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(Received January 27, 1998) 

A quick index to r -rays and X-rays from natural radionuclides is presented. In 

the list, r -rays are arranged in order of increasing energy. The list also contains r 

rays from radioactive nuclides produced in a germanium detector and its surrounding 

materials by interaction with cosmic neutrons, as well as direct r -rays from 

interaction with the neutrons. Artificial radioactive nuclides emitting r -rays with 

same or near energy value as that of the natural r -rays and X-rays are also listed. In 

appendix, r -ray spectra from a rock, uranium ore, thorium, monazite and uraninite 

and also background spectra obtained with germanium detectors placed in iron or lead 

shield have been given. The, list is designed for use in 'Y -ray spectroscopy under the 

conditions of highly natural background, such as in-situ environmental radiation 

monitoring or low-level activity measurements, with a germanium detector. 

Keywords: Gamma-rays, Natural Background Radiation, Natural Radioactive Nuclides, 

Artificial Radioactive Nuclides, Gamma-ray Spectrometry, Environmental 

Radiation Monitoring. 
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1. Introduction 

In in-situ gamma-ray measurements for environmental radiation monitoring or 

In gamma-ray measurements for low-level radioactive samples, spectral lines from 

background gamma-rays may mask weak lines of gamma-rays emitted from artificial 

radioactive nuclides. Although germanium detectors have excellent energy-resolution, 

it is very difficult to identify such weak lines in a gamma-ray spectrum. This list is 

designed as a convenient tool to identify background gamma-rays, while identifying 

weak gamma-rays from artificial radionuclides, in a gamma-ray spectrum obtained 

with a germanium detector. 

Background peaks observed in a gamma-ray spectrum are not only those formed 

by gamma-rays from natural radioactive nuclides, but also from radioactive nuclides 

produced in the detector and its surrounding materials by interaction with the cosmic 

radiation, as well as from direct interaction with the cosmic radiation. I) 2) 3) 4) These 

gamma-rays are listed together with characteristic X-rays following the decay of 

natural radionuclides in the table. 

Artificial radioactive nuclides to emit a y -ray with same or near energy value as 

that of the listed y - and X-ray are also given in the same line of the table. Selection of 

these corresponding artificial nuclides is based on a list of strong gamma-rays from 

radioactive nuclide provided by authors, previously. 5) 6) 

Furthermore, y -ray spectra obtained from a rock, uranium ore, thorium, 

monazite, and uraninite with a germanium detector, and also background spectra 

obtained by shielded detectors with iron or lead have been shown in appendix B. 

Authors wish to use this table not only in environmental radiation monitoring, 

but also in field of research on natural radioactivity. 

2. Data source 

All energies and their intensities of y -rays given in this table are those retrieved 

from Evaluated Nuclear Structure Data File (ENSDF, file as September 1997) 

maintained by National Nuclear Data Center at Brookhaven National Laboratory, 

USA, on behalf of the International Network for Nuclear Structure and Decay Data 

evaluation. 7) 

Energies of characteristic X-rays are those from Table of Isotopes. 8) 

3. 	 Gamma-ray emitters and interactions 

Gamma-rays listed are those from radionuclides and interactions as follows. 

3.1 	 Natural radionuclides (see Appendix A.) 

- 1 
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Nuclides belong to the thorium, 4n, series. 


Nuclides belong to the uranium, 4n+2, series. 


Nuclides belong to the actinium, 4n+3, series. 


Natural radionuclide not belong to any natural series: 


4°K (EC, fJ -) 


60V (EC, fJ-) 


138La ( EC, fJ -) 

176Lu(fJ -) 


3.2 	 Nuclides produced by the cosmic radiation in terrestrial environment: 

7Be (EC) 

22Na (EC) 

28Al (fJ-) 

3.3 Nuclides produced by radiative capture and inelastic scattering with the cosmic 

neutrons in germanium crystal. 


71mGe (IT) 


73mGe (IT) 


76mGe (IT, fJ-) 


77mGe (IT, fJ -) 


Reaction products from(n, a) , (n,p), (n,2n), (n,xnyp), and (p,xnyp) reactions are 

not listed. 

