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Abstract

A recent literature survey on natural gamma rays has yielded data on the dose rate levels above soils and rocks i
the world, classified by their associated bedrock types. For comparison, the data in the Japanese Islands were al
collected. The compiled results indicated a strong linear correlation between the soil and the rock dose rates. A soil-
mass balance model was used to obtain the quantitative estimate of soil production and inflow rates, respectively
relative to the outflow rate. It was found from the analysis that the degree of mixing of soils, measured by the ratio
between the inflow and the production rates, was fairly small in Japan compared to the world average.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction between the rates of soil production and transpor-
tation in each continent.

Soil at a given site usually consists of weathered  The purpose of this paper is to show that the
rock but may be mixed with soils from other sites, dose rate levels above the soils on the different
transported primarily by rivers during the forma- types of bedrock can still be traced to the radio-
tion of flood plains and fans. Wind and glacier activities of the respective bedrock using a quite
may also play a role to some extent in its transport. simple model. The technique presented in this
The dose rate level of terrestrial gamma rays paper and the parameters deduced from the model
emitted by primordial radionuclides, i.e. uranium are applicable also to other geochemical elements
(U), thorium (Th) and potassiun{K), in the soil in the terrestrial environment.
at a given site might seem to reflect a low or high
radioactivity of the bedrock at that site. However, 2 The mode
in reality it may reflect more the overall balance

*Corresponding author. Tel.+81-561-82-2141; fax+81- In this S_tUdy' we assume a steady state CQ”‘_’i“O”
561-82-2946. for the soil mass flow rates at any area within a
E-mail address: minato.s@aist.go.jS. Minato). landmass. Then, the mass flow equilibrium is

0048-9697/02/$ - see front matt@r 2002 Elsevier Science B.V. All rights reserved.
PIl: S0048-969702)00218-8



230 S. Minato / The Science of the Total Environment 298 (2002) 229-231

Table 1
Gamma ray absorbed dose rates in air

Bedrock type Area Dose rater S.D. (nGy/h)
(%) Rock Soil

World
Acidics 5 167455 (693 75+ 34 (324
Intermediates 5 6421 (328) 43419 (96)
Basics 6 238 (186) 28+17 (91)
Metamorphics 7 98 64 (345 55+21 (163
Sedimentarie€s 44 81+70 (304 50+ 19 (694
Carbonates 15 2013 (32) 32+24 (46)
Quaternary sediments 18 5@0 (448

Area-weighted mean 71 a7

Japan
Acid intrusives 11 116-44 (10D 73+24 (205
Acid extrusives 11 94 44 (28) 57+18(99)
Intermediates 16 5533 (65) 38+12 (133
Basics 2 2117 (49) 29+12 (44)
Metamorphic’ 4 73+ 46 (46) 44418 (59)
Sedimentaries 39 6835 (161 49415 (794
Quaternary sediments 17 4686 (667)

Area-weighted mean 71 50

2Excludes carbonates.
b Excludes basics origin.
Parentheses represent the number of samples.

expressed by

Fo=Fr+F; D

Here,F, andF, represent, respectively, the soils
moving out of and into the area, arfg; the soil
produced from rock. If we postulate that the soils
are homogeneously mixed everywhere on the land,

where (¢) is the bedrock activity averaged over
all the landmass. From the above equations, we

obtain
P _Frq Fi
<P> FO<‘]> Fo

4

Since the dose rate on the soil surface and that

then the balance would require the following on the rock surface are proportional to the sum of
equilibrium between the natural radioactivity of weighted concentrations of U, Th and K of the
the soilp, and that of the rocly: soil and rock(Beck et al., 1972, we can use the
_ relevant dose rate values in placepofindg. This
PFo=&qFrt (P)F, 2 is because, in practice, it is much easier to obtain
Here, ¢ is the radioactivity loss due to leaching a large amount of data on air absorbed gamma ray
and eluviation during weathering of rock. The term dose rates of soils and rocks than to collect U, Th
{p) denotes averaging of the radioactivity over the and K data. Thus, this presents a way for us to
whole of the landmass. test the equation.
If we consider the entire landmass, the soil mass
moving out of the landmass is equal to that 3. Sources of basic data
produced from bedrock and hence, the radioactiv-
ity loss becomes Gamma ray dose rates in air at a height of 1 m
above various types of soil and rock are given in
o= @ (3) Table 1 along with their percentage in worldwide
{q)’ coverage. The world data of rocks were deduced
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Fig. 1. Relation between the dose rates above bedrocks and the corresponding soils.

from the work of Wollenberg and Smitti990. by rivers or other means. Consequently, we may
The world data of soils were recompiled from the consider the ratio between the inflow and the
data of Minato(1995 but with new data points  production rates as an indicator of the degree of
amounting to several percents in number added to soil mixing within the landmass. In this respect,

the original data. The rock and soil data of Japan Fig. 1 shows a clear difference in the degree of
were both recompiled based on the work of Mat- soil mixing between global and Japanese data. It
suda and Minatd1999 along with several per- would be interesting if future geomorphologic data
cents of additional data. could verify whether this is indeed the case.
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