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Abstract 
The present article summarizes our experimental results concerning the dependency 

of concentration of "°K, ̂ Ra and "̂Ra in the top soi samples, coBected from several 
geoiogicai zones in the central part of Japan's main island, on their mineral 
composition, on their particle size-distribution and on their organic content. We may 
conclude that the concentrations of *K. i2*Ra and a*Ra in the sol mainly depend on the 
mineral compositions of the soil from their original rocks and on the partide size. In a 
homologous soil the concentrations of ""Ra and a"Ra increase with decreasing particle 
size and the concentration of *K decreases with decreasing particle size. There is a 
tendency for the part with particle smaier than 10 mesh of each soi sample to 
contribute to the dose rate more than the part with particle TO mesh. The 
concentration of *K in the soi samples decreased as ignition loss increased. 

Introduction 
Exposure rate is greatly dependent on the concentration of radionuclides in the soiL 

In recent years native soi have been occasionally replaced with soil from another 
place for residential land development. For a long period mineral composition, 
particle size-distribution, chemical composition and organic content of the soi is 
affected by physical and chemical weathering. The concentration of natural 
radionuclides in the soil is also affected by physical and chemical weathering. This 
report is a summary of our experimental results on the dependency of concentrations 
of natural radionuclides on the mineral composrtion'', the particle size-distribution1", 
the iron content and the organic content in the top soil collected at a several 
different geological zones in the central part of Japan's main island. 

Mineral composition and concentration of *K, asRa and K8Ra 
Hundreds of soil samples, 5 cm thick core from the ground surface to 10 cm depth, 

were taken out by using a stainless steel core sampler, having a diameter of 9.5 cm. 
Samples were taken from the following zones; granite, gabbro, basalt, ultrabasic 
rocks, andesite, paleozoic and alluvium zone in the central part (Wakasa area and 
Osaka Pref.) of Japan's main island. After excluding the parts of soi particles, larger 
than 10 mesh, by sieving each soi sample with particles smaller than 10 mesh in the 
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particles was subjected to Tray spectrometry with a Ge detector and a mutt-channel 
putee height analyzer. The concentration of X * * a and ^ f e obtaned ranged 
from 75 to 1500 . from 5 to 130 and from 5 to 150 Bo/fcgu respectively. Each 
sample's mineral composition was determined by powder X-ray diffraction analysis. 
The so l samples were classified into 8 groups according to their mail mmeral 
compositions as shown in Table 1. Table 1 also shows the concentration of X 
***Ra and *Tla with an absorbed dose rate in air 1 m above the ground surface. 
This was calculated by using dose rate per unit activity mass concentration'y in the 
sol of each class. The lowest ranges in concentrations from the these three nuclides 
was observed in the soi samples composed mainly of quartz, amphfcoJe olivine and 
chlorite. The highest range was found in soi samples composed mainly of quartz, 
*™crocine, abite and biotite. The sol with lowest activity may have originated from 
the weathering of uttrabasic rocks. The soi having the highest activity may have 
originated from the weathering of granite. 

Table 1 Main mineral composition and concentration of K-40, Ra-226 
Ra-228 in the soil with absorbed dose rate in 1 m estimated. 

Main mineral compositions Concentration (Bq/kg) 
K-40 

Absorbed dose rate in 
Ra-22'6 ~Sa-228 "air«stamat»d (nGy/h) 

Amphibole. quartz, olivine 
chlorite. 
Quartz, hatloysite. 
Quartz, (chlorite, albite). 
Quartz, albite, (microcline, 

mica, kaolinite). 

Quartz, mica, chlorite. 
Amphibole, quartz, albite, (mica, 
kaolinite, montomorironite) 

Quart?, albite, mica. 

Quartz, microdine, albite, 
amphibole, biotite. 
Quartz, microcline, albite, 
biotite. 

