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*. <>..if>Y (JuLoJSt) Jjjjj-a ljlĵ ») I.IIIHJ j) oi(j ^UbuiVI j^ S-JU
Yj ,u*UUJî J Iju ĵju jjJJI jlS-nil ijJu»JI SlobJI a-dbjJJ *^U«ljjJI i-.-Kirtjt .ilUi uJI

jl ,\^io *1-6, ijjJJI JjLJUU jUUI ii (iljLttij U.*-ijj..j» v»j--» >AJU it̂ JI ajl ^^Lt. o-JU»

tiiJJJ
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u» j-» sJI iiiLc.U-iVI

.pJUJI *Ua) J-M*. ̂  JjUjJI ̂  oi-t .atA.l l jl>*Jlj c^UU-iVI î ,5j>.liJI
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OL-jlJH jit* J ĵOJ jiUu <^» diJi J U OL-jUl> ̂  jJ\fti OJA ,5.̂  -f- >

Oi ̂ 1̂ 1 oUklt j4 t/i Jt (.JLkr ji jo\*l» olft ̂ f Oi j\a^ iJji J \4

00* J t^oJl -0->



A-UJI ̂

12
-V\

(1)

U .

(t)

(j)

Jl»Jl
"J 5-»
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lilJI

.JLA ctl.lkt.l JttuVI

jf



-V

(I)

.l a—jU*

c*L«jU« c^l.lU-i* t̂ Ic,

4 U* <Ci

jt

Jli-i! j^ Ji-i

(22 -V-V

u<

jl

t=*L*jjaj) -t-r

15



16

" u*_>J" &iA»«i (J)

U LA i^jtjJf oL-jUJU a«li-i.ll ol.lh-sj) a.. •> i W jjL** l*Jl Ji-jJ 2—jU* L>*
u j

jt "'" lJ

tl^U rU2U (.jUJIj 'l̂ rlfl ^*i— . 0-4 ^^t ,1 JLtt
(i)J*jJI

-VY

pJ U (i ••'" IJJk ^j OJJJL*. ^SJI ilLU 4>t 4Aj^L* CjULfaCU 2a>jLJI t̂ il 1 1 InT <!) «JL*

LJI ̂

^ v -v-r

Jl I«J^«K(J jl <4U^U jl KLBjjjJ jl i^jjil 1^1 jl i«jljyi 1 1/) jl lAJUlit jt i4«_l |-»jil jl i^iVjI.I Hit J>

.A< ),>».•; .«) j! ,43 jU*. jl < Jj « A" 1 1 «i)j-tl jl <4il£« ojo^J ji <AJU|>« jL2»l ji "T* — *
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cl*»JOjf ĴCL-I! UjLitU

~v~r

fc-W pJ U .(MiUJI tJy»

-Y-Y

jf l̂lijJ» O^JjjpVJ «Ju» cM </' J -̂* 2Jil»l pSI -t-Y

iolli

UU



26

5.»U

Ji-Jill »lil u.-'"'-" </̂ *J' yAjjCJU Jl«lj UJ -V-V

«=*l̂ *j -j* '^* "i"j

-A-V

UL''"r • ' *" J t -~ i" *' 2-jfjl**)) OatS lil 4J tj— -^j t" Jl Jr- " i"j

j U5 1()?llJ*JI '(jjrVI Jli-il «>• JS-i Ji ju^

ui (*(>». VI jtfUiSj j.--'-' '* ^^ LkJvi. jl •«-- iL-JI î ili Ji-a-JI uilv* >V>S
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World Medical Association, F-01210 Femey-Vohaire, France.

COUNCIL FOR INTERNATIONAL ORGANIZATIONS OF MEDICAL SCIENCES in collaboration with (W)
WORLD HEALTH Geneva (1993). Organization, loternationl Ethical Guideline for Biomedical
Re«earch Involving Human Subjects, CIOMS,

WORLD HEALTH ORGANIZATION, Use of Ionizing Radiation and Radionuclides on Human ( \A)
Beings for Medical Research.Training and Non-Medical Purposes, Technical Report Series
611, WHO, Geneva (1977).
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 î-^n* n

1
^ (P'm:

1
 r*

(c) fjp«<-^|m d'^^g ir*1*̂45*1?: JP^ fmn •pw"*^r>i r*1*

P>T

r^jr? (p/» rr
4

frwnrT'
 f
 *«•

'̂T'' (^ r*r
 f

 l»"*P
(r)



51 «^bj) u-jjcJ) -r

) ,̂ -tljuiVI ^UjeJ

oUAjjOJ) JU-. ^

ljJ>J i,lliJ--J' t=ilji4»jUL l4«UJI ujL*UU» (I)

44 JJ^ S '« .^1 J J.- - *•'' ' ' iljtatVI cJlj flj • ill'J) --.fA-.^j

oijVI cijL j~ KI 4 H

• . .- utl

" u A^I A| UlU>»JI L-ili lit 'LiaJIVI - . -— a.--.--—T c^Mljj.) iUJl (f)
•'jj-; -t" i>t
iJiLJI JJL*J

^ «~ *•••*' jl oUjjJI ojjUJ lil o
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INTERNATIONAL ATOMIC ENERGY AGENCY, AMigmng a Value to Tnmboundaty Radiation
Expcnare, Safety Seriei No. 97m IAEA, Vienna (1985).
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International Atomic Energy Agency, Principlef for iJtmring Release* of Radioactive Effluents into the
Environment, Safety Series No. 77, IAEA, Vienna (1986).
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J «•;•».• Uĵ U- ^j ja-^JI a-llĵ J «i'>»iTi)) cil*ljjrVI 41 US j-* 3«*»tJ)j (A)
!4j>ijL* *j>-*J

Cati>i*Jlj jiJfcJf cr1^ U*'."'''*" Sjjli*' CM J.*.WJ)j (-*)

(j)
xi>-U

• '- A<" CM



u"*«*ie

f f«* ;.* p ip 1 1. »* d vrr

(r*i) i-^^t* nr"
1
* i

ii;'» "|f|- f(«?n#

(p

in?*rP

II* "' f ' (' |rr»

«";' •£' I*

ir
r
*i

r
T

*i ** TOT irr^n;
1
 f|nr«'»' ^ir*^

(rS)

ir
rr
«*T

>
 Ift'' re r

^i-5^")* r*ir«*»- m 51̂ Tnr »TTÎ' T" (n^sn1̂ irrir«1* r^ «r
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JOINT FOOD AND AGRICULTURE ORGANIZATION OF THE UNITED NATIONS/WORLD ORGANIZATION (YA)
FOOD STANDARDS PROGRAMME, Codex Alimeittariu* CommLllion, Codex Alimentarhu, Vol. 1 (1991)
Section 6.1, Levels for Radionuclides.

INTERNATIONAL ATOMIC ENERGY AGENCY/FOOD AND AGRICULTURE ORGANIZATION OF THE (V^)
UNITED NATIONS, Guidelines for Agricultural CoudermeMures Following an Accidental Release of
Radiomclides, Technical Reports Series No. 363. IAEA, Vienna (1994).
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JOINT FOOD AND AGRICULTURE ORGANIZATION OF THE UNITED NATIONS/WORLD HEALTH
ORGANIZATION FOOD STANDARDS PROGRAMME, Codex Alimenttrius CommwMon, Codex
AlinxMtariui, Vol. 1 (1991) Section 6.1,Levels for Ridioniclidei.
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••>) U Ji.JSJ» î » jl iu

ij ** i^ •'* -"-

INTERNATIONAL COMMISSION ON RADIATION PROTECTION; Protection against
Radon -222 at Home and at Work; ICRP Publication No. 65, Amub of the ICRP 23 2, Pergamon
Press, Oxford (1993), para. (68)).
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c*L>".ni«j iL

ua (V-Vjl) ^J* (>-Vj1) t=il_HUM Sj^JLjl ĵ tUJI s^rx (i-

) ^J ij

J.-T "'"

INTERNATIONAL ATOMIC ENERGY AGENCY; Principles for the Exemption of Radution :>Jk.f
Sources UK! Pncticei from Regulatory Cottrol, Safety Series No. 89, IAEA, Vienna (1988).
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UI >Sĵ  J— UJI ̂ Ul JUj .u-IiiJI IjLii-iU lJ î*)l liJ^^JI >Zj l u*aJI j al.yln. 'T'

COMMISSION OF THE EUROPEAN COMMUNITIES, Principleg and Methods for Establishing Concentrations
and Quantities (Exemption Values) below Which Reporting Is Not Required in the European Directive,
Radiation Protection 65, Doc. XI-028/93, CEC, Brussels (1993).
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(VT JUAUJI

Nuclide

H-3
Be-7
C-14
0-15
F-18
Na-22
Na-24
Si-31
P-32
P-33
S-35
Cl-36
Cl-38
Ar-37
Ar-41
K-40
K-42
K-43
Ca-45
Ca-47
Sc-46
Sc-47
Sc-48
V-48
Cr-51
Mn-51
Mn-52
Mn-52m
Mn-53
Mn-54
Mn-56

Activity
concentration

(Bq/g)

1 x 106

1 x 103

1 x 104

1 x 102

1 x 10'
1 x 10'
1 x 10'
1 x 10-'
1 x 103

1 x 105

1 x 10s

1 x 10"
1 x 10'
1 x 106

1 x 102

1 x 102

1 x 102

1 x 10'
1 x 104

1 x 10'
1 x 10'
1 x 102

1 x 10'
1 x 10'
1 x 103

1 x 10'
1 x 10'
1 x 10'
1 x 104

1 x 10'
1 x 10'

