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Abstract. Chemical fertilizers contain potassium, which is composed of a small amount of naturally occurring 
potassium-40. The potassium-40 radionuclide emits beta and gamma radiation. Three brands of chemical 
fertilizer were used to fabricate disk-shaped radiation sources and the fabricated radiation sources were 
examined for applicability to an educational radiation course. In the examination, tests to determine dependence 
of count rate on distance, shielding thickness, and shielding materials were conducted using the radiation 
sources. Results showed that radiation sources fabricated from the three brands of chemical fertilizer were 
equivalent for explaining radiation characteristics, particularly those related to the dependence of radiation 
strength on distance and shielding thickness. The relation between shielding effect and mass density can be 
explained qualitatively. Thus, chemical fertilizer radiation sources can be a useful teaching aid for educational 
courses to better promote understanding of radiation characteristics and the principles of radiation protection. 
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1. Introduction 
 
In the present study, three brands of chemical fertilizer were used to fabricate radiation sources. These 
radiation sources are referred to as chemical fertilizer radiation sources. The applicability of these 
sources to an educational radiation course that demonstrates the characteristics of radiation was 
examined by testing the dependencies of radiation source count rate on distance, shielding thickness, 
and shielding materials with the chemical fertilizer radiation sources. 

 
2. Method of fabricating radiation source and its performance 
 
2.1 Chemical fertilizer 
 
Chemical fertilizers generally contain all or some of three main elements important for plants: 
potassium, nitrogen, and phosphorus. Naturally occurring potassium consists of three isotopes: 39K, 
40K, and 41K [1], of which only 40K emits a 1.33 MeV beta particle at a rate of 89% and a 1.46 MeV 
gamma ray at a rate of 11% respectively [2]. The half-life of 40K is very long, 1.28×109 years. Thus, 
the chemical fertilizer radiation source can be used as the potassium-40-based natural radiation source, 
with a lasting effect due to its long half-life.  
 
In the present study, three brands of commercially available chemical fertilizer that contain potassium, 
a portion of which is radioactive potassium-40, were used for producing the chemical fertilizer 
radiation sources [3]. These brands of chemical fertilizer were sold for use in the family garden. 
Consequently, radiation sources fabricated from the chemical fertilizers should be easy to 
handle safely, as it is simply pressed and formed.  
 
The three brands of chemical fertilizer are identified as “Base”, “Organic”, and “Effect”, which are 
words used in their brand names. The features of these fertilizers are summarized in Table 1, in which 
percentages were obtained from ingredient labels on the packages. Two fertilizers, Base and Effect, 
contained all three major plant nutrients: nitrogen, phosphorus, and potassium; Organic contained only 
two nutrients: phosphorus, and potassium. Base and Organic also contained minor nutrients, such as 
magnesium. In this study, the amount of potassium was very important, and Base, Organic, and Effect 
contained 19%, 44%, and 33% potassium, respectively.  
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2.2 Method of fabricating chemical fertilizer radiation sources 
 
For fabricating chemical fertilizer radiation sources, respective chemical fertilizers were micronized 
with a triturator, and then placed into a cylindrical stainless-steel formwork with an inner diameter of 
35 mm and a height of 30 mm. A hydraulic hand pump (Osaka Jack Co. Ltd., Model: TW-0.7) was 
used to press the fertilizer powder in the formwork with a force of approximately 160 kN. For 
evaluating performance of the compressing and forming method [4-5], eleven sources were fabricated 
for each brand of fertilizer and examined weight, thickness and radioactivity. To measure radioactivity, 
a source was applied to the center of the head surface of the probe of a GM survey meter (Aloka 
TGS-146). A schematic of the measurement arrangement is shown in Fig. 1. 
 

The results obtained are shown in Table 2, in which average weight, thickness, and count rate 
(radioactivity) of each source are listed along with relative standard deviations. The standard 
deviations of weight and thickness were less than 1%, indicating a minimal dependence on production 
method. However, radioactivity showed a comparatively large deviation. These large deviations appear 
to be due to randomness of radioactive decay in terms of time and amount of radiation emitted. Taking 
this fluctuation into account, production fluctuation due to the compressing and forming method 
should be less than 1%. Consequently, the compressing and forming method is considered suitable for 
fabricating numerous uniform natural radiation sources with all three brands of chemical fertilizer 
examined.  

 
                                  Content (%)  

 

Fertilizer  Nitrogen  Phosphorus   Potassium   Magnesium     Others 
 

Base    12.5        50.0    18.8  18.8    00.0 

Organic    00.0        26.5    44.2  00.0    29.2 

Effect    33.3        33.3    33.3  00.0    00.0 

               Based on ingredient labels on the packages 

 
Table 1: Ingredient percentages of three brands of chemical fertilizer 

Fertilizer radiation source 

Distance Thickness 

GM survey meter probe 

 
Figure1: Measurement setup of source and detector. 
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It is also found that radioactivity among the three brands of chemical fertilizer showed that 
radioactivity level does not reflect the potassium proportions in Table 1. This discrepancy may be 
caused by a difference in ingredients, which affects the extent of radiation absorption in the source.    
 
