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The measured levels of artificial radioactivity and radiation from weapons 

tests or the operation of nuclear facilities are often compared with the levels 

of natural background radioactivity. While many of these comparisons are not 

relevant it was felt to be worth while to have available a compilation of natural 

radioactivity and radiation levels. This compilation can then be used to provide 

general figures for cases where such comparisons are valid. 

The United Nations Scientific Committee on the Effects of Atomic Radiation 

(UNSCEAR) has treated natural radioactivity in its 1958, 1962 and 1966 reports 

and other summaries of data are also available. The present compilation makes 

use of these previous collections and references rather than returning to the 

original papers on the subject. This was done both to avoid the labor of pre-

paring new mean values and also to take advantage of the judgment of previous 

compilers. 

The data are presented as a series of tables indicating concentratio~s of 

radioactivity in various parts of the environment plus measurements and calcu-

lations of the amounts in diet and man as well as the calculated resultant in-

ternal radiation doses. The external radiation dose is discussed separately. 

In addition to presenting an estimate of the mean value, the expected 

ranges are shown where the data are available. There has also been an attempt 

to stress measurements for the United States although these values should not 

be significantly different than worldwide values for the specific purposes of 

this compilation. 
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The individual contributors to exposure cannot be readily summed except 

in the form of radiation dose. This has not been done in the present case but 

the summary from the 1966 report of UNSCEAR is included here as table 16. 

General Notes 

:1 f 
The numerical values have been rounded off sometimes even beyond the ro1L~d-

ing done in the original compilation. Since the values are intended to represent 

the average over large areas there is little meaning to using more than one 

otr significant figure. In many cases it has been necessary to convert the units 

of from those of the original compilation and in a few cases it has been necessary 

to calculate values from basic handbook information. Those calculations relating 

rir to man are all on the basis of a 70 kg standard man with 2800 grams of skeletal 

ash. 

Tritium (Table 1) 

rac Natural tritium is produced in the atmosphere by cosmic ray bombardme~t at 

the rate of 0.5 to 0.6 atoms/sec per 2 cm • This corresponds to an annual productic-r_: 

rate of about 2500 pCi/m2 of the earth's surface. The equilibrium inventcry ha.:; 

been estimated at 70 to 85 megacuries. The complete assessment of the enviro:'..1.IIle~+, 

had not been finished at the start of thermonuclear weapons testing and the ds1::c; 

are not completely firm. 

Since tritium is produced in the stratosphere, the highest natural co~ce;e:ci.-· 

trations are in atmospheric hydrogen, water vapor and in precipitation. Olde:r 

waters such as those from the deep oceans and deep wells have extremely 1.cw 

concentrations while surface waters from the continents and the ocean are in-

termediate. The specific activity of natural tritium in man is generally lower 

than surface waters. 
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~tural Carbon-14 (Table 2) 

/ Natural carbon-14 is also produced by cosmic ray bombardment in the atmosphere. 

/ . The production rate is about 2 atoms/sec per cm2, which is equivalent to an annual 

~ production of 50 pCi/m2 • The worldwide inventory has been estimated as 270 mega-
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curies which is distributed with 1. 5% in the atmosphere, J. 5% in biological ma-

terial and 95% in the oceans. Most of the latter is in the deep oceans with only 

2% above the thermocline. 

Living organic matter is generally fairly close to equilibrium with the 

natural C-14 in the atmosphere. This results in a specific activity of 6.5 pCi/g 

of carbon. 

Potassium (Table J) 
Rubidium (Table 4) 
Uranium Series (Tables 5-10) 

At least six members of the uranium series are sufficiently important to re-

~1ire measurement in man and his environment. The actual uranium isotopes are 

not of great dosimetric significance and most attention has been paid tc radiwn~·c".26 

and later members of the chain. Radium-226 has a gaseous daughter, radon-222, 

some of which escapes from soil at a.TJ. annual rate of about 10 7 pCi/m2 and decays 

to solid descendants which are important contributors to radioactivity LTJ. the 

environment. The daughters formed from the radon which does escape attach them-

selves to aerosols which have an average life in the troposphere of about one 

month or less before being deposited on the ground. The deposited material a:l.ong 

with daughters formed from the radon which does not escape are significant con-

tributors to the external terrestrial gamma dose rate. The airborne material 

contributes to the internal lung dose and to the external dose from the air. 

The short-lived daughters are of greater significance indoors than out, 

with their concentrations being a function of the building material. For the 
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purpose of making conservative dose estimates they may be considered to be in 

radioactive equilibrium with radon-222. 

The long-lived daughters of radon-222 have separate existences in the env.iro:1-

ment with poloni'.lID-210 being mw~h less than the lead-210 activity which in ti.::rn 

is a small fraction of the radon-222 activity. The levels of lead and po:.oni'ml 

in man, however, are usually close to equilibrium. 