Activity
(Bq)

1 x 109

1 x 107

1 x 107

1 x 109

1 x 106

1 x 106

1 x 105

1 x 106

1 x 10s

1 x 108

1 x 108

1 x 106

1 x 105

1 x 108

1 x 109

1 x 106

1 x 106

1 x 106

1 x 107

1 x 106

1 x 106

1 x 106

1 x 105

1 x 105

1 x 107

1 x 105

1 x 105

1 x 105

1 x 109

1 x 106

1 x 105

Nuclide

Fe-52
Fe-55
Fe-59
Co-55
Co-56
Co-57
Co-58
Co-58m
Co-60
Co-60m
Co-61
Co-62m
Ni-59
Ni-63
Ni-65
Cu-64

Zn-65
Zn-69
Zn-69m
Ga-72
Ge-71
As-73
As-74
As-76
As-77
Se-75
Br-82
Kr-74
Kr-76
Kr-77
Kr-79

Activity
concentration

(Bq/g)

1 x 30'
1 X 104

1 X !0'
1 x 10'
1 x 101

1 x 102

1 x 10'
1 x 104

1 x 10'
1 x 103

1 x 102

1 x 10'
1 x 104

1 x 105

1 x 10'
1 x 102

1 x 10'
1 x 104

I x 102

1 x 10'
1 x 104

1 x 103

1 x 10'
1 x 102

1 x 103

1 x 102

1 x 10'
1 x 102

1 x 102

1 x 102

1 x 103

Activity
(Bq)

1 x 106

1 x 106

1 x 106

1 x 106

1 x 105

1 x 106

1 x 106

1 x 107

1 x 105

1 x 106

1 x 106

1 x 105

1 x 108

1 x 108

l x I06

1 x 106

1 x 106

1 x 106

1 x 106

1 x 10s

1 x 108

1 x 107

1 x 106

1 x 105

1 x 106

1 x 106

1 x 106

1 x 109

1 x 109

1 x 109

1 x 105
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Nuclide

Kr-81
Kr-83m
Kr-85
Kr-85m
Kr-87
Kr-88
Rb-86
Sr-85
Sr-85m
Sr-87m
Sr-89
Sr-90a

Sr-91
Sr-92
Y-90
Y-91
Y-9lm
Y-92
Y-93
Zr-93a

Zr-95
Zr-97a

Nb-93m
Nb-94
Nb-95
Nb-97
Nb-98
Mo-90
Mo-93
Mo-99
Mo-101
Tc-96
Tc-96m

Activity
concentration

(Bq/g)

1 x
1 x
1 x
1 x
1 x
1 x
1 X

1 X

1 X

1 x
1 X

1 x
1 X

1 X

1 X

1 X

1 X

1 X

1 X

1 X

1 X

1 X

1 X

1 x
1 X

1 x
1 x
1 X

1 X

1 X

1 X

1 X

1 X

104

105

I05

103

102

102

102

102

102

102

103

102

10'
10'
103

103

102

I02

102

103

10'
10'
104

10'
10'
10'
10'
10'
103

102

10'
10'
103

Activity
(Bq)

1 X
1 x
1 x
1 x
1 x
1 x
1 x
1 x
1 x
1 x
1 x
1 x
1 x
1 X

1 X

1 X

1 X

1 X

1 X

1 X

1 X

1 X

1 X

1 X

1 X

1 X

1 X

1 X

1 X

1 X

1 X

1 X

1 X

107

1012

104

10'°
109

109

105

106

107

106

106

104

105

106

105

106

106

105

105

107

106

105

107

106

106

106

105

106

10*
106

106

106

107

Nuclide

Tc-97
Tc-97m
Tc-99
Tc-99m
Ru-97
Ru-103
Ru-105
Ru-106a

Rh-103m
Rh-105
Pd-103
Pd-109
Ag-105
Ag-llOm
Ag-111
Cd-109
Cd-115
Cd-115m
In-111
In- 11 3m
In-114m
In-115m
Sn-113
Sn-125
Sb-122
Sb-124
Sb-125
Te-123m
Te-125m
Te-127
Te-127m
Te-129
Te-129m

Activity
concentration

(Bq/g)

1 x
1 x
1 x
1 x
1 x
1 x
1 x
1 x
1 x
1 x
1 x
1 x
1 x
1 x
1 x
1 x
1 x
1 x
1 x
1 x
1 x
1 X

1 x
1 x
1 x
1 X

1 x
1 x
1 X

1 X

1 x
1 x
1 X

103

JO3

104

102

102

102

10'
102

104

102

10s

103

102

10'
103

104

102

103

102

I02

102

102

103

102

102

10'
102

102

103

103

103

102

103

Activity
(Bq)

1 x
1 X

1 x
1 x
1 x
1 x
1 x
1 x
1 x
1 x
1 x
1 X

1 x
1 x
1 x
1 X

1 X

1 x
1 x
1 X

1 X

1 X

1 x
1 X

1 x
1 x
1 X

1 X

1 X

1 X

1 X

1 X

1 X

108

107

107

107

107

106

106

10s

10"
107

10"
106

106

106

106

106

106

106

106

106

106

106

107

105

104

106

106

107

107

106

107

106

106
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Nuclide

Te-131
Te-131m
Te-132
Te-I33
Te-133m
Te-134
1-123
1-125
1-126
1-129
1-130
1-131
1-132
1-133
1-134
1-135
Xe-131m

Xe-133
Xe-135
Cs-129
Cs-131
Cs-132
Cs-134m
Cs-134
Cs-135
Cs-136
Cs-137a

Cs-138
Ba-131
Ba-140a

La- 140
Ce-139
Ce-141

Activity
concentration

(Bq/g)

1 X IO2

1 X 10'
1 x IO2

1 x 10'
1 x IO1

1 x 10'
1 x IO2

1 x IO3

1 x IO2

1 x IO2

1 X 10'
1 x IO2

1 x 10'
1 x 10'
1 x 10'
1 x 10'
l x IO4

1 x IO3

1 x IO3

1 x IO2

1 x IO3

1 x 10'
1 x IO3

1 x 10'
1 x IO4

1 x 10'
1 x 10'
1 x 10'
1 x IO2

1 x IO1

1 x 10'
1 x IO2

1 x IO2

Activity
(Bq)

1 x IO5

1 x IO6

1 x IO7

1 x 10s

1 x 10s

1 x IO6

1 x IO7

1 x IO6

1 x IO6

1 x IO5

1 x IO6

1 x IO6

1 x IO5

1 x IO6

1 x IO5

1 x IO6

1 x io4

1 x IO4

1 x IO10

1 x IO5

1 x IO6

1 X IO5

1 x 10s

1 x IO4

1 x IO7

1 x 10s

1 x IO4

1 x IO4

1 x IO6

1 x 10s

1 x IO5

1 x IO6

1 x IO7

Nuclide

Ce-143
Ce-144"
Pr-142
Pr-143
Nd-147
Nd-149
Pm-147
Pm-149
Sm-151
Sm-153
Eu-152
Eu-152m
Eu-154
Eu-155

. Gd-153
Gd-159
Tb-160

Dy-165
Dy-166
Ho- 166
Er-169
Er-171
Tm-170
Tm-171
Yb-175
Lu-177
Hf-181
Ta-182
W-181
W-185
W-187
Re- 186
Re- 188

Activity
concentration

(Bq/g)

1 x IO2

1 x IO2

1 x IO2

1 x IO4

1 x IO2

1 x IO2

1 x 10"
1 x IO3

1 x IO4

1 x IO2

1 x 10'
1 x IO2

1 x 10'
1 x 102

1 x IO2

1 x IO3

1 x 10'

1 x io3.
1 x IO3

1 x IO3

1 x IO4

1 x IO2

1 x IO3

1 x IO4

1 x IO3

1 x IO3

1 x 10'
1 x 10'
1 x IO3

1 x IO4

1 x io2

1 x IO3

1 x IO2

Activity
(Bq)

1 x IO6

1 x IO5

1 x IO5

1 x IO6

1 x IO6

1 x IO6

1 x IO7

1 x IO6

1 x IO8

1 x IO6

I x IO6

1 x IO6

1 x IO6

1 x IO7

1 x IO7

1 x IO6

1 x IO6

1 x IO6

1 x IO6

1 x IO5

1 x IO7

1 x IO6

1 x IO6

1 x IO8

1 x IO7

1 x IO7

1 x IO6

1 x IO4

1 x IO7

1 x IO7

1 x IO6

1 x IO6

1 x IO5



82

Nuclide

Os- 185
Os-191
Os-191m
Os-193
Ir-190
Ir-192
Ir-194
Pt-191
Pt-193m
Pt-197
Pt-197m
Au-198
Au-199
Hg-197
Hg-197m
Hg-203
Tl-200
Tl-201
Tl-202
Tl-204
Pb-203
Pb-210a

Pb-212a

Bi-206
Bi-207
Bi-210
Bi-212a

Po-203
Po-205
Po-207
Po-210
At-211
Rn-220a

Activity
concentration

(Bq/g)