75-100 5-30 5 -30 10-20 

75-150 

150-500 

450-900 

15-60 

10-90 

20-90 

15-60 

10-90 

20-60 

15-30 

20-55 

50-70 

500-900 20-90 20-90 50-100 

600-900 60-80 • 90-130 100-135 

800-1100 40-100 40-120 65-150 

850-1500 40-130 50-150 80-180 

A relationship between soil particle size and their concentration of a6Ra, a8Ra and 

The sandy-soil originating from the weathering of granite was separated into seven 
particle sizes. There was an observable tendency for the contents of feldspars to 
decrease rapidly and for quartz to decrease slowly as particle size decreased. It 
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was found, in the case of a homologous soi weathering from granite, that the 
concentrations of '"'Ra and *""tea increased wifito deonessang parmiQte siae arad 
concentrahons of *K decreased with decreasing particle size-

On a relationshp between the dose rates in air measured by TLDs and the rates 
estimated from concentrations of these three nucides n the the tap sol, located at 
4 0 sites from a few geological zones, estimating the dose rates from concentrations 
of these nucides in two classes of sol samples with particle size, sieved into by using 
a standard sieve of 10 mesh, ft is noticeable that the part of sample with particles 
smattet than 10 mesh of each soil sample contributes to the dose rates more than 
those with larger than 10 mesh as shown in Table Z. 

On the other hand, the average of particle sizes of sol colected at granite zone, 
having the highest range in the concentration of these three radortuefdes, was 
generaly larger than the average of size of soi at the other geological zone. 

Table 2 The air absorbed dose rate obtained by subtracting cosmic radutnn from the dose 
rate of TLDs measurement and the doses estimated by the concentration of K-40, 
Ra-226 and Ra-228 in the soi with particles smaller and larger than 10 mesh. 

Air absorbed dose rate 
erf lUDs measurement 
-COsrnic radiation 

nGy/h 
45.9 ± 2.7 
4 6 2 ± 1.8 
50,0 ± 0-9 
50.6 ± 1.4 
51.2 ± Z.4 
51.3 ± 1.8 
60.7 ± 1.7 
60.2 ± 1.5 
m mJb - t }—3 

74.5 ± 2.7 
84.4 ± 1.0 

Partide-size distribution 

larger than smaller than 
10 mesh 

weight percent (%) 
36 
25 
37 
23 
22 
18 
49 
61 
3 7 . 
52 
59 

64 
75 
63 
77 
78 
82 
51 
39 
63 
48 
41 

Dose rate estimated 

larger than 

17.7 ± 
9.8 ± 

18.7 ± 
11.9 ± 
13.2 ± 
8.2 ± 

34.3 ± 
42.6 ± 
22.5 ± 
43.5 ± 
62.8 ± 

smaller than 
10 mesh 

nGy/h 
1.2 
0.7 
1.1 
0.6 
0.8 
0.5 
2.0 
2.4 
1.3 
2.0 
2.5 

31-3 ± 
3&7 ± 
41.5 ± 
43.8 ± 
39.4 ± 
38.7 ± 
43.7 ± 
26.2 ± 
46.5 ± 
36.8 ± 
52.0 ± 

2.1 
2.7 
2.4 
22. 
2.5 
2.5 
2.6 
1.5 
2.6 
1.7 
2.1 

Organic content and the*K content in the top soi. 
As an indicator of organic content, the sample of ignition loss was determined from 

percentage of loss in weight after the dried sample of 1.0 g was kept 1,000 "C for 1 
hr. The concentration of ^K in the soil layer of 5 cm thick from the surface of the 
ground a t several geological zone decreases with an inaease of ther ignition loss as 
shown in Fig.l. The*K concentration was converted from the activity per an unit 

547 



weight containing organic matter 
into that without organic matter. 
The reason for the tendency can 
be explained by the correlation of 
ignition loss on the surface area 
of soil particle and thesofcub*ty 
of potassium. Iron content in die 
sol sample increases vwth an in
crease ki organic content. The 
presence of iron in the soi samples 
supports to increase their organic 
compound. 

Conclusion 
We may conclude tttat die con

centrations of *IC, **Ra and*"Ra 
in die soi mainly depend on the 
mineral compositions from then-
original rocks and on the partide size of soL It was found, in a case of homologous sol 
weathering from granite rock, the concentration of ""Ra and a*Ra increased wfth 
decreasing particle size and the concentration of *K decreased with decreasing 
partide size. There is a tendency, for the part of sample with particles smafler than 
10 mesh in each sample to contribute to the dose rate more than the part with 
particles larger than "10 mesh. It was found that the concentration of *K in the top soi 
generaly decreased with an increase in their ignition loss. 
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Fig. 1 The correlation between the concentration 
of *°K and ignition loss in the soil lay er of S cm 
thick from surface of the ground at several geo
logical zone. 
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