Thorium Series (Tables 11-14) 

The thorium series decays through a chain which is very similar to that of 

uranium. The short lives of Ra-228 and Rn-222 modify the behaviour consiQerably 

and exposures from airborne daughter products of thoron are relatively small. 

The major contribution of the thorium series to human exposure is in external 

gamma radiation. 

External Radiation 

The external radiation exposure of man comes from three sources, cosmic 

radiation, terrestrial gamma, and gamma radiation from airborne radionuclides. 

The latter is calculated as an exposure of about 5 mrad/y, but it is always in-

eluded when measuring the terrestrial garrrrna dose rates. 

Cosmic ray dose estimates have been summarized by UNSCEAR(J). The ionizing 

component amounts to 28 mrad/y at sea level in the middle latitudes and is about 

10% less near the equator. This dose rate is approximately doubled for each 

2000 meter increase in altitude for the first few kilometers. The cosmic r~y 

neutron dose rate is of the order of 1 mrad/y. 

Measurements of garrrrna dose rates with scintillation spectrometers i~ ma~y 

populated areas of the United States indicate total natural terrestrial radia­

tion fields that fall within rather narrow limits at most locations. N~arly 90% 

of the several hundred available readings can be represented by an approximat2:'. y 
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.iistribution with a mean of 55 mrad/y and a standard deviation of 

, .:.io mrad/y(l2). The contributions of the three sources, K-40 and the decay 

,w.ughters of U-2J8 arni. Tl>~'.)~2 LavP been me::rnured sper'.trometrically. The results 

are indicated in tab~ie 1 1' aJ.c.I:g with their inferred soil contents that would 

produce these radiation lev0h1. In general, readings in populated areas outside 

the range of 5 to 50 mr~d/y for a_~y of these sources, and 25 to 100 mrad/y fer 

the total radiation, would be considered somewhat anomalous. Higher readings 

are readily observed near rock outcrops, but these occur relatively rarely in 

populated areas. This fact and a number of other factors related to urban living 

tend to reduce the influence of bedrock geology on the observed radiation levels, 

and to somewhat homogenize the distribution of radiation sources that influence 

population exposure. This phenomenon has been clearly observed in perhaps the 

most detai1ed study of population exposl:re in regions of the United States, tbs+; 

in northern New England(lJ) • 
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Natural Levels of C-14 
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Table 3 

Natural Levels of K-40 

Est i.rna te d Me a.'1 Range 

Earth's Crust 2CJ pCi/ g 

Bocks 

Sedimentsry j ~,-::i/g 

I g-.cieo'i::: -.· l-'' l/ g 8 3 pCi/g 

Soil l - JJ pCi/g 

Ocea:::-~ WatijT ~~- ~·;" )~- r~i ~ 

~· Hu,"'Ilan Die "t ;:JuJ pCi/d 

Body Content 

Tot&l U::JX pCj 7')J'J -1:3, DrJO pC i 

I:'.lterr.:-ial Dose - 0on&ds :?<~:, rnrad/~1 

' Specific Activity 
800 pCi/g K 
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Natural Levels of Rb~87 

Estimated Mean Range 
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Table 5 

Natural Levels of U-238 

Estimated Mean Range 

Earth's Crust 1 pCi/g 

Rocks 

Sed ime:-it s :r:i ,-:; . '! l 1C i/ g 

IgneT1s ·- :;iCi/g ... ) - 3 

Fr·es:r~ Wo1-::. :i 

Lak0:; s.:id Riv2:r's ·c.;, ".:.=> l pC i/l 

I-' :=:rir~~v:~ng ::: .Jl pCi/1 
;-: 

O::>eai-1 Wst.er : ~ 1Ci/l 
J.2 - 9 pCi/l 

iJcean Sediments l pCi/g 

Human Diet u • 5 pCi/d 

Air i:::-.!;- pCi/mJ 

Body Conte:::lt 

Skeleton 18,J pCi 

....... 

--"'"" 

Specific Activity 
0.33 pCi/µg U 

Area Reference 

I Jew Yori\: C: i "'.:y 

USA: Tri-City 

New York City 
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7 
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Table 6 

Natural Levels of Th-230 

Estimated Mean Range 

O.Jl pCi/1 

? - 60 pCi/g 

Specific Activity 
20, 000 pC i/ µg Tn.-. 

Area Reference 
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Drinking 

Ocean Water 
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Body Content 

Total 
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Table 7 

Estimated Mean 

0.5 pCi/g 

2 pCi/g 

l pCi/g 

J. J7 pCi/l 

C .CJ.!,. pCi/l 

.J.1J7 pCi/l* 

lJ pCi/g 

2 pCi/d 

4J pCi 

30 pCi 

1.4 mrad/y 
0.6 mrad/y 

* Surface water, deep water is higher. 