1 x
1 X
1 x
1 x
1 X

1 X

1 X

1 x
1 X

1 X

1 X

1 X

1 x
1 X

1 x
1 X

1 X

1 X

1 X

1 X

1 X

1 X

1 X

1 X

1 X

1 X

1 X

1 X

1 X

1 x
1 X

1 X

1 X

10'
102

103

102

101

10'
102

102

103

103

102

102

102

102

102

102

10'
102

102

104

102

10'
10'
101

10'
103

10'
101

10'
10'
10'
103

104

Activity
(Bq)

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

x
x
X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

6

7

7

6

6

4

5

6

7

6

6

6

6

7

6

5

6

6

6

4

6

4

5

5

6

6

5

6

6

6

,«

107

107

Nuclide

Rn-222a

Ra-223a

Ra-224a

Ra-225
Ra-226a

Ra-227
Ra-228a

Ac-228
Th-226a

Th-227
Th-228a

Th-229a

Th-230
Th-231
Th-nat

(incl. Th-232)
Th-234a

Pa-230
Pa-231
Pa-233
U-230a

U-231
U-2323

U-233
U-234
U-235a

U-236
U-237
U-238a

U-nat
U-239
U-240
U-240a

Activity
concentration

(Bq/g)

1 x
1 X

1 X
1 x
1 x
1 x
1 x
1 x
1 X

1 x
1 x
1 X

1 x
1 X

1 X

1 x
1 X

1 X

1 X

1 x
1 x
1 X

1 X

1 x
1 X

1 X

1 X

1 x
1 X

1 X

1 X

1 X

10'
102

10'
10'
10'
102

10'
10'
103

10'
10"
10°
10°
103

10°

103

10'
10°
102

10'
102

10°
10'
10'
10'
10'
102

10'
10°
102

103

10'

Activity
(Bq)

1 x
1 x
I x
1 X

1 X

1 x
1 x
1 x
1 X

1 X

1 X

1 x
1 X

1 X

1 X

1 x
1 X

1 X

1 x
1 X

1 x
1 x
1 x
1 X

1 x
1 X

1 X

I X

1 x
1 x
1 X

1 x

10*
10'
10s

10s

104

106

105

106

107

104

104

10'
104

107

103

105

106

103

107

105

107

103

104

104

104

104

106

104

103

106

107

106
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Nu elide

Np-237"
Np-239
Np-240
Pu-234
Pu-235
Pu-236
Pu-237
Pu-238
Pu-239
Pu-240
Pu-241
Pu-242
Pu-243
Pu-244
Am-241
Am-242
Am-242m"
Am-243a

Cm-242
Cm-243

Activity
concentration

(Bq/g)

1 x 10°
1 x 102

1 X 101

1 x 102

1 x 102

1 x 101

1 x 103

1 x 10°
1 x 10°
1 x 10°
1 X 102

1 x 10°
1 x 103

1 x 10°
1 x 10°
1 x 103

1 x 10°
1 x 10°
1 x 102

1 x 10°

Activity
(Bq)

1 x 103

1 x 107

1 X 106

1 x 107

1 x 107

1 x 104

1 X 107

1 x 104

1 x 104

1 x 103

1 x 10s

1 x 104

1 x 107

1 x 104

1 x 104

1 x 106

1 x 104

1 x 103

1 x 105

1 x 104

* Parent nuclides and their progeny included

Sr-80
Sr-90
Zr-93
Zr-97
Ru-106
Ag-108m
Cs-137
Ba-140
Ce-134
Ce-144
Pb-210
Pb-212
Bi-212

Rb-80
Y-90
Nb-93m
Nb-97
Rh-106
Ag-108
Ba-137m
La- 140
La-134
Pr-144
Bi-210, Po-210
Bi-212, Tl-208

Nuclide

Cm-244
Cm-245
Cm-246
Cm-247
Cm-248
Bk-249
Cf-246
Cf-248
Cf-249
Cf-250
Cf-251
Cf-252
Cf-253
Cf-254
Es-253
Es-254
Es-254m
Fm-254
Fm-255

Activity
concentration

(Bq/g)

1 x 101

1 x 10°
1 X 10°
1 x 10°
1 x 10°
1 x 103

1 x 103

1 x 101

1 x 10°
1 x 101

1 X 10°
1 x 101

1 x 102

1 x 10°
1 x 102

1 x 101

1 x 102

1 x 104

1 x 103

Activity
(Bq)

1 x 104

1 x 103

1 X 103

1 x 104

1 x 103

1 x 106

1 X 106

1 x 104

1 x 103

1 x 104

1 X 103

1 x 104

1 x 105

1 X 103

1 x 105

1 x 104

1 x 106

1 X 107

1 x 106

in secular equilibrium are listed in the following:

(0.36), Po-212 (0.64)
Tl-208 (0.36), Po-212 (0.64)
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Rn-220 Po-216
Rn-222 Po-218, Pb-214, Bi-214, Po-214
Ra-223 Rn-219, Po-215, Pb-211, Bi-211, Tl-207
Ra-224 Rn-220, Po-216, Pb-212, Bi-212, Tl-208 (0.36), Po-212 (0.64)
Ra-226 Rn-222, Po-218, Pb-214, Bi-214, Po-214, Pb-210, Bi-210, Po-210
Ra-228 Ac-228
Th-226 Ra-222, Rn-218, Po-214
Th-228 Ra-224, Rn-220, Po-216, Pb-212, Bi-212, Tl-208 (0.36), Po-212 (0.64)
Th-229 Ra-225, Ac-225, Fr-221, At-217, Bi-213, Po-213, Pb-209
Th-nat Ra-228, Ac-228, Th-228, Ra-224, Rn-220, Po-216, Pb-212, Bi-212, Tl-208 (0.36),

Po-212 (0.64)
Th-234 Pa-234m
U-230 Th-226, Ra-222, Rn-218, Po-214
U-232 Th-228, Ra-224, Rn-220, Po-216, Pb-212, Bi-212, Tl-208 (0.36), Po-212 (0.64)
U-235 Th-231
U-238 Th-234, Pa-234m
U-nat Th-234, Pa-234m, U-234, Th-230, Ra-226, Rn-222, Po-218, Pb-214, Bi-214,

Po-214, Pb-210, Bi-210, Po-210
U-240 Np-240m
Np-237 Pa-233
Am-242m Am-242
Am-243 Np-239
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• a '•_• - - t^j
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Quantity

Annual average over 5 years

Potential a-energy intake

Potential a-energy exposure

Maximum in a single year
Potential a-energy intake
Potential a-energy exposure

Unit

J

J . h - m - 3 d

WLM c d

J
J - h - m - 3 "

WLM

Value for
radon progeny"

0.017

0.014

4.0

0.042

0.035

10.0

Value for
thoron progeny6

0.051

0.042

12

0.127
0.105

30

(WL)
^

rU^JI olĵ

.(W S l̂UJI

,WL.h
iJ-.j :(WLM)

mJ.h.mJ

iJU. j>* x \
WL
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JJJLJ.JI

Quantity Unit Value

Radon progeny conversion
Radon progeny/radon exposure
conversions (equilibrium factor 0.4)

Annual exposure to radon progeny per
unit radon concentration":

at home
at work
at home
at work

Dose conversion convention, effective
dose per unit exposure to radon
progeny:

at home
at work

Dose conversion convention, effective
dose per unit exposure to radon
progeny:

(mJ-h-m- 3 ) per WLM
(mJ -h -m" 3 ) pe r (Bq-h -m~ 3 )
WLM per (Bq-h-m" 3 )

( m J - h - m ) per (Bq-m" )
(mJ-h-irT3) per (Bq-m"3)
WLM per (Bq-m"3)
WLM per (Bq-m"3)

mSv per (mJ-h-m" 3 )
mSv per ( m J - h - m " )

to

3.54
2.22 x 10
6.28 x 10

1.56 x 10"^
4.45 x 10"3

4.40 x 10"3

1.26 x IO'3

1.1
1.4

at home
at work

Radon progeny/radon concentration
conversion

with equilibrium factor F = 0.4
in general

mSv per WLM
mSv per WLM

WL per (Bq-m'3)
WLper (Bq-nT3)

4
5

1.07 x
2.67 x

10-4

.(rv

(I)



ON
e(g) :j>UUJI -UU-

Nuclide

Hydrogen
Tritiated
water

OBTa

Beryllium
Be-7

—

m Be-10
3
.1J Carbon

C - l l
C-14

Fluorine
F-18

Sodium
Na-22
Na-24

Physical
half-life

12.3 a

12.3 a

53.3 d

1.60 x IO6 a

0.340 h
5.73 x 10 •' a

1.83 h

2.60 a
15.0 h

Type

M
S
M
S

F
M
S

F

F

f,

0.005
0.005
0.005
0.005

1.000
1.000
1.000

1.000
1.000

Inhalation Ingestion
e(g)|^m e(g)s^m f| e(g)

4.8 x
5.2 x
9.1 x
3.2 x

3.0 x
5.7 x
6.0 x

1.3 x
2.9 x

io-11

10-"

I O ' 8

10-"
10""
10-"

io-9

,0-io

4.3
4.6
6.7
1.9

5.4
8.9
9.3

2.0
5.3

x
x
X

X

X

X

X

X

X

10-"
10 "
t o 9

10 x

10-"
io-"
10-"

io-9

io-10

1.000

1.000

0.005

0.005

1.000
1 .(XX)

