to a platinum
crucible.
(2) 8 g of the powdered flux was added to and mixed
with the soil.
(3) The platinum crucible was placed for 30 minutes
on the burner until the material is melted. During this
time, it was rotated occasionally to blend well.
(4) The crucible was removed from the burner and
rotated so that the solution was solidified.
(5) The following solution was prepared in a beaker:
(120 mL distilled water + 10 mL 18M H2SO4 + 5 mL
30% H2O2)
(6) The platinum crucible was placed in the beaker,
and let the sample be separated from it.
(7) The magnetic stirring bar was transferred to the
beaker and started stirring. Then 50 mL of diluted
BaCl2 solution was added to it.
Diluted BaCl2 solution is:
(Dissolve 0.3558 g BaCl2.2 H2O in 100 mL distilled
water.)
(8) The contents of the beaker were stirred for 90
minutes, then, the magnetic stirring bar was removed,
and let the BaSO4 precipitate overnight.
(9) The clear liquid above the beaker was removed so
that the sediments remained.
(10) The sediments were completely poured into a
0.7-micrometer filter and rinsed twice with a vacuum
pump and 0.1 mol sulfuric acid solution.
Sulfuric acid solution (0.1 mol): Diluted 0.6 mL of
96% sulfuric acid solution to 100 mL with distilled
water.
(11) The filter was taken off carefully and placed
inside the platinum crucible.
(12) 25 drops of 48% HF and 0.3 mL of 10%
ammonium sulfate solution were added to the
crucible.
Ammonium sulfate solution (10%): (Dissolved 0.5 g
ammonium sulfate in 5 mL distilled water.)
(13) The crucible was placed on a hot plate at 100°C
until the contents evaporated and dried.
(14) 2 mL of acetone-ethanol mixture was added.
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Acetone-ethanol mixture: (50% Acetone and 50% 
ethanol)
(15) The crucible was placed on the burner for 10
minutes until the ashes were left.
(16) The crucible was removed from the heat and 1
mL of 15M H3PO4 was added to it.
(17) The crucible was put on a hot plate for 15
minutes at 100°C. For 30 minutes, the temperature 
was increased every 10 minutes.
(18) The crucible was placed on the burner until the
white matters were dissolved and the bubbles and
foam were seen.
(19) The crucible was placed in a hot water bath and
filled with 3M HCl.
3M HCl: (5 mL of 37% HCl +15 mL distilled water)
(20) The liquids finally evaporated after about 3 hours
and white crystals remained.

Sample Measurement
The obtained crystals were transferred to the petri dish 
container. The petri dish was sealed well to prevent 
the leakage of radon gas and kept for a month to reach 
the secular equilibrium. The primary soil sample was 
also transferred into another petri dish and completely 
sealed. After reaching the equilibrium, the soil and crystal 
containers were measured for 24 hours. As the activity 
of the primary sample was determined in the previous 
step, the detector efficiency for petri dish container can 
be calculated according to equation 1. According to the 
obtained data and the existing relationships, the activity 
and specific activity of the extracted crystals were calculated.

Results
The Activity of Radium-226 in Soil Sample
The activity of radium-226  in the soil samples was 
calculated using equation 1, as the average of activities of 
several peaks of radon progenies, i.e., 242, 295, and 352 
keV of 214Pb and 609 and 1765 keV of 214Bi. The measured 
data of the soil samples are given in Tables 1, 2, 3, and 4. 
The spectrum of the sample with the highest activity is 
shown in Figure 1.

The 226Ra activity in the primary soil sample was found 
to be 5.37 kBq. The specific activity of the primary sample 
was found to be 44.8 Bq/g according to equation 2.

The Activity of Radium-226 in Extracted Crystals
Gamma ray spectroscopy was performed for the extracted 
crystals. The activity of radium-226 in extracted crystals 
was calculated as the average of activities of several peaks of 
radon progenies, as described in the previous section. 

The 226Ra activity in the crystals was found to be 735 Bq. 
The specific activity of the extracted crystals was found to 
be 94.97 Bq/g according to equation 2. Table 5 compares 
the activity of the primary soil and the extracted crystals.

