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ABSTRACT 
 
 Shoorabil Lake, which locates in the middle of Ardabil city, is higher than the city itself. It is an enclosed 
sedimentary basin in southern mountain foots of Ardabil. This lake as one of the sensitive ecosystems of Ardabil 
is of unique and special physical, chemical, ecological, and biological properties For this reason with different 
samplings and performing the required experiments, we identified the amount of parameters and pollutions, and 
then we analyzed and compared them with local and universal standards. Moreover, we suggest some suitable 
approaches for reducing these pollutions. In this regard Shoorabil Lake, as a sensitive ecosystem in Ardabil 
province, with its unique physical, chemical, ecological, and biological properties under some extension 
program its natural system has changed permanently One of the elements which is potentially destructive to 
environment is ion generating radiances. this is the result of natural recourses with cosmic origin, natural 
radioactive substances in earth’s crust, and artificial resources like artificial radioactive substances and 
radioactive systems The amount of radioactivity around Shoorabil Lake is higher Their earlier research showed 
that the radioactive substance is a special gray-white dust. This dust has a round figure and can taken easily by 
wind from one place to another, and effects the respiratory organs of people who live around it. It is clear that 
the origin of these dusts is volcanic substances of Sabalan mount, which covered a vast area of Ardabil fields in 
last and first period of third and fourth era of geology, respectively. And bounteous Plants of Ardabil and 
Meghan have created on this substance. This volcanic substance turned to Botanite during some historic period 
and take radioactive properties. For determining activity degree of elements such as U-238, Ra-226, Th-232 and 
K-40, we sent 5 water to Iran’s atomic energy agency laboratory (Jaber-Ebn-Hayyan laboratory), and measured 
by HPGe Gamma spectrometer with germanium detector 
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Introduction 
 
- Location of the Lake in Ardabil Geo map:  
 
 Ardabil province with an area of 17953 km forms 1.09 percent of the country's total area. The province is 
located in the north of Iran plateau  
 Shoorabil Lake is located in southern part of Ardabil city. Map 1 shows the location of Ardabil province 
and town, and Shoorabil Lake in Iran (Ardabil State Province website, 2011). 
 
- Geographical position: 
 
Eastern longitude of : 48 ْ- 16 َ- 15 ″َ,   48 ْ- 17 َ- 36″َ and northern Latitude of: 38 ْ- 24 َ- 12″َ ,  38 ْ- 11 َ- 13″َ 
 
- Width:  
 
 The maximum area of Shoorabil wetland in the case of over flowing is above 250 hectares. Due to the water 
fluctuations, it is probable that its level decreased up to 120 hectares which is normal (Parivand, yagoob, 2001). 
 
- Capacity: 
 
 The capacity and depth of Shoorabil wetland in its maximum level is estimated 14 million cubic meters and 
21 meters, respectively. The minimum level this wetland is 2.02 million cubic meters, and in this situation its 
maximum depth is 7 meters (Sobhani, Sanjabed, 1986). 
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Table 1: The positions of station in lake’s water. 
Geographic longitude & latitude Position Station 

38°- 12'- 59˝     North 
48°- 17'- 35˝    East 

Entrance of the lake- opposite of central library No 1 

38°- 12'- 35˝   North 
48°- 16'- 44˝  East 

Opposite of recreational park No 2 

38°- 12'- 45˝    North 
48°- 16'- 49˝   East 

Middle of the lake No 3 

38°- 12'- 35˝    North 
48°- 16'- 18˝  East 

Entrance of water channel No 4 

38°- 12'- 25˝    North 
48°- 16'- 47˝  East 

Opposite of Kosar residential complex and exhibition No 5 

 
-Transferring step and measurement of samples from radioactivity perspective: 
 
