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Schematic diagram showing the interaction of a primary cosmic proton with an atom in

the earth’s atmosphere to form numerous secondary particles. Decay products and some interaction

possibilities of secondaries are also shown.
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Reproduced from Health Physics, Volume 11, Issue 2, 1297, 1965. By permission of the Health Physics

Society.
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Figure Il. Latitude variation in dose rate from cosmic
ray neutrons at sea level.
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TABLE 6-3

Thorium Series®

Nuclide Historical name Half-life Major radiations
#Th Thorium 1.4 x 10"y a, <1% vy
“*Ra Mesothorium I 575y B, <1% vy
“Ae Mesothorium 11 6.13 h B,y
5 Th Radiothorium 191 h o, y
“Ra Thorium X 3.66 d o,y
“Rn Emanation thoron 55.6 s o, <1% y
ipg Thorium A 0.15 s a, <1% vy
H2ph Thorium B 1064 h B,y
2R1 Thorium C 60.55 m @,y
N

2P0 (64%) Thorium C’ 0.305 us o
HETT (36%) Thorium C” 3.07m B, v
“#Ph Thorium D Stable None

“Adapted from Bureau of Radiological Health (1970).

Actinium Series?

Bildung natiirlicher Radionuklide aus kiinstlichen RN:
U aus *°Pu, **Th aus *°Cf

Nuclide Historical name Half-life Major radiations
B Actinouranium 7.038 X 10%y a,y
2T Uranium Y 255 h B,y
“HPg Protoactinium 2.276 X 10ty @,y
#Ac Actinium 2177y B, <1% vy
PN
2ITh (98.62%) Radioactinium 18.72y @,y
21 Fr (1.38%)  Actinium K 21.8 m B,y
2Ry Actinium X 11.43 d o,y
2R Emanation actinon  3.96 s o,y
25pg Actinium A 1.78 ms o, <1% vy
PN
UPb (~100%) Actinium B 36.1 m B,y
AL (0.00023%)  Astatine ~0.1 ms o, <1% y
B Actinium C 214 m o,y
N
“Po(0.273%) Actinium €’ 0516 s @, v
2] (99.73%)  Actinium C” 477 m B, <1% vy
P Actinium D Stable None

“Adapted from Bureau of Radiological Health (1970).

Nuklid Name Zerfall HWZ
239
Pu o 2.41-10* a
235 B .
U AcU Actin Uranium o 7.04-10° a
252
Cf a 2.645 a
248
Cm o 3.4x10°a
244
Pu o 8x10” a
240 —
U B 14.1h
24 —
"Np B 1.032h
240
Pu a 6561 a
236
U o 2.3:107a
232 -
Th Th Thorium o 1.405:10" a
TABLE 6-2
Uranium Series”
Nuclide Historical name Hall-life Major radiations
=5 Uranium | 447 % 100y a, <1% y
“HTh Uranium X, 24.1d By
il 5 Uranium X, 1.17m B, <1% vy
“HpPg Uranium Z 218y B.y
=Hy Uranium [ 244,500 ¥ o, <1% ¥
WTH lonium 77X 100 y o, <1% ¥y
“*Ra Radium 1600 v o, Y
“Rn Emanation radon 3.8d e, <1% y
“*Po Radium A 3.05 m o, <1%
PN
“HPh (99.98%) Radium B 26.8 m By
AL (0.02%) Astatine 2s o,y
“HBi Radium C 199 m 8.y
PN
HPo (99.98%) Radium C’ 164 pus a, <1% 1y
971 (0.02%) Radium C” 13 m B, v
phy Radium D 223y 8.y
OB Radium E 501 d B
N
WP (~100%) Radium I 138.4 d a, <1% y
71 (0.00013%) Radium E* 420 m B, <1% vy
2Pb Radium G Stable None

“Adapted from Bureau of Radiological Health (1970).
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ANNEX B: EXPOSURES FROM NATURAL RADIATION SOURCES