Discussion
The specific activity of the soil samples collected from 
Ramsar was between 40-45 Bq/g, which is about 1000 
times greater compared to the normal soil (12).

In this study, an average of 0.2 g crystal was extracted 
from each gram of soil. By comparing the activity of 
radium-226  for 1 g of soil and 0.2 g of crystals, the average 
efficiency of the 226Ra extraction from the soil sample was 
found to be 42% according to equation 3. Based on the 
following equation, this efficiency was calculated.

                                                             (3)
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By comparing the specific activity of radium-226 for the 
soil sample and extracted crystals, the quality of the crystals 
was determined using the following equation.
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Table 1. The Activity of Soil Sample from Talesh-Mahaleh (Sample Weight: 
120 g)

Energy (keV) Nuclide Soil activity, Bq

242 Pb-214 5110

295 Pb-214 5682

352 Pb-214 5291

609 Bi-214 5152

1765 Bi-214 5633

As = 5374/120 = 44.8 Bq/g

Table 2. The Activity of Soil Sample From Khake-Sefid (Sample Weight: 120 
g)

Energy (keV) Nuclide Soil activity, Bq

242 Pb-214 4992

295 Pb-214 5364

352 Pb-214 5010

609 Bi-214 5163

1765 Bi-214 5239

As = 5154/120 = 42.9 Bq/g

Table 3. The Activity of Soil Sample From Sadat-Mahaleh (Sample Weight: 
120 g)

Energy (keV) Nuclide Soil activity, Bq

242 Pb-214 4527

295 Pb-214 5008

352 Pb-214 4625

609 Bi-214 4883

1765 Bi-214 4902

As = 4789/120 = 39.9 Bq/g
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Therefore, it can be concluded that the radiochemical 
method used in this study is a very effective method for 
extracting 226Ra from the soil samples.

Conclusion
Radium-226 is usually used as a calibration source for 
radon detectors. It can be used in both liquid and solid 
forms in the calibration chambers. Currently, no standard 
radium-226 source exists in Iran to use as a calibration 
source. The aim of this study was to extract radium-226 
from the soil with the highest specific activity so that it is 
usable as a calibration source.

In this study, a very effective radiochemical method was 
used for extracting 226Ra from the soil samples. The specific 
activity of the soil samples was between 40-45 Bq/g, which 
is about 1000 times greater compared to the normal soil. 
An average of 0.2 g crystal was extracted from each gram 
of soil. The average efficiency of the 226Ra extraction from 
the soil sample was found to be 42% according to equation 
3. The specific activity of 226Ra was 2.12 times greater in 
the extracted crystals than in the soil samples. Therefore, a 
useful Radium source was extracted from the soil sample 
and can be used as a calibration source in radon calibration 
chamber. The extracted 226Ra can also be effectively used as 
a standard source for calibration of radon detectors.
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Table 4. The Activity of Soil Sample From Shahrake-Golha (Sample Weight: 
120 g)

Energy (keV) Nuclide Soil Activity, Bq

242 Pb-214 4641

295 Pb-214 5123

352 Pb-214 4899

609 Bi-214 5095

1765 Bi-214 5171

As = 4986/120 = 41.5 Bq/g

Table 5. Comparison of 226Ra Concentration in the Primary Soil and 
Extracted Crystals

Energy (keV) Nuclide Soil activity, Bq
Extracted Crystal 

Activity, Bq
242 Pb-214 5110 732 

295 Pb-214 5682 724

352 Pb-214 5291 728

609 Bi-214 5152 747

1765 Bi-214 5633 733

226Ra activity (Average 
of other nuclides)

5374 Bq 733 Bq

Specific activity of 

226Ra 
44.8 Bq/g 94.97 Bq/g
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Figure 1. Spectrum of the Primary Soil Sample Measured by HPGe Detector (24 
Hours). 

Figure 1. Spectrum of the Primary Soil Sample Measured by HPGe 
Detector (24 Hours).
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