1.000

1.000
1.000

1.8 x

4.2 x

2.8 x

1.1 x

2.4 x
5.8 x

4.9 x

3.2 x
4.3 x

10-"

10-"

10-"

io-9

10-"
,0-io

10-"

io-9

,0-io

J*-J»*«J »J-" S j M j F
:OBT *



3

i

ON

Magnesium
Mg-28 20.9 h

Aluminium
AI-26 7.16 X 10s a

Silicon
Si-31 2.62 h

Si-32 4.50 x IO2 a

Phosphorus
P-32 14.3 d

P-33 25.4 d

Sulphur
S-35 87.4 d
(inorganic)
S-35 87.4 d
(organic)
Chlorine
CI-36 3.01 x IO5 a

Cl-38 0.620 h

Cl-39 0.927 h

F
M

F
M

F
M
S
F
M
S

F
M
F
M

F
M

F
M
F
M
F
M

0.500
0.500

0.010
0.010

0.010
0.010
0.010
0.010
0.010
0.010

0.800
0.800
0.800
0.800

0.800
0.800

1.000
1.000
1.000
1.000
1.000
1.000

6.4 x 10"10

1.2 x IO-9

1.1 x 10'8
1.8 x 10'8

2.9 x 10-"
7.5 x 10-"
8.0 x 10'11

3.2 x lO'9
1.5 x lO'8
1.1 x 10'7

8.0 x 10-'°
3.2 x 10'9

9.6 x 10-"
1.4 x 1C'9

5.3 x 10'"
1.3 x 10-"

3.4 x 10"'°
6.9 x 10"9

2.7 x 10-"
4.7 x 1Q-"
2.7 x 10-"
4.8 x 10-"

1.1 x ID'9
1.7 x IO-9

\A x ID'8
1.2 x 10'8

5.1 x 10-"
1.1 x 10-'°
1.1 x 10-'°
3.7 x ID'9
9.6 x ID'9
5.5 x 10'8

1.1 x 10'9
2.9 x ID'9

1.4 x 10-'°
1.3 x ID'9

8.0 x 10-"
I . I x JO' 9

4.9 x 10'10

5.1 x ID'9

4.6 x 1Q-"
7.3 x 10'"
4.8 x 10-"
7.6 x 10-"

0.500

0.010

0.010

0.010

0.800

0.800

0.800
0.100
1.000

1.000

1.000

1.000

2.2 x

3.5 x

1.6 x

5.6 x

2.4 x

2.4 x

1.4 x
1.9 x
7.7 x

9.3 x

1.2 x

8.5 x

io-9

io-9

io-10

jO-io

io-9

,0-10

,0-io
,0-io
,0-m

10-io

jO-io

10-"



vo TABLE II-III. (cont.)

3
*

Nuclide

Potassium
K-40
K-42
K-43
K-44
K-45
Calcium
Ca-41
Ca-45
Ca-47
Scandium
Sc-43
Sc-44
Sc-44m
Sc-46
Sc-47
Sc-48
Sc-49
Titanium
Ti-44

Physical
half-life

1.28 x 109 a
12.4 h
22.6 h

0.369 h
0.333 h

1.40 x 105 a
163 d

4.53d

3.89 h
3.93 h
2.44 d
83. 8 d
3.35d
1.82d

0.956 h

47.3 a

Type

F
F
F
F
F

M
M
M

S
S
S
S
S
S
S

F
M
S

f,

1.000
1.000
1.000
1.000
1.000

0.300
0.300
0.300

1.0 x 10-4

1.0 x 10-4

1.0 x 10-"
1.0 x ID'4

1.0 x 10-4

1.0 x 10-4

1.0 x lO'4

0.010
0.010
0.010

Inhalation

e(g)

2.1 x
1.3 x
1.5 x
2.1 x
1.6 x

1.7 x
2.7 x
1.8 x

1.2 x
1.9 x
1.5 x
6.4 x
7.0 x
1.1 x
4.1 x

6.1 x
4.0 x
1.2 x

Ingestion

Vm

io-9

,0-io
,0-io

10-"
10-"

,0-io

io-9

io-9

,0-io
,0-io

io-9

io-9

io-'°
io-9

10-"

io-8

io-8

io-7

c

3.0
2.0
2.6
3.7
2.8

1.9
2.3
2.1

1.8
3.0
2.0
4.8
7.3
1.6
6.1

7.2
2.7
6.2

>(e"-V6,

X

X

X

X

X

X

x
x

x
x
X

X

X

X

X

X
X
X

>.Vm

io-9

,0-ic
,0-ic

10-"
10-"

,0-io

io-9

lO^i

,0-.o
,0-.o

io-9

io-9

,0-io

io-9

10-"

io-8

io-8

io-8

f.

1.000
1.000
1.000
1.000
1.000

0.300
0.300
0.300

1.0 x 10 4

1.0 x 10 4

1.0 x IO-4

1.0 x IO-4

1.0 x IO-4

1.0 x 10'4

1.0 x ID'4

0.010

e(g)

6.2 x lO'9

4.3 x 10-'°
2.5 x 10-'°
8.4 x 10-"
5.4 x 10-"

2.9 x 10"10

7.6 x 10-'°
1.6 x 10'9

1.9 x lO'10

3.5 x 10'10

2.4 x ID'9

1.5 x IO-9

5.4 x 10-'°
1.7 x ID'9

8.2 x 10-"

5.8 x 1C'9
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Ti-45

Vanadium
V-47

V-48

V-49

Chromium
CMS

Cr-49

Cr-51

Manganese
Mn-51

Mn-52

Mn-52m

Mn-53

3.08 h

0.543 h

16.2 d

330 d

23.0 h

0.702 h

27.7 d

0.770 h

5.59 d

0.352 h

3.70 x IO6 a

F
M
S

F
M
F
M
F
M

F
M
S
F
M
S
F
M
S

F
M
F
M
F
M
F
M

0.010
0.010
0.010

0.010
0.010
0.010
0.010
0.010
0.010

0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100

0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100

4.6
9.1
9.6

1.9
3.1
1.1
2.3
2.1
3.2

1.0
2.0
2.2
2.0
3.5
3.7
2.1
3.1
3.6

2.4
4.3
9.9
1.4
2.0
3.0
2.9
5.2

x 10-"
x 10-"
x 10-"

x 10-"
x 10-"
x ID'9
x 10 -9

x 10-"
x 10-"

x 10-'°
x 10-'°
x 10-'°
x 10-"
x 10-"
x 10-"
x 10-"
x 10-"
x 10'"

x 10 "
x 1Q-"
x ID'10

x ID'9

x 10-"
x 10-"
x 10'"
x 10-"

8.3
1.4
1.5

3.2
5.0
1.7
2.7
2.6
2.3

1.7
2.3
2.5
3.5
5.6
5.9
3.0
3.4
3.6

4.2
6.8
1.6
1.8
3.5
5.0
3.6
3.6

x
x
X

X
X

X
X

X
X

X
X
X

X
X
X

X
X
X

X

X

X
X

X
X

X
X

10-"
,0-to
,0-m

10-"
10-"
io-9

io-9

10-"
10-"

io-'°
,0-io
,0-io

10-"
10-"
10-"
10-"
io-"
10-"

10-"
10-"
io-9

io-9

10-"
10-"
10-"
10-"

0.010

0.010

0.010

0.010

0.100
0.010

0.100
0.010

0.100
0.010

0.100

0.100

0.100

0.100

1.5 x

6.3 x

2.0 x

1.8 x

2.0 x
2.0 x

6.1 x
6.1 x

3.8 x
3.7 x

9.3 x

1.8 x

6.9 x

3.0 x

io-'°

10-"

io-9

10-"

10-io
,0-10

10-"
10-"

10-"
10-"

10 "

io-9

10-"

10-"
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Nuclide

Mn-54

Mn-56

Iron
Fe-52

Fe-55

Fe-59

Fe-60

Cobalt
Co-55

Co-56

Co-57

Co-58

Co-58m

Physical
half-life

312 d

2.58 h

8.28 h

2.70 a

44.5 d

1.00 x 105 a

17.5 h

78.7 d

271 d

70.8 d

9.15 h

Type

F
M
F
M

F
M
F
M
F
M
F
M

M
S
M
S
M
S
M
S
M
S

f,

0.100
0.100
0.100
0.100

0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100

0.100
0.050
0.100
0.050
0.100
0.050
0.100
0.050
0.100
0.050

Inhalation

e(g),,m

8.7 x 10-'°
1.5 x 1C'9

6.9 x 10-"
1.3 x 10-'°

4.1 x 10-'°
6.3 x 10-'°
7.7 x ID'10

3.7 x lO'10

2.2 x 10'9
3.5 x 10-9

2.8 x 10-7

1.3 x 10-7

5.1 x 10-'°
5.5 x 10-'°
4.6 x 10-9

6.3 x 1C'9

5.2 x 10-'°
9.4 x 10-'°
1.5 x 10-9

2.0 x lO'9

1.3 x 1Q-"
1.6 x 10-' '

Ingestion

e(g)5,m

1.1 x lO'9
1.2 x 10-9

1.2 x 10'10

2.0 x 10-'°

6.9 x lO'10

9.5 x 10'10

9.2 x lO'10

3.3 x lO'10

3.0 x 10-9

3.2 x 10-9

3.3 x ID'7
1.2 x lO'7

7.8 x ID'10

8.3 x 10'10

4.0 x IO'9
4.9 x ID'9

3.9 x 1Q-10

6.0 x 10-'°
1.4 x 10'9

1.7 x 10'9

1.5 x 10'"
1.7 x 10-"

f.