 For determining activity degree of elements such as U-238, Ra-226, Th-232 and K-40, we sent 5 water 
samples to Iran’s atomic energy agency laboratory (Jaber-Ebn-Hayyan laboratory), and measured by HPGe 
Gamma spectrometer with germanium detector. Therefore, the specialists of atomic spectrometry laboratory 
measured the activity of elements. They observed all of the IAEA and ASTM standards in identifying samples’ 
kind and measurement of the degree of radioactivity (Ghannadi Maragheh, M., 2003). 
       The properties of measured elements include: 
 
- Uranium:  
 
 Uranium is shiny silvery metal with atomic number of 92 and atomic weight of 238.03, which boils in 1132 
centigrade. Its mass volume is 19.05 g / cm. It is one of the elements of Actinide series, which is among 
intermediate element. Uranium is a superabundant isotope. Two ppm of Uranium exists in earth’s crust, which 
found mainly in igneous stones. It is about 3.3 milligram / liter in seawater (Anooshirvani, Jhamak, 2004).  
 
- Radium: 
 
 During her investigation on Peechland quarry in 1898, Madam Kory discovered Radium. It is a white 
silvery metal, which is among alkali metals. This metal melts in 960 centigrade and boils in 1140 centigrade. 
The mass volume of Radium is 5 grams / cubic centimeter. Its atomic number and weight are 88 and 226, 
respectively. This element has 25 isotopes, which their mass number ranges from 206 to 230. Its abundance in 
earth is 13×10-6 ppm. The activity of Radium 226 in atmosphere is 2.6×10-6 Bekrel/cubic meter. It is 1.1×10-2 
Bekrel/liter in fresh water. The accepted amounts of Radium in which human body can take Radium through 
respiratory and digestive organs are 3.7×10-5 Bekrel/day and 3.7×10-2 Bekrel/day, respectively. 80 percent of 
Radium in the body is stored in bones. It has a half life of 1600 years (Samani Poor, Nooshin, 2000). 
 
-Thorium: 
 
 It is a shine silvery metal, which boils in 4500 and melts in 1750. It has a half life of 1405×1010 years This 
metal has 25 isotopes, which among them Thorium 232 is of 100 percent abundance. The average radioactivity 
of this metal in sediments is 34.2 Bq/Kg (Leopold Gmelin, 1982). 
 
-Potassium:  
 
 Potassium is a silvery white metal, which is of alkali kind. Naturally, it is found in combination with other 
elements in seawater and other mines. This metal is an important ion in the body and since minimum of changes 
in its amount can cause neurotic and cardiac disorders; its accumulation in blood must be controlled exactly.  
 For this element, 17 isotopes were recognized. Potassium, in general, is a combination of three isotopes 
among which only the isotope Potassium 40 is radioactive and its half -life is 1/28×109 (Chang, P.S., 1987). 
 
-Characteristics of the system used in samples activity measurement: 
 
- Gamma Spectrometry: 
 
 This system equipped with semi-conductor detector of pure Germanium and a multi-channel analyzer. 
Moreover, it has a microprocessor for data processing and a pc to register reactions. Spectrometry of alpha and 
gamma rays are important tasks in nuclear and radiochemistry. They are mainly used for identifying of 
radioactive nucleuses. Si-Ge or Li-Ge detectors are the most suitable detectors for spectrometry of gamma rays. 
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This is because they present highest. separation (about 0.2 kev to 40 kev in energy ranges of 100 kev). With a 
gamma-spectrometer set, you can determine the density of an element with the precision of 10-16 gram in one 
gram of a sample (Esmaili Sari, Abbas, 2005).   
 

 
 
Fig. 1: Design of a gamma-spectrometer with pure Germanium detector (HPGe). 
 