3.4 	 Reaction and inelastic scattering: 

IH(n, '1) 

19F(n,n' '1) 

66,67Fe(n,n' '1) 

66Fe(n, '1) 

63,66Cu(n,n' '1) 

63,66Cu(n, '1) 

70,72,74,76Ge(n,n' '1) 

10,73Ge(n, r ) 
110, 11 1. 112,113,114Cd(n,n' '1 ) 

113Cd(n, '1) 

116,117, 118,1208n(n,n' '1) 

115, 117,1198n(n, r) 

204Pb(n, '1 ) 

206,207,208Pb(n,n' '1) 

- 2 
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List of gamma-rays from natural radionuclides 

Explanation of the table. 

1. Col. 1 "Energy" 

Energy of gamma-rays and X-rays in keY, except for 691.43 keY, that is the 

transition energy. Gamma-rays at 2103.5 and 1592.5 keY are single and double escape 

peak of the 2614.53 keY r -ray, respectively. See section 3 for energy values of X-rays. 

2. Col.2 "Intensity" 

Photons per 100 decays of the parent nuclides in equilibrium with its daughter 

nuclides. For nuclide to belong to no any decay chain, photons per 100 decays of the 

nuclide in col. 3. 

3 Col.3 "Nuclide" 

Parent nuclide emitting the r -ray of coLI unless otherwise noted. The nuclide is 

indicated with a chemical symbol and a mass number. The letter "m" after the mass 

number means that the nuclide is an isomer. The letter before the chemical symbol 

means: 

a: belongs to actinium series 

t: belongs to thorium series 

u: belongs to uranium series 

c: produced by interaction with cosmic neutrons or the target nuclide in that 

interaction. 

x: not nuclide, but the characteristic X-ray is given. For example, Bi Kal is Ka 1 

X - rays of Bi. Kb1, La, Lb, and Lg are as follows: 

Kbl: KPl+KPs X-ray 

La : La 1+La2 X-ray 

Lb: LPl+LP2.15 X-ray 

Lg : L r 1 X-ray 

Values of energies of these X-rays are those obtained by a weighted average of each 

components. 

4 Col. 4 "Decay mode" 

Mode of decay of nuclide or type of interaction emitting r -rays in col. 1. 

Symbols using in this column: 

A: a decay 

B-: P- decay 

EC: Electron capture and P+ decay 

IT: Isomeric decay 

NN: (n,n'r) 

NG: (n, r) 

4 

http:LPl+LP2.15


5 
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Col. 5 "Ha1f life" 

Half-life of the nuclide in col.3. Units and their symbols using in this column: 

US: Microsecond 

MS: Millisecond 

S: Second 

M: Minute 

H: Hour 

D: Day 

Y: Year 

6 Col. 6 "Relational artificial radionuclides" 

Artificial radionuclides emitting the r -ray with energy value equal or near to 

that in col. 1 are listed. The nuclides are shown with a chemical symbol and a mass 

number. The letter "m" after the mass number indicates that the nuclide is the isomer, 

and "m 1" for the first (low energy) isomer and "m2" for the second isomer. Symbol 

"gm" indicates that the artificial nuclide has two decay modes, ground-state decay and 

metastable state decay, and emits their r -ray corresponding to one in col. I. 

7 Other symbols using in the table. 

= Approximately equal to 


> Greater or equal to 


< Less than or equal to 


Not reported, or reported in ENSDF but not given here 

- 5 
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Energy 4.4 -- 15.5 (keV) 
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Energy 15.5 --- 31. 5 (keV) 

0.72 

x Ac Lb 
x Po Lg 
x Th Lb 
t Ra-228 
x At 

B 5. 75 y 

I 
I 
I 
I 
I 

:Nd-152 

I 
I 
I 
I 
I 
I 
I 
I 

I I I 

1:Ta-182m2:Pt-183m : 

-7
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Energy 31. 5 -- 45.4 (keV) 
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Energy 46.3 ~ 59.6 (keV) 

