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Nuclide

¿n

¡H

ÍH
ÍH
]He
^He
fLi

JLÍ
¡Be
'$B
'¿c

T
I47N
'¿N
'|o
17O8U

Í^Ne
"Na

Natural
Abundante

99.985
0.015

—
0.00013

99.99 +
7.42

92.58

19.7

98.892

99.635
0.356

99.759
0.037
8.82

__

Mass Difference
A = M - A (MeV) "*

(at. mass - al. Type of
mass No.) Decay Half-Life

8.0714 &- 12 min
7.2890 - -

13.1359 -
14.9500 0" 12.3 y
14.9313 - -
2.4248 — —

14.088 - -
14.907 -
15.769 EC 53.3 d
12.052 - -
10.648 jT99+% 20.38 min

ECO.2%
0 _ „
3.0198 ¿T 5730 y
2.8637 -
0.100 - -

-4.7366 - -
-0.808 - -
-8.025 - -

-5.1-82 /3+ 89.8% 2.602 y

Major Radiations,
Energies {MeV), and

Frequency per
Disinlegralion (%)

@~: 0.78 max

j3~: 0.0186 max, no 7
—
—
_

7: 0.478 (10.3%)
—

/T: 0.960 max (avg 0.386)
7: 0.511 (200%, 71)

j3~: 0.156 max (avg 0.0495), no 7

—

—
—
—

/T: 0.545 max (avg 0.215)
EC 10.2% 7: 0.511 (180%, 7*), 1.275 (100%). Ne

X rays



Natural
Abundance

Nuclide (%)

??Na 100.
??Na

^Mg 78.60
?fMg 11.3

SAI

"SAI

32p

15̂  —

gS 95.0
3$*
Ifr* —

37o
165* —

380

16Í>

??CI 75.53
??Q 24.47

Mass Difference
A = M - A (MeV)

(at. mass - at. Type of
mass No.) Decay

-9.528 -
-8.418 0-

-13.933 —
-16.214 -
-12.211 0+ 81.8%

EC 18.2%

-11.982 0*

-24.303 0-

-26.013 -
-28.847 0-

-27.0 0-

-26.8 0-

-29.015
-31.765 -

Major Radiations,
Energies (MeV), and

Frequency per
Half-Life Disintegration (%}

— —

*5,00 h 0~: 1 .390 max (avg 0.554)
y: 1.369(100%), 2.754(100%)

— —
— —

7.16 x 105 y 0+: 1.174 max (avg 0.544)
y: 0.511 (164%, y*), 1.130 (2.5%),

1.809(100%), MgX rays
6.4 s 0*: 3.21 max

y: 0.511 (200%, y*)
14.29 d 0~: 1.710 max (avg 0.695)

No y
— —

87.44 d 0~: 0. 167 max (avg 0.0488)
No y

5.06 min 0~: 1.6 max (90%)
4.7 max (10%)

y: 3.09 (90%)
2.87 h 0~: 1.1 max (95%), 3.0 max (5%)

y: 1.88 (95%)
Daughter radiations from 38C1

— _

— —

26»

SFe

57Co

281

0.0118

100

-23.05

-30.951
-33.533

-35.02

-57.705
-57.474
-60.660

26.16
30.9

-59.339

-61.651

-56.10

64.47 L
-67.27

EC

í3" 89%

EC 11%

EC

EC

EC60%

1.8 s

35.02 d
1.28 x Í09y

12.36H

2.70 y
45.53 d

270.9 d

5.271 y

36.08 h

&*: 4.94 max
y: 0.511 (200%, y1), 1.22 (5%) 1 76

(2%)
y: Cl X rays
&-\2 max (avg 0.585)
y: 1.461 (11%), Ar X rays
0~: 1.996 max (avg 0.822) (18%)

3.521 max (avg 1.564) (82%)
y: 1.525(17.9%)

y: Mn X rays
/3~: 0.131 max (avg 0.036) (1.3%)

0.273 max (avg 0.081) (45.3%)
0.465 max (avg 0.149) (53.2%)
1.565 max (0.2%)

y: 0.143 (1.0%), 0.192(3.0%),
1.099 (56.1%), 1.292 (43.6%)

y: 0.014 (9%), 0.122(86%),
0.136(11%), Fe X rays

0~: 0.318 max (avg 0.0%) (99.92%)
1.491 max (0.08%)

y: 1.173 (99.98%), 1.332 (99.90%)
¿+: 0.843 max
y: 0.127 (13%), 0.511 (80%, y*),

1.38 (78%), 1.76 (7%), 1.92 (15%),
Co X rays



NuclJde

SZn

Natural
Abundance

(%)

—

Mass Difference
A = M - A (MeV)

(at. mass — at.
mass No.)