-Sample measurement step: 
  
 After delivering samples to the laboratory, sample preparation begins in which at the first step the grain of 
sample is sifted and controlled ( 200 micrometer graining is used). Then samples were uniformed and soil 
samples in Marinaly containers – with capacity of 500 grams – transferred  
 To the system for computation. After doing some tasks like labeling, registering the date, code and place of 
sampling, etc, the computation was performed by gamma spectrometer.  
 In water samples – as in soil samples – with regard to the ASTM and EPA standard after diluting samples, 
adding Nitric acid for removing microorganisms, controlling PH of samples, the samples were maintained in 
isolation to balance Radium with Bismuth and prevent it from turning into Radon gas. Then samples in 250 cc 
containers were sent to Gamma Spectrometer for measurement. In Gamma spectrometer (Fig 1), samples are 
placed in detector shield and the system is adjusted. From computation onward the number and name of the file 
is registered. Depending on the kinds and densities of radioactive elements, computation takes 12 to 24 hours.  
 The peaks of were measured and their degree and kind were identified on monitor. For example, Cesium 
137 at the peak of 661, Radium in 609, Uranium in 92, Thorium in 583, and Potassium in 1461 kev show the 
computation. For energy spectrum measurement we use from gamma rays, which is emitted in the range 
between 50 to 3000 kev  
 Detector consists of pure Germanium, which is located in a three-layer cylindrical shield. It is made up of 
lead, Iron, and Aluminum in which the thickness of Lead layer is 5 times bigger than Iron and Aluminum layers. 
This shield is 73 millimeters in thickness, and has a length and width of 55 millimeters. It is cooled with 30 
liters volume of pure liquid Nitrogen. It uses of very high voltages and components like pre-amplifier, amplifier, 
location of turning analog to digital (ADC) and saving unit in channel (MCA) is located before pc. Raw data are 
taken from pc, analyzed, and then final responses are extracted (Spiers, F.W., 1993).   
 
- The radioactivity results of water station: 
 
 With sampling radioactivity in five water stations for elements like U-238 , Ra- 226 , Th -232 and K-40 
their values were measured which are in accordance to table.2. 
 
Table 2: Radioactivity values of water stations. 

k-40 
Bq/kg 

Th-232 
Bq/kg 

Ra-226 
Bq/kg 

U-238 
Bq/kg 

Element 
 

Station 
1.75 ± 7% >LLD 1.022 ± 7% >LLD 1 
8.09 ± 7% >LLD 11.114 ± 9% 1.01 ± 4% 2 

>  LLD 1.18 ± 9% 0.033 ± 11% 0.96 ± 4% 3 
2.52 ± 7% 0.11 ± 9% 27.377±11% >LLD 4 

>LLD >LLD >LLD 0.94 ± 4% 5 
>LLD=0.5 

Bq/kg 
IAEA-RG-TH-1 IAEA –soil -6 IAEA-375 RGU-1 Standard 
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- Discussion and conclusions about the activity level of water samples: 
 
 Generally, by considering some factors like changing of Shoorabil’s natural ecosystem, turning it from salty 
water to fresh one, increasing of its capacity, and by considering previous researches we can say that: 
 The density values of investigated elements, was decreased drastically and in water-samples reached nearly 
to its acceptable level. No density of cesium 137 – which is among artificial radioactive substances – was 
observed, and in all samples, it is lower than the level identified by Gamma spectrometer system of Jaber Ebn 
Hayyan laboratory in Iran’s atomic energy agency. Therefore, it can be said that there is no evidence of 
Chernobyl or any other unnatural phenomenon in the waters around Shoorabil Lake.  
 

 
 
Diagrams 1 to 4 show the values of radioactivity in water stations. 
 
 About natural radioactive elements like Uranium 238, Thorium 232, Radium 226, and potassium 40, we can 
say that the density of some of these elements is higher than the permissible value declared by ICRP, but the 
condition is not critical. Meanwhile, the amount of radioactivity is different in different stations: Thorium in 
station No 1, Radium in station No 2, Potassium in station No 3, Radium in station No 4, and Uranium in station 
No 5 are of higher densities.  
 Since most of the people enjoy weakly or seasonally from Shoorabil’s natural environment, and among 
them people who live or work around the lake are of low percentage, and since their exposition to the 
radioactive is not continuous, there is no real danger. However, we must consider and revise our idea about 
aquatic breeding in Shoorabil Lake.  
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