0.100

0.100

0.100

0.100

0.100

0.100

0.100
0.050
0.100
0.050
0.100
0.050
0.100
0.050
0.100
0.050

e(g)

7.1 x ID'10

2.5 x 10-'°

1.4 x 10'9

3.3 x ID'10

1.8 x 1C'9

1.1 x 10"7

1.0 x 10-9

1.1 x ID'9

2.5 x 1Q-9

2.3 x ID'9

2.1 x 10'10

1.9 x 10-'°
7.4 x lO'10

7.0 x lO'10

2.4 x 10-"
2.4 x 10-"



3

Co-60

Co-60m

Co-61

Co-62m

Nickel
Ni-56

Ni-57

Ni-59

Ni-63

Ni-65

Ni-66

Copper
Cu-60

Cu-61

5.27 a

0.174 h

1.65 h

0.232 h

6.10 d

1.50 d

7.50 x 104 a

96.0 a

2.52 h

2.27 d

0.387 h

3.41 h

M
S
M
S
M
S
M
S

F
M
F
M
F
M
F
M
F
M
F
M

F
M
S
F
M
S

0.100
0.050
0.100
0.050
0.100
0.050
0.100
0.050

0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050

0.500
0.500
0.500
0.500
0.500
0.500

9.6 x ID'9
2.9 x 10-8

1.1 x 1Q-'2
1.3 x 1Q-12

4.8 x 10-"
5.1 x 10-"
2.1 x 10-"
2.2 x 10-"

5.1 x 10'10

8.6 x 10-'°
2.8 x 10-'°
5.1 x lO'10

1.8 x 10'10

1.3 x 10'10

4.4 x ID'10

4.4 x 10'10

4.4 x 1Q-"
8.7 x 1Q-"
4.5 x ID'10

1.6 x 10'9

2.4 x 10-"
3.5 x 10-"
3.6 x 10-"
4.0 x 10-"
7.6 x 10'"
8.0 x 10-"

7.1 x 10'9
1.7 x 10'8

1.2 x 10'12

1.2 x 10'12

7.1 x 10-"
7.5 x 10-"
3.6 x 10'"
3.7 x 10-"

7.9 x 10'10

9.6 x lO'10

5.0 x 10-'°
7.6 x 10'10

2.2 x 10'10

9.4 x 10-"
5.2 x 10-'°
3.1 x 10-'°
7.5 x 10'"
1.3 x 10'10

7.6 x 10'10

1.9 x lO'9

4.4 x 10'"
6.0 x 10-"
6.2 x 10'"
7.3 x 10'"
1.2 x 10'10

1.2 x 10-'°

0.100
0.050
0.100
0.050
0.100
0.050
0.100
0.050

0.050

0.050

0.050

0.050

0.050

0.050

0.500

0.500

3.4 x lO'9
2.5 x 10-9

1.7 x lO'12

1.7 x 10-'2

7.4 x 10-"
7.4 x 10-"
4.7 x 1Q-"
4.7 x 10-"

8.6 x 10-'°

8.7 x 10-'°

6.3 x 10-"

1.5 x ID'10

1.8 x 10-'°

3.0 x 10-9

7.0 x 10-"

1.2 x 10-'°
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Nuclide

Cu-64

Cu-67

Zinc
Zn-62
Zn-63
Zn-65
Zn-69
Zn-69m
Zn-71m
Zn-72

Gallium
Ga-65

Ga-66

Ga-67

Ga-68

Physical
half-life

12.7

2.58

9.26
0.635

244
0.950

13.8
3.92
1.94

0.253

9.40

3.26

1.13

h

d

h
h
d
h
h
h
d

h

h

d

h

Type

F
M
S
F
M
S

S
S
S
S
S
S
S

F
M
F
M
F
M
F
M

f|

0.500
0.500
0.500
0.500
0.500
0.500

0.500
0.500
0.500
0.500
0.500
0.500
0.500

0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001

Inhalation

e(g)

3.8 x
1.1 x
1.2 x
1.1 x
5.2 x
5.8 x

4.7 x
3.8 x
2.9 x
2.8 x
2.6 x
1.6 x
1.2 x

1.2 x
1.8 x
2.7 x
4.6 x
6.8 x
2.3 x
2.8 x
5.1 x

Ingestion

1 pm

10-"
io-'°
io-'°
io-'°
,0-io
io-'°

,0-io

10-"
io-9

10-"
10-io
10-io

io-9

10-"
10-"
io-'°
,0-io

io-"
10-io

10-"
10-"

e(g;

6.8 x
1.5 x
1.5 x
1.8 x
5.3 x
5.8 x

6.6 x
6.1 x
2.8 x
4.3 x
3.3 x
2.4 x
1.5 x

2.0 x
2.9 x
4.7 x
7.1 X
1.1 x
2.8 x
4.9 x
8.1 x

>5,m

10-"
,0-m
,0-io
,0-to
)0-io
,0-io

,0-io

10-"
io-9

10-"
10-io
10-i(.

io-9

10-"
io-"
m-io
,0-io
lo-io
10-io

io-"
10-"

f,

0.500

0.500

0.500
0.500
0.500
0.500
0.500
0.500
0.500

0.001

0.001

0.001

0.001

e(g)

1.2 x 10-'°

3.4 x 10-'°

9.4 x lO'10

7.9 x IO-"
3.9 x 1Q-9

3.1 x 1Q-"
3.3 x 10-'°
2.4 x lO'10

1.4 x IO-9

3.7 x 10-"

1.2 x ID"9

1.9 x 10'10

1.0 x 10-'°
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Ga-70

Ga-72

Ga-73

Germanium
Ge-66

Ge-67

Ge-68

Ge-69

Ge-71

Ge-75

Gc-77

Ge-78

Arsenic
As-69
As-70
As-71
As-72

0.353

14.1

4.91

2.27

0.312

288

1.63

11.8

1.38

11.3

1.45

0.253
0.876

2.70
1.08

h

h

h

h

h

d

d

d

h

h

h

h
h
d
d

F
M
F
M
F
M

F
M
F
M
F
M
F
M
F
M
F
M
F
M
F
M

M
M
M
M

0.001
0.001
0.001
0.001
0.001
0.001

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

0.500
0.500
0.500
0.500

9.3 x
1.6 x
3.1 x
5.5 x
5.8 x
1.5 x

5.7 x
9.2 x
1.6 x
2.6 x
5.4 x
1.3 x
1.4 x
2.9 x
5.0 x
1.0 x
1.6 x
3.7 x
1.5 x
3.6 x
4.8 x
9.7 x

2.2 x
7.2 x
4.0 x
9.2 x

io-1 2

10-"
,0-io
,0-io

10-"
,0-io

10-"
10-"
10-"
10-"
10-io
io-8

,0-10
,0-io

io-12

10-"
io-"
10-"
10 '"
10-io

10-"
10-"

10-"
10-"
,0-io
,0-io

1.6 x
2.6 x
5.6 x
8.4 x
1.0 x
2.0 x

9.9 x
1.3 x
2.8 x
4.2 x
8.3 x
7.9 x
2.5 x
3.7 x
7.8 x
1.1 x
2.7 x
5.4 x
2.5 x
4.5 x
8.1 x
1.4 x

3.5 x
1.2 x
5.0 x
1.3 x

10-"
10-"
io-10

io-'°
,0-10
10-io

10-"
10-io

10-"
10-"
,0-io
io-9

j0-io
,0-10

io-12

10-"
io-"
10-"
,0 ..o
j O - i o

10-"
10-io

10-"
,0-io
jO-.o

io-9

0.001

0.001

0.001

1.000

1.000

1.000

1. 000

1.000

1.000

1.000

1.000

0.500
0.500
0.500
0.500

3.1 x 10-"

1.1 x IO-9

2.6 x 10-'°

1.0 x 10-'°

6.5 x 10-"

1.3 x ID'9

2.4 x 10-'°

1.2 x 10-"

4.6 x 10'"

3.3 x 10'10

1.2 x 10-'°

5.7 x 10'"
1.3 x ID'10

4.6 x 10-'°
1.8 x 1C'9
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Nuclide

As-73
As-74
As-76
As-77
As-78

Selenium
Se-70

Se-73

Se-73m

Se-75

Se-79

Se-81

Se-81m

Se-83

Physical
half-life

80.3
17.8
1.10
1.62
1.51

0.683

7.15

0.650

120

6.50 x IO4

0.308

0.954

0.375

d
d
d
d
h

h

h

h

d

a

h

h

h

Type

M
M
M
M
M

F
M
F
M

F
M

F
M
F
M

F
M

F
M

F
M

f,

0.500
0.500
0.500
0.500
0.500

0.800
0.800
0.800
0.800
0.800
0.800
0.800
0.800
0.800
0.800
0.800
0.800
0.800
0.800

0.800
0.800

Inhalation

e(g)

9.3 x
2.1 x
7.4 x
3.8 x
9.2 x

4.5 x
7.3 x
8.6 x
1.6 x
9.9 x
1.8 x

1.0 x
1.4 x
1.2 x
2.9 x
8.6 x
1.5 x
1.7 x
4.7 x

1.9 x
3.3 x

IjUUJ UJU-

Ingestion

Um

,0- io

io-9

,0-io
,0-io

10-"