3. Performance tests using chemical fertilizer radiation sources 
 
To determine the suitability of the chemical fertilizer radiation sources for educational use, 
dependency tests related to distance, shielding thickness, and shielding material were conducted for 
the three brands of chemical fertilizer.  

 
3.1 Distance dependence test 
 
For the distance dependence test, count rates were measured with a GM survey meter for ten distances 
ranging from 0 to 30 cm. Results are shown in Fig.2. For all three brands of chemical fertilizer, count 
rates dramatically decrease initially and then decreased moderately with an increase in distance. This 

 
Table 2: Performance of compressing and forming method. 

 
Fertilizer  Weight      Thickness       Radioactivity  
   (g)   (mm)            (cpm)   

 
Base    20.04 (0.34)  10.68 (0.56) 75.94 (4.32)  

Organic 20.03 (0.38)  10.26 (0.48)  77.98 (6.68)  

Effect   20.03 (0.47)  11.47 (0.60)  87.25 (4.88) 

                          (  ): relative standard deviation % 
 

 
Figure 2: Dependence of radiation count rate on distance. 
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proportion appears to follow the inverse-square law. Figure 2 also shows the inverse-square law Y = 
A/(a+X)2, where X and Y are distance and count rate, respectively, and A and a are constants with 
values of 1800 and 5, respectively. The count rates for the three brands of chemical fertilizer are 
distributed around the curve as a function of distance. The experimental results obtained with the 
chemical fertilizer radiation sources can be semi-quantitatively explained by the inverse-square law, 
which is an important principle of radiation protection; radiation strength decreases with the square of 
the increasing distance from the radiation source.  
 
3.2 Test of dependence on shielding thickness 
 
At a fixed distance of 15 mm, shielding materials of varying thickness were inserted between the GM 
probe and the source, and the count rate was measured using a GM survey meter. By dividing the 
shielded count rates by unshielded count rates, transmission rates were obtained. A small transmission 
rate corresponded to greater shielding effectiveness. In the experiment, commercially available “Paper 
(Kent paper)”, “Plastic (card case made of vinyl chloride resin)” and “Aluminum” were used as 
different shielding materials. Paper, Plastic, and Aluminum were thin plates. These shielding materials 
were cut into 50 mm square plates and stacked to produce shielding materials of various thicknesses. 
Results are shown in Fig. 3, in which circles, squares, and triangles indicate Paper, Plastic, and 
Aluminum, respectively, and large, medium, and small symbols indicate Effect, Organic, and Base 
brands.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
As shown in Fig.3, this semi-quantitative experimental result explains the relation between material 
thickness and effectiveness of shielding against radiation, in which decease as the thickness of the 
shielding material increases. A curve representing the exponential function Y = Ae-aX also is shown, 
with X and Y being the thickness and transmission rate, respectively, and a and A constants with values 
of 1.4 and 1, respectively. The transmission rates obtained experimentally lie around the exponential 
curve, with a large deviation dependent on the shielding material, as a function of material thickness. 
However, each brand of fertilizer independently semi-quantitatively demonstrates that the 

“Base”, “Organic”, and “Effect” are abbreviated names of fertilizers. 
(Pa), (Pl) and (Al) mean “Paper”, “plastic” and “Aluminum” shielding materials. 

 
Figure 3: Dependence of transmission rates on shielding thickness. 
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effectiveness of shielding varies exponentially with the thickness of the shielding material. This 
relation is similar to the inverse-square law, being difficult to distinctively distinguish the curve drawn 
in Fig.2 from that in Fig.3.    

 
3.3 Shielding material dependence 
 
In general, transmission rate should decrease as mass density increases, and should decrease in the 
order of Paper > Plastic > Aluminum, corresponding to the increasing mass density (Paper: 0.93 g/cm3, 
Plastic: 1.35 g/cm3, Aluminum: 2.7 g/cm3). However, Fig.3 cannot explain these relations because the 
distributions of Fig. 3 are too intricate to evaluate shielding material dependence for transmission 
rates. Nevertheless, comparing three areas where the same symbols are plotted at 0.5 mm thickness, 
the relation between shielding effect and mass density can be explained qualitatively. Thus, 
transmission rate decreases in the order Paper > Plastic > Aluminum, which corresponds to the 
increase in mass density. 
 
4. Summary 
 
Educational radiation sources were developed using chemical fertilizers that contain the naturally 
occurring radioisotope potassium-40. The chemical fertilizer radiation sources were fabricated with 
three brands of chemical fertilizer. Slight differences in thickness and radioactivity were seen among 
the three brands of chemical fertilizer, and radioactivity (as measured by count rate) dose not reflect 
the proportion of potassium in each brand of fertilizer. 
 
Three dependency tests related to distance, shielding thickness, and shielding material were performed. 
Results showed that count rate was semi-quantitatively explained by the inverse-square law, the 
effectiveness of shielding varied exponentially with shielding thickness. All of the results indicated 
that the educational radiation sources fabricated from chemical fertilizer were equally suitable for 
demonstrating the characteristics of radiation relating to distance and shielding thickness. The 
chemical fertilizers treated in the present study are common materials that are widely available. The 
radiation sources fabricated from the chemical fertilizers can be safely and easily handled in 
educational radiation courses and are not governed by radiation related laws.  
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