Range 

o. 5 - 4 pCi/g 

0 .02 - 0 .3 pCi/l 

Specific Activity 
106 pCi/µg Ra-22D 

Area 

New York City 
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3 
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Fresh Water 

Precipitation 

Lakes and Rive~3 

Ocea_'"'l Water 

Air - Ind::;:-rs 
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Over Oceans 

Internal Dose - Lung 

Table 8 

Natural Levels of Rn-222 

Estimated Mean Range 

103 - 105 pCi/l 

10 pCi/l 

11 Cl)se to eq"J.ili'brL1m with Ra-226" 

5\J'J pCi;m3 

2JJ pCi/m3 J~J - 500 

0. 5 - 10 

"Several hundred mrad/y11 
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Soil - Upper layer 

Fresh Water 
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Lakes s.nd Rivers 
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H"illllan Die~ 
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Body Content 
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Internal Dose - Osteocytes 
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Table 9 

Natural Levels of Pb-210 

Estimated Mean 

60 mCi/km2 

- ~ J r-. /1 u ._J'T pv 1 

,-: IJ .~ pi i/1 \J. j '-I ...L 

1.2 pCi/d 
5 pCi/d 

0.01 pCi/mJ 

27J pCi 

0.7 mrad/y 

2 mCi/km2/y 

Range 

0.5 - 3 pCi/l 

O.G5 - 2 pCi/l 

0 .002 - 0 .016 

10:) - 400 pC i 

Area Reference 
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Table 10 

Nat-u.ral Levels of Po-210 

Estimated Mean 

J.5 pCi/l 

... -1 ..... ~ / ~ 
.. ; JJ·J L/ ...t 
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O.J - 1 pCi/g 

Air "3ms.L frac::ti:::i::-1 of Pb-2~:.J" 
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Table 11 

Natural Levels of Th-232 

Estimated Mean Range 

1.2 pCi/g 

C1.2 pCi/g 

:3 pCi/g 1 - 15 pCi/g 

< 0 .O.J2 pC i/l 
0.0001 - 0.001 

1 pCi/g 

Specific Activity 
0.11 pCi/µg 'Ih 

Area Reference 

3 

2 

4 
2 

I 
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Table 12 

Natural Levels of Ra-228 

Estimated Mean Range 

50 pCi 

~O pCi 

1. 6 rnrad/ y 

Area Reference 
\ 
' 

2 

2 
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Nat·~ral Levels of Rn-220 

Estimated Mean Range 

2iJ pCijm3 

L pCi/m3 

11 Sm>:i.11 fractL)n of tl-1&~ from Rn-:222" 
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Natural Levels or Pb-212 

Estimated Mean Range 
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Table :._·, 

Terrestrial Gamma Dose Rate~; in the United States 
with InfeTreci ~)oL Contents 

Dose Rate Range (mrad/y) 

1. Populated areas-range (90%) 

2. II 11 typical mean 

J. All areas-range (90%) 

Inferred Soil Content 

1. Range (90%) 

2. Typical mean 

K u Th 

5 - J5 10 - 20 15 - 40 

17 lJ 25 

1 - 50 0 - ~5 5 - 70 

(0-4) x io4 ppm O·. 5-9 ppm 1. 5-JO ppm 

1. 5 x io4 ppm 

12 pCi/g 
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2.5 ppm 9 ppm 

0.8 pCi/g l pCi/g 

Total 

JO - 95 

55 

15 - 130 
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Dose Rates Due to External ind nternal Irradiation from 
Natural Sources in 11 N\Jrrnal" Areas 

( fr,:Jm the 1%6 iJNSCEf1R Report) 

Source of Irradiation 

External irradiation 
Cosmic rays 

Ionizing component 

Neutrons 

Terrestrial radiation 
(including air) 

Internal irradiation 

K40 

Rb87 
cl4 

Ra226 

Ra228 

p
0

210 

Rn222 (dissolved in tissues) 

Rounded Total 

Dose Rates (mrad/y) 
Raversian Bone 

Gonads Canal Marrow 

28 

0.7 

50 

20 

O.J 
0.7 

O.J 

O.J 

100 
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0.7 

50 

15 

< O.J 
1.6 

0.6 

0.7 

2.1 

O.J 

99 

28 

0.7 

50 

15 

< O.J 
1.6 

O.OJ 

O.OJ 

O.J 

O.J 

96 
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Soil 

Sedimentary 

Igneous 

Fresh Water 

Lakes & Rivers 

Drinking 

Ocean Water 

Ocean Sediments 

Human Diet 

Body Content 

Total 

Skeleton 

Radiation Dose 

Table 

Natural Levels of ~~~~ 

Estimated Mean Range Area Reference 
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