10-"
10-"
10-"
,0-io

io-12

10-"
io-9

io-9

io-9

io-9

io-1 2

10-"
10-"
10-"
10-"
10-"

e(g]

6.5 x
1.8 x
9.2 x
4.2 x
1.4 X

8.2 X
1.2 x
1.5 X
2.4 x
1.7 x
2.7 x
1.4 x
1.7 x

1.6 x
3.1 x
1.4 x
2.4 x
3.0 x
6.8 x
3.4 x
5.3 x

>5,m

,0-io

io-9

,0- io
,0-io
,0-io

10-"
10-io
,0-io

10-"
10-"
io-9

io-9

io-9

io-9

10-"
10-"
10-"
10-"
10-"
10-"

f«

0.500
0.500
0.500
0.500
0.500

0.800
0.050
0.800
0.050
0.800
0.050
0.800
0.050
0.800
0.050

0.800
0.050

0.800
0.050

0.800
0.050

e(g)

2.6 x lO"10

1.3 x IO-9

1.6 x 10'9

4.0 x 10-'°
2.1 x 10-'°

1.2 x 10-'°
1.4 x 10-'°
2.1 x ID'10

3.9 x ID"10

2.8 x 10-"
4.1 x 1Q-"
2.6 x IQ-9

4.1 x 10'10

2.9 x IO-9

3.9 x 10'10

2.7 x 10'"
2.7 x 10-"
5.3 x 10'"
5.9 x 10'"
4.7 x 10'"
5.1 x 10'"
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Bromine
Br-74

Br-74m

Br-75

Br-76

Br-77

Br-80

Br-80m

Br-82

Br-83

Br-84

Rubidium
Rb-79
Rb-81
Rb-81m
Rb-82m
Rb-83
Rb-84

0.422

0.691

1.63

16.2

2.33

0.290

4.42

1.47

2.39

0.530

0.382
4.58

0.533
6.20
86.2
32.8

h

h

h

h

d

h

h

d

h

h

h
h
h
h
d
d

F
M
F
M
F
M
F
M
F
M
F
M
F
M
F
M
F
M
F
M

F
F
F
F
F
F

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000

2.8 x 10-"
4.1 x 10-"
4.2 x 10-"
6.5 x 10-"
3.1 x 10-"
5.5 x 10-"
2.6 x 10-'°
4.2 x ID'10

6.7 x IO-"
8.7 x IQ-"
6.3 x 10-'2

1.0 x 1Q-"
3.5 x 10'"
7.6 x 10-"
3.7 x 10-'°
6.4 x 10-'°
1.7 x 10-"
4.8 x IO-"
2.3 x 10-"
3.9 x 10-"

1.7 x 10-"
3.7 x 10-"
7.3 x IO- 1 2

1.2 x 10-'°
7.1 x 10-'°
1.1 x ID'9

5.0 x
6.8 x
7.5 x
1.1 x
5.6 x
8.5 x
4.5 x
5.8 x
1.2 x
1.3 x
1.1 x
1.7 x
5.8 x
1.0 x
6.4 x
8.8 x
2.9 x
6.7 x
4.0 x
6.2 x

3.0 x
6.8 x
1.3 x
2.2 x
1.0 x
1.5 x

10-"
10-"
10-"
,0.io

io-"
10-"
,0-io
,0-io
,0-m
10-io

10-"
10-"
10-"
,0-io

|0-.o
,0-m

10-"
10-"
10-"
10-"

10-"
10-"
io-1 1

m-io

io-9

io-9

1. 000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000
1.000
1.000
1.000
1.000
1.000

8.4 x

1.4 x

7.9 x

4.6 x

9.6 x

3.1 x

1.1 x

5.4 X

4.3 X

8.8 x

5.0 x
5.4 x
9.7 x
1.3 x
1.9 x
2.8 x

10-"

,0-io

10-"

10-io

10-"

10-"

io-'°

io-'°

10-"

10-"

10-"
10-"
io-12

,0-io

io-9

io-9



1—1 ——————————

Nuclide

Rb-86
Rb-87
Rb-88
Rb-89

Strontium
Sr-80

_ Sr-81

g Sr-82

•3
Sr-83

Sr-85

Sr-85m

Sr-87m

Sr-89

Sr-90

Physical
half-life

18.6
4.70 x IO10

0.297
0.253

1.67

0.425

25.0

1.35

64.8

1.16

2.80

50.5

29.1

d
a
h
h

h

h

d

d

d

h

h

d

a

Type

F
F
F
F

F
S
F
S
F
S
F
S
F
S
F
S
F
S
F
S
F
S

f,

1.000
1.000
1.000
1.000

0.300
0.010
0.300
0.010
0.300
0.010
0.300
0.010
0.300
0.010
0.300
0.010
0.300
0.010
0.300
0.010
0.300
0.010

Inhalation

e(g)

9.6 x
5.1 x
1.7 x
1.4 x

7.6 x
1.4 x
2.2 x
3.8 x
2.2 x
1.0 x
1.7 x
3.4 x
3.9 x
7.7 x
3.1 x
4.5 x
1.2 x
2.2 x
1.0 x
7.5 x
2.4 x
1.5 x

Ingestion

Urn

io-'°
,0-10

10-"
10-"

10-"
io-'°
10-"
10-"
io-9

10-io

io-12

io-1 2

10-"
10-"
io-9

io-9

10'8
io-7

e(g]

1.3 x
7.6 x
2.8 x
2.5 x

1.3 x
2.1 x
3.9 x
6.1 x
3.3 x
7.7 X
3.0 x
4.9 x
5.6 x
6.4 x
5.6 x
7.4 x
2.2 x
3.5 x
1.4 X
5.6 x
3.0 x
7.7 x

'5 jim

io-9

io-'°
10-"
10-"

io-10

io-10

10-"
10-"
io-9

io-9

,0-io

io-12

io-1 2

io-"
10-"
io-9

io-9

10'8
lO'8

f!

1.000
1.000
1.000
1.000

0.300
0.010
0.300
0.010
0.300
0.010
0.300
0.010
0.300
0.010
0.300
0.010
0.300
0.010
0.300
0.010
0.300
0.010

e(g)

2.8 x
1.5 x
9.0 x
4.7 x

3.4 x
3.5 x
7.7 x
7.8 x
6.1 x
6.0 x
4.9 x
5.8 x
5.6 x
3.3 x
6.1 x
6.1 x
3.0 x
3.3 x
2.6 x
2.3 x
2.8 x
2.7 x

io-9

io-9

10-"
10-"

10-io
10-io

10-"
10'"
io-9

io-9

,0-io
io-'°
,0-10
io-'°
io-12

io-12

10-"
10-"

io-9

io-8

io-9
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Sr-91

Sr-92

Yttrium
Y-86

Y-86m

Y-87

Y-88

Y-90

Y-90m

Y-91

Y-91m

Y-92

Y-93

Y-94

Y-95

9.50 h

2.71 h

14.7 h

0.800 h

3.35 d

107 d

2.67 d

3.19 h

58.5 d

0.828 h

3.54 h

10.1 h

0.318 h

0.178 h

F
S
F
S

M
S
M
S
M
S
M
S
M
S
M
S
M
S
M
S
M
S
M
S
M
S
M
S

0.300
0.010
0.300
0.010

1.0 x
1.0 x
1.0 x
1.0 x
1.0 x
1.0 x
1.0 x
1.0 x
1.0 x
1.0 x
1.0 x
1.0 x
1.0 x
1.0 x
1.0 x
1.0 x
1.0 x
1.0 x
1.0 x
1.0 x
1.0 x
1.0 x
1.0 x
1.0 x

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

1.7 x 10'10

4.1 x lO'10

1.1 x 10'10

2.3 x 10'10

4.8 x lO'10

4.9 x 10'10

2.9 x 10-"
3.0 x 10-"
3.8 x 10'10

4.0 x 10'10

3.9 x ID'9
4.1 x 10'9

1.4 x 10'9
1.5 x IO-9

9.6 x 10-"
1.0 x 10-'°
6.7 x 1C'9
8.4 x IO-9

1.0 x 10-"
1.1 x 10'"
1.9 x JO'10

2.0 x 10-'°
4.1 x 10'10

4.3 x 10-'°
2.8 x 10-"
2.9 x 10-"
1.6 x IO-"
1.7 x 10'"

2.9 x 10 10

5.7 x 10-'°
1.8 x 10-'°
3.4 x 10-J°

8.0 x 10-'°
8.1 x 10-'°
4.8 x 10-"
4.9 x 10-"
5.2 x 10-'°
5.3 x lO'10

3.3 x IO-9

3.0 x IO-9

1.6 x ID'9
1.7 x ID"9

1.3 x lO'10

1.3 x lO"10

5.2 x 1C'9
6.1 x IO-9

1.4 x 10-"
1.5 x 10-"
2.7 x JO'10

2.8 x 10-'°
5.7 x 10'10

6.0 x 10'10

4.4 x 10-"
4.6 x 10'"
2.5 x 10-"
2.6 x 10'"

0.300
0.010
0.300
0.010

1.0 x

1.0 x

1.0 x

1.0 X

1.0 x

1.0 x

1.0 x

1.0 x

1.0 x

1.0 x

1.0 x

1.0 x

io-4

io-4

io-4

10 "*

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

6.5 x
7.6 x
4.3 x
4.9 x

9.6 x

5.6 x

5.5 x

1.3 x

2.7 x

1.7 x

2.4 x

1.1 x

4.9 x

1.2 x

8.1 x

4.6 x

,0-io

10-io

10-"
10-io

io-9

io-9

,0-io

io-9

10-"
,0-10

io-9.