9 
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Energy 59.6 -- 71. 9 (keV) 

-10
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Energy 72. 7 --- 83. 7 (keV) 

-11
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Energy 83.8 --- 94.9 (keV) 

a Pb-21183.8 0.058 
84.21 6.6 a Th-231 

1. 2284.37 t Th-228 

B
B

A 


36.1 M 
25.52 H 

1.9116 Y 

I I I I 

Te-114 :Se- 73m :Pd-100 :Pu-243 :Bk-247 

In-109 :Fr-212 :W -176 :U -231 :Np-235 


I I ILu-170 I I I 

Ir-194m1:Re-177 :Fr-224 :Tm-161 :Ac-224 
Ir-189m2: I 

I 

-12
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Energy 95. -- 105.2 (keV) 

I I I I


95. 0.018 a Pb-211 36.1 MB Mo-103 :Pa-228 :Ha-258 :Ir-189 :Ta-172 
A95. 7 
 0.37 703.8E+6 Ya U -235 As- 79 :Xe-121 :La-136m :Eu-159 :Se- 79m 

x Pa Ka195.86 
 Sr-100 I I 

I I 


A96. a Pa-231 3. 276E+4 Y Dy-165m :N 19 :Pd-113 :Xe-119 :Yb-176m 
Cf-246 :Fm-257 

-13 
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Energy 105.3 --- 118.1 (keV) 

-14
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120.35 0.026 a U -235 A 703.8E+6 Y 

15

Energy 

Sr- 98 :Zn- 78 
Tm-159 :Tb-147 
Xe-118 :Re-179 
Tl-196m :Hf-170 
c 

120.3 -- 134.4 (keV) 

:Ac-223 :Kr- 75 
:Y - 81 :Ir-184 
:Zr-l03 :Fr-210 

:In-124m 
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Energy 134. 6 -- 147.4 (keY) 


-16
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Energy 149. 8 ~ 166.4 (keY) 

-17
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Energy 166. 5 ~ 182.6 (keV) 


-18 
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Energy 183.5 -- 197.9 (keV) 


183.5 0.033 a Th-231 B 25.52 H 
I I I

:Rb- 82m :Pt-177 :Nd-139 
I I 

184.54 0.07 t Ac-228 B 6.15 
I

H :1r-177 
:Ho-166 

7 
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Energy 198.8-- 215.2 (keV) 


- 20 
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Energy 215.9--

21 
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Energy 233.6 -- 249.6 (keV) 


- 22 
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249.6 --
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Energy 267.1 ~ 282.9 (keV) 


- 24 
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283.69 
284.4 

283.6 --

Ho-162m :Cu- 61 :Sn-110 :Tm-148 :Bi-196m2 
Ir-192 'Tb-152m I I 

1.7 a Pa-231 A 3. 276E+4 Y La-147 :Gd-161 :Ra-227 :Pd-118 
0.024 a Th-227 A 18.72 D TI-199 :La-128 :Pb-205m :Ac-223 

Gd-142 : 131m2:Ba :Ce-1 

25 
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Energy 301. 7 ~ 319.2 (keV) 


- 26
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Energy 320. 1 338.3 (keV) 
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Energy 339.8-- 357.9 (keV) 
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Energy 359.3-- 380. (keV) 

29 
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Energy 382. --- 399.6 (keV) 

Bi-195gm:Y - 87m :Bk-245 :1 -116 : 
382. 6.2E-04 u TI-210 B 1.30 M Es-253 

Pt-188 
:Sr- 83 
:Sr- 83 

:Hg-180 
:Y - 94 

:1 -136m 
:Tc-112 

:Sn-123m 
:Pu-243 

Pd- 95m :Tm-176 :Au-180 :Ge- 66 :Pm-133 
Ru-lll :Pb-198 :Am-240 

-30
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Energy 401. 1 426.9 (keV) 
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Energy 427. ~ 452. 7 (keV) 