121

Table 11
Areas of high natural radiation background
adile Absorbed dose
C_,‘ounu-y Area Characteristics of area App r:z::,, rate in air * Ref.
I g (nGy )
Brazl Guarapari Monazite sands; coastal areas 73 000 90-170 (streets) [P4, V5]
. ) A 90-90 000 (beaches)
Mineas Gerais and Goias 110-1300 [A17, P4]
Pocos de Caldas Araxd Volcanic intrusives . 350 340 average
2 800 average [V5]
China Yangjiang Monazite particles 80000 370 average [W14]
Quangdong
Egypt Nile delta Monazite sands 20-400 [E3]
France Central region Granitic, schistous, sandstone area 7 000 000 20-400 [13]
Southwest Uranium minerals 10-10 000 [D10]
India Kerala and Madras mh:ﬁ.ulm 100 000 200-4 000 [S19, S20]
0.5 km wide 1 800 average
Ganges delta 260-440 [M13]
Iran (Islamic Ramsar Spring waters 2000 70-17 000 [(s21]
Rep. of) Mabhallat 800-4 000 [S58]
Italy Lazio ) Volcanic soil 5 100 000 180 average [C12]
Campania 5 600 000 200 average [C12]
Orvieto town 21 000 560 average [C20]
South Toscana ~100 000 150-200 [B21]
Niue Island Pacific Volcanic soil 4500 1 100 maximum [M14]
Switzerlapd Tessin, Alps, Jura Gneiss, verucano, *Ra in karst soils 300 000 100-200 [S51]

a  Includes cosmic and terrestrial radiation.

Table 31
Average worldwide exposure to natural radiation sources
Annual effective dose (mSv)
Source of exposure
. Average Typical range
Cosmic radiation
Directly ionizing and photon component 0.28 (0.30)*
Neutron component 0.10 (0.08)
Cosmogenic radionuclides 0.01 (0.01)
Total cosmic and cosmogenic 0.39 03-1.0*
External terrestrial radiation ‘
Outdoors 0.07 (0.07)
Indoors 0.41(0.39)
Total external terrestrial radiation 0.48 0.3-06°
Inhalation exposure
Uranium and thorium series 0.006 (0.01)
Radon (***Rn) 1.15(1.2)
Thoron (***Rn) 0.10 (0.07)
Total inhalation exposure 1.26 0.2-10"
Ingestion exposure
oy 0.17(0.17)
Uranium and thorium series 0.12 (0.06)
Total ingestion exposure 0.29 0.2-08°
Total 24 1-10

Result of previous assessment [U3] in parentheses.

Range from sea level to high ground elevation.

Depending on radionuclide composition of soil and building materials.
Depending on indoor accumulation of radon gas. =
Depending on radionuclide composition of foods and drinking water.

a6 oR
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Uranlum/Radium—(4n+2)—series
Isotope Half-life - - Ba— a 1C
Uranium-238 45x 10y [~42 — 100% = 0048 — 0%| 2%
| Thorium-234 2414 | - 010 — -35%|0029 a—10
(UXy) 019 — 65%|0063 a—02
: 0-091 a—25
Protactinium-234m 118 m - T — 1% — g
(UXa) ) 058 —~ l? 0-75 | most
' 1550 —~ 9%1100 abundant
231 — ~90% | others
Protactinium-234 6-66 h R 113 0043 S
(Uz) others 0-80
. others
 Uranium-234 25x 100y [4M7 — 8% = 0081 — 0% | 28%
| wn 4768 — 'm(; _ _ . %
Thorium-230 80 x 10y [ 4615 ~— u§ — 0068 — 06%| 234%
(Tonium) 4682 — 76 others —wryml
Radium-226 1620y |4589 — 57 — 0188 — ~4%| ~2%
’ 41N — %437
ladon-m_ 3825d 548 - —~100%. - B S
Polonium-218 “305m [600 —~100 ? —00 Pz -
(Radium A) % % X Re
Astatine-218 13s | 670 — ~002 ? —very weak — —
Radon-218 19 x 10% | 713 —veryweak — 061  —veryweak| —
Lead-214 » 26:3 m s m —~ﬁ:§. g% -
e *lo3s X Rafs
; _ others —  weak
Bismuth-214 199m |~55 — 004% | __—_ _ L - 3
| (Radium : : 04— 97|08 Y most. -id —
10 — 23%]1-12 } abundast /,
151 — 40%|176 ; XRaL
188 — 9/ 14 others to 2-43 MeV
: 326 — 199
Polonium-214 16x 10%s | 768 — ~100% - o - -
(Radium C)) ¥ %
Thallium-210 13m — 196 — 0-04%| several —very weak| —
(Radium C")
Lead-210 2y -— 0017— 85%|0047 — ~5%|~80%
(Radium D) s s ~ |oosa— 15% . a
Bismuth-210 501d | 506 — 17 x 104% - S R = ol
(Radium E) C Crsaeg = =
Polor:um-210 1384d | 5305 — ~100% — los —12x10°%| —
. Mnl’) ’ ) N ¢ ' i 4 j . ¢
‘Thallium-206 42m — 1-51-1"7x104% - —
(Radium E")
Lead-206 Stable s — | — =
Al relate 1o of Ur. 238