10-"

10-"



Nuclide

Zirconium
Zr-86

Zr-88

Zr-89

Zr-93

Zr-95

Zr-97

Niobium
Nb-88

Nb-89

Phvsical
half- l i fe Type

16.5 h F
M
S

83.4 d F
M
S

3.27 d F
M
S

1.53 x IO6 a F
M
S

64.0 d F
M
S

16.9 h F
M
S

0.238 h M
S

2.03 h M
S

Inhalation
fi c(g),, im e(g)s/i in

0.002
0.002
0.002

0.002
0.002
0.002

0.002
0.002
0.002

0.002
0.002
0.002

0.002
0.002
0.002

0.002
0.002
0.002

0.010
0.010
0.010
0.010

3.
4
4.

3.
2,

.0

.3

.5

.5
,5

3.3

3.
5.
5,

2.
9.
3.
2,
4.
5,

4.
9
1.

2.
3.
1 .
1.

.1

.3

.5

.5

.6

.1

,5
.5
,5

.2
4
0

.9

.0

.2

.3

x
x
X

X
X

X

X

X
X

X
X
X

X
X
X

X

X
X

X

X

X
X

,0-m
,0- io
,0 io

io-9

io-9

io-9

,0- io
,0-m
,0-m

io-8

io-9

io-9

io-9

io-9

io-9

,0-io
,0 .10
i o - 9

10-"
10-"
,0 .10
, 0 - i o

5.
6
7.

4.
1
1.

5
7.
7.

2,
6
1.

3
3
4.

7
1
1

4
5
1
1

.2

.8

.0

. 1

.7
,8

.2

.2

.5

,9
6
.7

.0

.6

.2

.4

.3

.4

.8

.0

.8

.9

x
x
X

X
X

X

X
X
X

X
X

X

X

X
X

X

X
X

X

X

X

X

,0-10
,0-m
,0- io

io-9

io-9

io-9

,0-m
,0-m
,0-m

io-8

io-9

io-9

io-9

io-9

io-9

,0-m
io- 9

io-9

10-"
10-"
, 0 - io
, 0 - i o

Ingcstion

f, e(g)

0.002 8.6 x 10 I0

0.002 3.3 x 10- 10

0.002 7.9 x 10-'°

0.002 2.8 X 10-'°

0.002 8.8 x 10-'°

0.002 2.1 x IO- 9

0.010 6.3 x 10 "

0.010 3.0 x 10-'°



It

Nb-89

Nb-90

Nb-93m

Nb-94

Nb-95

Nb-95m

Nb-96

Nb-97

Nb-98

Molybdenum
Mo-90

Mo-93

Mo-93m

Mo-99

Mo-101

1.10 h

14.6 h

13.6 a

2.03 x 10" a

35.1 d

3.61 d

23.3 h

1.20 h

0.858 h

5.67 h

3.50 x IO3 a

6.85 h

2.75 d

0.244 h

M
S
M
S
M
S
M
S
M
S
M
S
M
S
M
S
M
S

F
S
F
S
F
S
F
S
F
S

0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010

0.800
0.050
0.800
0.050
0.800
0.050
0.800
0.050
0.800
0.050

7.1 x 10-"
7.4 x 10'"
6.6 x 10 "'
6.9 x IQ-10

4.6 x 10-'°
1.6 x 10 9

1.0 x |Q-8

4.5 X ID'8

1.4 x IO-9

1.6 x JO'9

7.6 x 10 '°
8.5 x 10-'"
6.5 x 10-'°
6.8 x 10-'°
4.4 x 10-"
4.7 x 1Q-"
5.9 x 1Q-"
6.1 x 1Q-"

1.7 x lO'10

3.7 x 10-'°
1.0 x ID'9
2.2 x JO'9

1.0 x 10-'°
1.8 x ID'1 0

2.3 x 10 in

9.7 x 10 In

1.5 x 1Q-"
2.7 x 10"

I.I x 10 I 0

1.2 x lO ' 1 0

1.0 x 10 9

I.I x 10'9

2.9 x 10-'°
8.6 x 10-'°
7.2 x IO-9

2.5 x JO'8

1.3 x IO-9

1.3 x IQ-9

7.7 x 10 '"
8.5 x |0-'°
9.7 x IO-10

1.0 x lO'9

6.9 x 1Q-"
7.2 x 1Q-"
9.6 x 10-"
9.9 x 1Q-"

2.9 x 10-'°
5.6 x lO"1 0

1.4 x 1Q-9

1.2 x IO-9

1.9 x 10-'°
3.0 x lO"10

3.6 x 10 I0

1.1 x JO'9

2.7 x 10'"
4.5 x 10 "

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.010

0.800
0.050
0.800
0.050
0.800
0.050
0.800
0.050
0.800
0.050

1.4 x lO'10

1.2 x IO-9

1.2 x 10-'°

1.7 x IO-9

5.8 x 10-'°

5.6 x 10-'°

1.1 x 1C'9

6.8 x 10-"

1.1 x 10-'°

3.1 x IO-10

6.2 x 10-'°
2.6 x 10'9
2.0 10-10
1.6 x 10'10

2.8 x 10'10

7.4 x 10-'°
1.2 x IO-9

4.2 x 10'"
4.2 x 10-"



ooo

3o

Nuclide

Technetium
Tc-93

Tc-93m

Tc-94

Tc-94m

Tc-95

Tc-95m

Tc-96

Tc-96m

Tc-97

Tc-97m

Tc-98

Physical
half-life

2.75 h

0.725 h

4.88 h

0.867 h

20.0 h

61.0d

4.28 d

0.858 h

2.60 x 106a

87.0 d

4.20 x 106 a

Type

F
M

F
M

F
M

F
M

F
M

F
M

F
M

F
M

F
M

F
M

F
M

f>

0.800
0.800
0.800
0.800
0.800
0.800
0.800
0.800
0.800
0.800
0.800
0.800
0.800
0.800
0.800
0.800
0.800
0.800
0.800
0.800
0.800
0.800

Inhalation

e(g)

3.4 x
3.6 x
1.5 x
1.7 x
1.2 x
1.3 x

4.3 x
4.9 x
1.0 x
1.0 x
3.1 x
8.7 x

6.0 x
7.1 x
6.5 x
7.7 x

4.5 x
2.1 x

2.8 x
3.1 x

1.0 x
8.1 x

(»te) lam- V^1 Jj
Ingestion

I p m

io-"
10-"
10-"
10-"
,0-io
,0-,o

10-"
10-"
,0-10
I 0- io
, 0- io
,0-io
,0-io
,0-io

io-1 2

io-1 2

10-"
,0-m

10 '"
io- 9

io-9

10 9

c(g:

6.2 x
6.5 x
2.6 x
3.1 x

2.1 x
2.2 x

6.9 x
8.0 x
1.8 x
1.8 x
4.8 x
8.6 x

9.8 x
1.0 x

1. 1 x
I . I x
7.2 x
1.6 x

4.0 x
2.7 x

1.5 x
6.1 x

>5Mm

10-"
io-"
10-"
10 "
,0-i(.
,0-io

IQ-"
10-"
, 0 - io
10-io
,0-io
10-io
,0-io
io-9

10-"
10-"
10-"
,0-m

10 I0

io-9

to- 9

I O 9

f,

0.800

0.800

0.800

0.800

0.800

0.800

0.800

0.800

0.800

0.800

0.800

e(g)

4.9 x

2.4 x

1.8 x

1.1 x

1.6 x

6.2 x

1.1 x

1.3 x

8.3 x

6.6 x

2.3 x

10-"

10-"

10-io

,0-io

,0-io

10-to

io-9

10-"

io-"

,0-io

io-9



3

4•>i

M̂«x

o\

Tc-99 2.13 x 105a

Tc-99m 6.02 h

Tc-101 0.237 h

Tc-104 0.303 h

Ruthenium
Ru-94 0.863 h

Ru-97 2.90 d

Ru-103 39.3 d

Ru-105 4.44 h

Ru-106 1.01 a

Rhodium
Rh-99 16.0 d

F
M

F
M

F
M

F
M

F
M
S

F
M
S
F
M
S
F
M
S
F
M
S

F
M
S

0.800
0.800
0.800
0.800
0.800
0.800
0.800
0.800

0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050

0.050
0.050
0.050

2.9 x 10 • ' "
3.9 x IO-9

1.2 x 10 "
1.9 x 1Q-"
8.7 x |Q-|:

1.3 x 10-"
2.4 x 10 '"
3.0 x 10-"

2.7 x 10 "
4.4 x 10 "
4.6 x 10-"

6.7 X 10-"
i.l X 10-'°
1.1 x lO'10

4.9 x ID'10

2.3 x IO-9

2.8 x IO-9

7.1 x 10-"
1.7 x 10-'°
1.8 x 10-'°
8.0 x 10 9

2.6 x ID'8
6.2 x 10-"

3.3 x IO'10

7.3 x 10-'°
8.3 x 10-'°

4.0 x 10 I0

3.2 x 10'9

2.0 x 10 "
2.9 x 10'"

1.5 x 10'"
2.1 x 1Q-"

3.9 x 10 "
4.8 x 10 "

4.9 x 10 "
7.2 X 10 "
7.4 x 10'"

1.2 x ID'1 0

1.6 x 10-'°
1.6 x 10-'°
6.8 x ID'10

1.9 x lO'9
2.2 x 10'9

1.3 x lO'10

2.4 x 10-'°
2.5 x 10-'°

9.8 x ID'9
1.7 x 10'R
3.5 x IQ-*

4.9 x 10-'°
8.2 x 10'10

8.9 x 10-'°

0.800 7.8 x 10-'°

0.800 2.2 x 10-"

0.800 1.9 x 10-"

0.800 8.1 x 10-"

0.050 9.4 x 10- "

0.050 1.5 x 10-'°

0.050 7.3 x ID"10

0.050 2.6 x 10-'°

0.050 7.0 x 1Q-9

0.050 5.1 x 10-'°



PhysicalNuchde , ., ..,half-life

Rh-99m 4.70 h

Rh-100 20.8 h

Rh-101 3.20 a

_

* Rh-lOlm 4.34 d
3
•3

Rh-102 2.90 a
.