427. 6.8E-04 
1. 76427.09 

427.4 4.9E-08 
427.4 2.0E-OS 

a Pa-231 
a Pb-2ll 
u Pa-234 
u Pa-234m 

A 
B
B
B

3. 276E+4 Y 

36.1 M 
6. 70 H 
1. 17 M 

- 32 


I I I I 

Nd-133 :Tb-1S1 :Tb-1S4m2:Rn-208 :Ru-109 
W-177 :Ge- 64 :Pm-133 :Ir-187 
Cs-121m :Cs-121 :Pt-187 
Pd- 99 :Tb-163 
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Energy 452.9 477.6 (keV) 

452.92 
452.98 
453.58 

0.031 
0.363 

1.9E-03 

u Bi-214 
t Bi-212 
u Pa-234m 

B
A 

B

19.9 M 
60.55 M 
1. 17 M 

- 33 
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Os-192m :Fm-251 
TI-206m :Eu-139 
Pa-232 :La-131 
Pr-146 :Pm-1 
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Energy 478. -- 500.4 (keV) 
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Energy 501. 4 --- 524.6 (keV) 


35 
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Energy 526. 0 -- 547.6 (keV) 

I I I I

1.17 M526.02 9.2E-06 u Pa-234m B Nb- 99m :Hg-187gm:Pd-lllm :Hg-195m :La-131 
Gd-141 :C8-125 :Gd-141m :Lu-166ml:Gd-142 
Cd-l07 :Sb-128 : I -128 :Xe-135m :C8-128 

527.61 A0.07 a Ra-223 11. 435 D Au-201 :Ho-151 :Ir-197gm:Au-185 :C8-143 
At-210 : I -139 I I 

I I 

36
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Energy 548. 7 ~ 572. 1 (keV) 

548.73 0.023 t Ac-228 B 6. 15 H Kr- 92 
I 

:Pt-184 
I 

:Zn- 62 
I 

:Tb-164 
I 

:Tc- 91 
Rb- 81m :Cs-129 :Ar- 45 :Zr-l02 :Er-157 

549. 73 0.114 t Rn-220 A 55.6 S Sn-132 :Nb- 97 :Cm-249 :Hf-173 :Fr-228 
W-189 :Pm-148m :Pm-148 :Eu-148 :Ir-189m2 
La-130 :Bk- I 

I 
I 
I 

- 37
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Energy 572.7 ........ 596.9 (keV) 


38
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Energy 598. 5 -- 620. (keY) 

- 39 
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Energy 620. -- 641. (keV) 


40 
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Energy 643. 2 --- 669.6 (keV) 

I I I 

643.2 4.3E-05 u Pa-234 B 6. 70 H :Pa-236 :Np-236m :Pu-240 
:Ru- 93m :Sn-125m :Yb-179 
:Rb- 81m :Sb-ll1 :La-128 

644.2 4.6E-05 a Th-227 A 18. 72 D :La-143 :Fr-210 :Te-1l9 
:C8-123 :Y - 96 I -163I 

- 41
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Energy 669.7 -- 695.5 (keV) 


- 42 
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Energy 697.9 722.9 (keV) 


Te-129m :Pm-152 :Pm-136m :Pb-195 :In-127m 
Rn-210 :Pm-144 :Pr-144 : 

697.9 0.051 u Bi-214 B 19.9 M In-120m2:Sb-132 :Sb-132m :Rb- 82 
Sr- 97 :Lu-172 :Tb-162 :Sb-130m 
Pr-l :Rn-207 :Pr-14 :Pr-l 

- 43 
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Energy 723.6 ~ 752.8 (keV) 


44
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Energy 754. ~ 780.5 (keV) 
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Energy 781. 3 --- 808.2 (keV) 


I I I I 


Am-246 :Y - 96 :Ir-183 :Pd-109 :Ge- 79m781. 37 7.8E-03 u Pa-234m B 1. 17 M 
Pb-192 :Ag-1l8 I 

I 

782.14 0.485 t Ac-228 B 6.15 H At-209 :Pr-149 :Y - 99 :Sm-139 
Sn-129m :Te-131m :As- 80 :Au-181 
Fr-222 :Y - 80 :Mn- 50 4 

