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ABSTRACT 

The aim of the study is to calculate the alpha emitters in bone samples of some animals by 

counting the tracks of alpha particles emitted from radioactive nuclei (Pb-210, Po-210, Ra-226) using 

the CN-85 detector. The detectors were kept with the samples in closed clear plastic cups at a 2 cm 

distance for 60 days. The track density in the detector, and, hence, the alpha emitters from the bones 

were counted with an optical microscope after etching the detectors with an etchant solution (NaOH). 

The results showed that the optimum etching time of CN-85 when using to detect alpha emitted from 

natural radionuclides were 40 mins and the highest track density were found in chicken, beef, and sheep 

respectively.  
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1.  INTRODUCTION 
 

Radioactivity is the number of disintegrations per second, its unit for measurement is 

Becquerel [1]. There are two main sources of radiation found in the environment: Natural 

Radioactivity Sources (which include terrestrial, cosmic rays and cosmogenic) and Man-Made 

Radioactivity Sources (which include medical, fallout and nuclear power) [2]. 

Uranium is naturally present in soil, rock and water. The dominant isotope, Ranium-238, 

forms a long chain of decay products that include the key radionuclides such as Radium-226 

and Radon-222 [3]. 
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Alpha particles will travel only about (30 μ m) in soft tissue and, therefore, are unable to 

penetrate paper, glass, or even dead superficial layer of skin. Radioactive elements emits alpha 

particles, which in direct physical contact, the insoluble parts of these particles enters the body 

of an exposed person, will stay there and consequently ionize the body organ and the tissue 

surrounding it and causing different types of cancer [4]. The biological effects of radiation are 

terms in their effect on the living cells. These effects depend on the type of cell, the amount and 

type of radiation [5]. 

Solid State Nuclear Track Detectors (SSNTD) have been used increasingly in a variety 

of fields, such as cosmic radiation [6], nuclear reactions [7], and space research and dosimetry 

applications [8]. Thus, the particle track identification in Solid State Nuclear Track Detectors 

is required. Tracks of charged particles can be developed by selection of the best etching 

condition with suitable chemical etching in a dielectric track detector [9]. 

Polymer-based solid-state nuclear track detectors (SSNTDs) are extensively used for the 

detection of several types of radiation [10]. (SSNTDs) have the properties for registering 

charged ionizing particles, such as protons, alpha particles or fission fragments [11, 12]. The 

widespread use of SSNTDs is due to their unique features, e.g. low cost, less weight, threshold 

nature [13, 14]. 

One of the most common polymer based SSNTDs is the Cellulose nitrate (CN-85, Kodak) 

(C6H18O5N2)  is one of the polymeric nuclear track detectors used widely for investigating both 

low and high energy ion (several MeV) registration [15-17]. 

Bone marrow is a dynamic tissue compartment in the cavity of bones. In adults, 

hematopoietic cells are produced by the bone marrow cells in the large bones that account for 

2– 5% of an adult’s weight. Ra-226 and Ra-228 isotopes are considered as the most important 

natural radionuclides of the U-238 and Th-232 series, respectively. In the human body the 

radioisotopes behave chemically and physiologically like calcium and are inclined to 

concentrate in the bones.  

Uranium may enter the body through the skin, lungs or gut. Once uranium enters the 

systemic circulation, it is distributed throughout the body. Ra-226 is a bone-seeking 

radionuclide that accumulates in calcareous tissues because of its chemical similarity to 

calcium. Alpha Particle emitting radionuclides such as Pb-210, Po-210 and Ra-226, accumulate 

in bone, which has proven to be a critical organ in the dosimetry of human and animal exposure 

to radionuclides [18].  

The fraction of the absorbed radionuclides within the skeleton differs widely between 

individuals. And some 99% of Ra-226 body content is in human bones. It is expected that Ra-

226 would be present in bones because it tends to be moderately transferable in the physical 

environment. 

 

 

2.  EXPERMINTAL METHODE 

2. 1. Sample preparation 

Fifteen bone samples of eaten animals were collected from Iraqi markets. The samples 

were prepared by isolated the bones from the meat, dried them using sun light then electric 

oven, powder, sieve to make homogenous. 20 g of each sample was weight and placed in a 

plastic cup. The CN-85 detector of 1 cm2 is hanged at 2 cm from the sample. The cup was 

tightly closed and left for 60 days to reach the radioactive balance as shown in Figure (1). 
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Figure 1. The CN-85 detector are placed 2 cm the sample. 

 

 

2. 2. Chemical etching  

After 60 days, the detectors were etched by water bath using NaOH solution of 2.5 N at 

60 °C. After the etching process, the tracks were seen by a microscope with a 400X 

magnification unit.  

The tracks density of the samples was calculated using the following equation. 

 

ρ = 
𝑁𝐴𝑣𝑒

𝑎
                                                              (1) 

 

where:  

ρ:   Track density 

𝑁𝐴𝑣𝑒:   Avarage number of total pits (tracks) 

𝑎:  Area of field view 
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3.  RESULTS AND DISCUTION  

 

After etching, the detectors were viewed using microscope to see alpha tracks in the 

detectors. An arbitrary detector etched to get the best etching time of the. Alpha tracks were 

seen at 15 min of etching, but the density was low and the track diameter was small, thus etching 

time was increased until reach the highest density of the tracks and found the best etching time 

which is 40 mints. The images of the numbers of tracks at each etching hour are shown in Figure 

(2); the track density versus etching time is shown in Table (1). The Relationship between the 

track density and etching time is shown in Figure (3). 

 

 
 

Figure 2. Images of the registered tracks at each etching time. 

 

 

Table 1. Number of the tracks and track density versus etching time. 

 

Etching Time (minute) No. of tracks Track density (teack.mm-2) 

15 8.2 157.6 

20 8.5 163.4 

25 9.4 180.7 

30 9.9 190.3 
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35 11.2 215.3 

40 12.8 246.1 

45 10 192.3 

50 9.8 188.4 

55 8.7 174 

60 8.3 159.6 

 

 
 

Figure 3. Relationship between the track densities versus etching time. 

 

 

The highest mean value of alpha emission rate is found in chicken samples (231.96  

Bq.m-2). While the less mean value is found in sheep samples (179.41Bq.m-2) as shown in  

Table (3). 

 

Table 3. Track density and alpha emission rate of the bone samples. 

 

No. Types Code sample No. of tracks Track density (teack.mm-2) 

1 

Beef 

B1 8.4 161.5 

2 B2 9.2 176.9 

3 B3 7.5 144.2 

4 B4 9.1 175 
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5 B5 10.2 196.1 

6 B6 10.6 203.8 

Mean 9.166 176.269 

7 

Sheep 

S1 8.7 167.3 

8 S2 7.5 144.2 

9 S3 8.6 162.3 

10 S4 8.3 159.6 

11 S5 7.9 151.9 

12 S6 8.5 163.4 

Mean 8.250 158.653 

13 

Chicken 

C1 12.8 246.1 

14 C2 9.8 188.4 

15 C3 9.3 178.8 

Mean 10.633 204.480 

 

 
 

Figure 4. Mean alpha emission rate of the bones samples using CN-85 on distance 2 cm from 

bone sample. 
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4.  CONCLUSUONS 

 

1) The optimum etching time of the CN-85 detector when used to detect the natural alpha 

particles emitted from radioactive isotopes exist in the samples is 40 mints. 

2) The diameters of the tracks developed at CN-85 detector were all almost equal. 

3) The highest track density was found in chicken, beef, and sheep respectively. 
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