-65.92

Type of
Decay Half-Life

EC98.5% 243.9 d
8+ 1.5%

Major Radiations,
EnergiéT (MeV), and

Frequency per
Disintegration (%)

B+: 0.330 max (avg 0.143)
7: 0.511 (3.0%, -y*), 1.116(51%0, CuX

81.48

•79.753

•85.95

-77.79

-79.23

0-

EC70%
|3+26%

8+ 70%
EC 30%

EC 67%
iT 33%

10.72 y

32.77 d

29.12 y

5.0 h

14.74 h

rays
e": 1.107
8~: 0.687 max (avg 0.251)
7: 0.514 (0.43%)
8+: 1.658 max (avg 0.756) (14%),

0.777 max (avg 0.338) (12%),
|T: 0.890 max (avg 0.331)
7: 0.511 (52%, 7*), 0.882 (71%)

Kr X rays
8~: 0.546 max (avg 0.196), no 7

Daughter radiations from ^Y
0+: 2.24 max
7: 0.231 (13%), 0.511 (140%, 7*),

0.770(8%), 2.16(9%),
Sr X rays

e~: 0.215
|S+: 3.17 max (1.8%) and others; avg 0J

0.759
7: 0.443 (17%), 0.511 (66%, 71),

0.628 (33%), 0.703 (15%).
0.777 (22%), 1.077 (83%).
1.153 (31%), 1.854 (17%).
1.925 (21%), SrX rays

100

1161711,.
49ln

52 »

'̂ 1

12.26
28.86
95.70

18.71

-86.50
-87.33
-87.18

-88.014
-87.974

-87.46

-89.041
90.018
89.54

-88.14

90.05
-87.90

IT

IT

EC

EC 60.2%
3" 36.5%
8+ 3.3%

64.0 h
2.12 x i t f y
6.02 h

56.12 min

16.96 d

5.1 x 10l5y
54.15 min

13.02 d

J3": 2.284 max (avg 0.935). no 7
/T: 0.294 max (avg 0.101), no 7
7: 0.140 (89%), Te Xrays
e': 0.002,0.119

7: 0.040(0.07%), RhX rays
e~\, 0.037, 0.039
7: 0.062 (0.001%), 0.295

(0.003%), 0.357 (0.022%),
0.497 (0.004%), Rh X rays

Daughter radiations from l03mRh

8~: 0.494 max (avg 0.152), no 7
0~: 1.007 max
7:0.417(29%), 0.819(11%),

1.097(56%), 1.294(84%),
1.507 (10%), 2.112 (16%)

8~: 1.251 max (8%) and others; avg
0.290

(3+: 1.130 max (avg 0.508)
7: 0.341 (39%), 0.491 (3%)

0.511 (6.6%, 7*), 0.666
(33%), 0.754 (4%), Te X rays



Natural
Abundaría;

Nuclide (%)

'sil -

Mass Difference
A = M - A (MeV)

(at. mass — at.
mass No.)

-87.441

Type oí
Decay

r
Half-Life

8.05 d

Major Radiations,
Energies (MeV), and

Frequency per
Disintegratíon (%)

0~: 0.248 max (avg 0.069) (2%)

55*

*l
137n

76*-

,
7»

0.090

11.3

100

•89.15
86.9

-88.0
-87.4

-36.4

-36.5

-31.17

IT

30.0 y

2.55 min

15.4 d

IT 4.94 s

0.334 max (avg 0.097) (7%)
0.606 max (avg 0.192) (89%)
0.807 max (0.6%)

y: 0.080 (2.6%), 0.284 (6.1%),
0.364 (81%), 0.637 (7.3%),
0.723 (1.8%)

e': 0.046, 0.330
Daughter radiations from '3lmXe

)3~: 1.174 max (5%)
0.512 max (avg 0.173) (95%)

7: 0.662 (85%, l37mBa), Ba X rays
e': 0.624, 0.656

y: 0.662 (90%), Ba X rays
e~: 0.624, 0.656
j3': 0.142 max (avg 0.038)
y: 0.129 (26%), Ir X rays
e': 0.029, 0.031,0(039, 0.053
Daughter radiations from I9lmlr included

above
•y: 0.129 (26%), Ir X rays
e~: 0.029, 0.031, 0.039. 0.053

-29.59

'3Hg
JgHg

siTi
20ípu
82rD

20óphSPT)
2iOpu
82r"

10.2

—

70.50

25.1

-30.97
-25.26

-23.81
-23.77
-23.79
-14.73

2l4pu
82™

2I4RÍ83»!