-46
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Energy 808.4 -- 834.0 (keV) 
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Energy 835. 7 ~ 866. (keV) 


-48
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Energy 866. 8 ~ 897.7 (keV) 


-49 
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Energy 897. 7 -- 930.9 (keV) 

897.78 0.259 a Tl-207 B 4. 77 M 
Tb-158 
Bi-207 

I 
I 
I 

:Am-244 

I 
I 
I 

:Rb- 88 

I 
I 
I 

:Y - 88 

I 
I 
I 

:Tm-164m 
897. 78 c Pb-207 NN Cd-l07 :Cu- 69 I 

I 

898.67 5.2E-03 u Pa-234 B 6. 70 H Sr-IOO :Cd- 98 :Pa-230 !Yb-177 !Sn-132 
Pb-204m :Bi-204 :Sn-130m ! 133m !La-132m 
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Energy 934. 0 -- 970. (keV) 

934.06 3.03 u Bi-214 B 19.9 M 
1r-1 :0 21 : -115m :Pm-156 : 

Cd-117m :Br- 73 :Bi-200 :Ho-156 :Sr- 96 

Er-161 :Pr-150 :Sb-116 :La-145 :In-116 

Ho-170 :Ga- 65 :Lu-166m1:Hg-193m :Rb- 81m 

La-124gm:Re-178 :Th-235 :Eu-147 :Sb-131 


- 51



JAERI - Data/Code 98-008 


Energy 971. 7 ~ 1013.5 (keV) 


I I I I

971. 7 9.3E-06 a Th-227 A 18. 72 D Rb- 77 :Ta-174 :Te-1l2 :Nb- 98 :Fr-230 
Pm-138m :Y 92 :Nd-136 :Sb-116m :Sb-116 

I IIn-129m :Rn-207 : I -119 I I 

975. 1 4.3E-05 u Pa-234 6. 70 H Po-202 :Sb-132m :Sb-132 :Pr-134m :Pr-134B , 
ITi- 45 :Y - 84m :Tb-152 122m1 :Na- 25 
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Energy 1013. 8 ~ 1054. 1 (keV) 
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Energy 1055. -- 1106.9 (keV) 
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Energy 1109. 4 ~ 1165. (keV) 
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Energy 1167.3 ~ 1241.2 (keV) 
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Energy 1245.0 -- 1330. (keV) 
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J AERI - Data/Code 98- 008 


Energy 1337.3 -- 1407.9 (keV) 
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Energy 1409.1 -- 1501.5 (keV) 
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Energy 1507.3 -- 1620.5 (keV) 
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Energy 1625.0 -- 1732.2 (keV) 
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Energy 1737. 7 ~ 1847.4 (keV) 
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Energy 1849.8 -- 2000.9 (keV) 

I 	 I 

I
As- 80 :Tc-l00 

B I I
4.4E-051849.8 u Pa-234 6. 70 	 H Rb- 91 :C - 17 
I 


B
I I 

I I
1850. 13 
 4.4E-03 
 t Ac-228 
 6. 15 	 H In-108m :Cr- 57 I 	 I I 


1863.09 1.2E-03 u Pa-234m B 1.17 	 M Ga- 72 :Cu- 60 :Bi-205 : I -114m : 0 - 22 
Tb-148 'In-129 
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Energy 2010. ~ 2430. (keY) 
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Energy 2444. 7 3269.7 (keV) 
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Appendix A. Natural radioactive families 

Thorium series (A=4n) 

Uranium series (4n+2) 

Actinium series (4n+3) 

Natural Radioactive Families 


Thorium Series 

90Th 

Pdecay 
89Ae 

88Ra a decay 

8SRn 

asAt 

84PO 

83Bi 
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Uranium Series 

90Th 

S9Ac 

ssRa 

S6 Rn 

8SAt 

SOHg 
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Actinium Series 

90Th 

89Ac 

8aRa 

86Rn 

8SAt 
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Appendix B. Some examples of natural gamma-ray spectrum 

Rock, Uranium ore, Thorium, Monazite, Uraninite, and 

Natural background 

Gamma-rays from a rock (1) 
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