-0.15

-14.79
-1.19

-15.95

EC

2.696 d 0~: 0.225 max (avg 0.079) (1%)
0.961 max (avg 0.315) (99%)

y: 0.412 (96%), 0.676 (I %).
1.088(0.2%), HgX rays

e~: 0.329, 0.398

46.60 d /T: 0.213 max (avg 0.058)
7:0.279(82%), TI X rays

1.43 x 107 y y, TI LX rays

22.3 y ¿T: 0.017 max (avg 0.004) (80%)
0.063 max (avg 0.016) (20%)

7: 0.047 (4%), Bi X rays
e': 0.030,0.043
Daughter radiations from 2l°Bi, zl°Po

26.8 min 0~: 1.024 max (6%) and others; avg &'
0.219

7: 0.053(1%), 0.242(7%),
0.295 (19%), 0.352 (37%),
0.786(1%)

e': 0.037, 0.049
Daughter radiations from 2l4Bi, 2l4Po

5.012 d |T: 1.162 max (avg. 0.389), 007
19.9 min 0~: 3.27 max (18%) and others; avg 0'

0.638
r- 0.609(46%), 1.120(15%),

f.765 (15%),
138.38 d a: 5.305 (100%)

y: 0.802 (0.0011%)



Mass Difference
Natural A = M - A (MeV)

Abundance (at. mass — at. Type of
Nuclide (%) mass No.) Decay Half-Life

Major Radiations,
Energies (MeV), and

Frequency Per
Disintegration (%)

2MPo84^°

218Po84^°

- -4.47

— 8.38

a

a (99.98%)

164 ns

3.05 min

a: 7.69
y: 0.800 (0.010%)
a: 6.003

8.85

10.61

16.39

23.69

(0.02%) 0~: 0.256 max
Daughter radiations ftom 214Pb, 2t4Bi,

214Po
3.96 s a: 6.82 (80%), 6.55 (12%),

6.42 (756)
7: 0.271 (10%), 0.402 (7%),

Po X rays
55.6 s a: 6.29

7: 0.55 (0.07%)
Daughter radiations from 216Po

3.8235 d a: 5.490
7:0-510(0.078%)
Daughter radiations from 2l8Po, 2l4Pb,

2I4Bi, 214Po
1600 y a: 4.602 (5.5%), 4.785 (94.4%)

y: 0.186 (3.3%), 0.262 (0.005%),
Rn X rays

e~: 0.088, 0.170
Daughter radiations from 222Rn, 3!8Po,

2NPb, 2I4BÍ, 2l4Po

0.720 40.93 7.038 x 10" y

99.276

239Pn94 ru

47.33

48.60

4.468 x 109y

24,065 y

a: 4.218 (6%), 4.326 (5%), 4.366 (18%),
4.400 (56%), 4.417 (2%), 4.505
(2%), 4.558 (4%), 4.599 (5%)

y. 0.109 (2%), 0.144 (11%). 0.163 (5%),
0.186 (54%), 0.202 (1%). 0.205
(5%), Th X rays

e': O.OÍ6, 0.020
Daughter radiations from 23ITh, etc.
a: 4.¡49(23%), 4.198(77%)
y: 0.050 (0.070%), Th X rays
e~: 0.030, 0.033, 0.046, 0.050
Daughter radiations from 234Th, 234mPa,

etc.
a: 5.105 (11%), 5.143 (15%), 5.156

(74)%
7: 0.010 (0.001%), 0.039 (0.006%),

0.052 (0.021%), 0.099 (0.001%),
0.129 (0.006%), 0.375 (0.002%),
0.414 (0.002%), U X rays

e~: 0.009, 0.013, 0.018, 0.022, 0,031,
0.034, 0.047

Daughter radiations from 235U, etc.

5ource: Most of the decay data were obtained with the utility code, DEXRAX: K. f. Eckerman, R. J. WestfaU, J. C. Ryman, and M. Cristy, Nuclear
Decay Data Fileí of the Dosimetry Research Group, ORNL/TM-12350, Oak Rtdge National Laboratory, Oak Ridge, Tenn. (December 1993). See
also K. F. Eckerman, R. J. Wéstfall, J. C. Ryman, and M. Cristy, "Availability of Nuclear Decay Dala in Electronic Form, Inciuding Beta Spectra not
Previously Published," Health Phys. 67, 338-345 (1994). The author is grateíul lo Dr, Eckerman for his subslantial help. Valúes of the mass
djfferences, A, are from the Radiological Hea/ín Handbook, U.S. Public Health Service Publ. No. 2016, Bureau of Radiological Health, Rockville,
Md. (1970).
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