Rh-102m 207 d

Rh-103m 0.935 h

Rh-105 1.47d

Type

F
M
S

F
M
S
F
M
S
F
M
S
F
M
S

F
M
S

F
M
S

F
M
S

f-

0.050
0.050
0.050

0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050

0.050
0.050
0.050

0.050
0.050
0.050

0.050
0.050
0.050

0.050
0.050
0.050

Inhalation

e(g),,m

3.0 x 10-"
4.1 X 10-"
4.3 x 10-"
2.8 x 10-'°
3.6 x ID'1 0

3.7 x 10-'°
1.4 x 10-9

2.2 x 10'9
5.0 x 10-9

1.0 x 10-'°
2.0 x 10-'°
2.1 x 10-10

7.3 x ID'9
6.5 x lO-9

1.6 x 1Q-8

1.5 x lO"9

3.8 x 1Q-9

6.7 x 10-9

8.6 x 10-'3
2.3 x 10-'2
2.5 x 10-'2

8.7 x 10-"
' 3 . 1 x 10'10

3.4 x 10-'°

e(g)5,m

5.7 x 10-"
7.2 x 10-"
7.3 x 10-"
5.1 x 10-'°
6.2 x lO'10

6.3 x 10-'°
1.7 x 1Q-9

1.7 x JO'9
3.1 x 10-9

1.7 x 10-'°
2.5 x 10-'°
2.7 x ID'10

8.9 x lO'9
5.0 x lO'9
9.0 x 10-9

1.9 x 10-9

2.7 x 10-9

4.2 x ID'9

1.2 x 10-12

2.4 x 10-'2
2.5 x 10-'2

1.5 x 10'10

4.1 x lO'1 0

4.4 x 10'10

Ingestion

fi e(g)

0.050 6.6 x 10-"

0.050 7.1 x lO'10

0.050 5.5 x 10-'°

0.050 2.2 x 10-'°

0.050 2.6 x lO'9

0.050 1.2 x ID'9

0.050 3.8 x 10'12

0.050 3.7 x 10-'°



3
'̂

I
*

•̂*

i-H
f-H
_rf

Rh-106m 2.20 h

Rh-107 0.362 h

Palladium
Pd-100 3.63 d

Pd-101 8.27 h

Pd-103 17.0 d

Pd-107 6.50 x 106 a

Pd-109 13.4 h

Silver
Ag-102 0.215 h

Ag-103 1.09h

F
M
S
F
M
S

F
M
S
F
M
S
F
M
S
F
M
S
F
M
S

F
M
S
F
M
S

0.050
0.050
0.050
0.050
0.050
0.050

0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005

0.050
0.050
0.050
0.050
0.050
0.050

7.0 x 10-"
1.1 x 10-'°
1.2 x 10-'°
9.6 x lO'12

1.7 x 10-"
1.7 x 10-"

4.9 x 10-'°
7.9 x lO"10

8.3 x 10-'°
4.2 x 10-"
6.2 x 10-"
6.4 x 10-"
9.0 x 10'"
3.5 x 10-'°
4.0 x 10'10

2.6 x 10-"
8.0 x 10-"
5.5 x 10-'°
1.2 x 10-'°
3.4 x 10-'°
3.6 x 10-'°

1.4 x 10-"
1.8 x 10-"
1.9 x 10-"
1.6 x 10-"
2.7 x 10-"
2.8 x 10-"

1.3 x ID'10

1.8 x 10-'°
1.9 x 10-'°
1.6 x 10-"
2.7 x 10-"
2.8 x 10-"

7.6 x 10-'°
9.5 x 10-'°
9.7 x 10-'°
7.5 x 10-"
9.8 x 1Q-"
1.0 x lO'10

1.2 x ID'10

3.0 x 10'10

2.9 x ID'10

3.3 x 10-"
5.2 x 1Q-"
2.9 x 10-'°
2.1 x 10-'°
4.7 x 10-'°
5.0 x 10-'°

2.4 x 10'"
3.2 x 1Q-"
3.2 x 1Q-"
2.8 x 10'"
4.3 x 10-"
4.5 x 10-"

0.050 1.6 x 10'10

0.050 2.4 X 10""

0.005 9.4 X ID'10

0.005 9.4 X 10-"

0.005 1.9 x lO"10

0.005 3.7 x 10-"

0.005 5.5 x 10-'°

0.050 4.0 x 1Q-"

0.050 4.3 x 10'"



Nuclide

Ag-104

Ag-104m

Ag-105

Ag-106

Ag-106m

Ag-108m

Ag-llOm

Ag-111

Physical
half-life Type

1 . 1 5 H F
M
S

0.558 h F
M
S

41. Od F
M
S

0.399 h F
M
S

8.41 d F
M
S

1.27 x IO2 a F
M
S

250 d F
M
S

7.45 d F
M
S

Inhalation

f,

0.050
0.050
0.050

0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050

0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050

e(g)

3.
3,
4.

1.

.0
,9
.0

.7
2.6
2.

5.
6.
7.

9.
1.
1.

1.
1.
1.

6.
7.
3.
5.
7.
1.

4
1
1

,7

,4
,9
8

8
6
,6

1
1
1

.1
,0
.5

5
.2
,2

.1
5
7

x
X
X

X
X
X

X
X
X

X
X
X

X
X
X

X
X
X

X
X
X

X
X

X

I M H ,

10-"
10-"
10-"
10-"
10-"
10-"
io-'°
J Q - I O

,0-io

io-12

10-"
10-"
io-9

io-9

io-9

io-9

io-9

io-8

io-9

io-9

10'"
,0-10
io-9

io-9

5.
6
7

3.
4,
4.

e

.7

.9

. 1

.1

.4

.5

8.0
7.
7

.0

.3

1.7
2,
2.

1 .
1.
1.

7
5
1

6
5
7

5
1
1

.6

.7

.6

.5

.4

.3

.2

.9

.7

.9

.3

.7

.5

.6

'(e1
•\k'

X
X
X

X

X

X

X
X
X

X
X
X

X
X
X

X
X
X

X
X
X

X
X
X

5 fini

,0 i i
10-"
10-"
10-"
10-"
10-"
io-'°
JO'10

,0-to

10-"
10-"
10-"
io-9

io-9

io-9

io-9

io-9

io-8

io-9

io-9

io-9

,0-m
io-9

I O 9

Ingestion

fi e(g)

0.050 6.0 x 10-"

0.050 5.4 x 1Q-"

0.050 4.7 X 10'10

0.050 3.2 x 10-"

0.050 1.5 x IO-9

0.050 2.3 x ID'9

0.050 2.8 x 1Q-9

0.050 1.3 x ID'9



3

it.1

Ag-112 3 . 1 2 h

Ag-115 0.333 h

Cadmium
Cd-104 0.961 h

Cd-107 6.49 h

Cd-109 1.27 a

Cd-113 9.30 x IO1 5 a

Cd-113m 13. 6 a

Cd-115 2.23d

Cd-115m 44.6 d

F
M
S
F
M
S

F
M
S

F
M
S

F
M
S

F
M
S
F
M
S

F
M
S
F
M
S

0.050
0.050
0.050
0.050
0.050
0.050

0.050
0.050
0.050

0.050
0.050
0.050

0.050
0.050
0.050

0.050
0.050
0.050
0.050
0.050
0.050

0.050
0.050
0.050

0.050
0.050
0.050

8
1
1

1
2
3.

2
3.
3.
2
8,
8.

8.
6.
5,

1.

.2

.7

.8

.6

.8
0

.7
6
.7

.3
, 1
7

1
2

,8

,2
5.3
2.

1 .

5

.1
5.0
3.

3,
9
1,

5.
5
7

.0

.7

.7

.1

.3

.9

.3

x
x
X

X

X
X

X

X

X

X

X

X

X
X
X

X
X
X

X

X

X

X
X
X

X
X
X

10-"
,0-10
,0- io

10-"
10-"
10-"

10 "
10 "
10 "
10-"
10-"
10-"
io-9

io-9

io-9

io-7

io-8

io-8

io-7

io-8

io-8

10-io
,0-io
io-9

io-9

io-9

io-9

1.4
2.5
2.6

2.6
4.3
4.4

5.0
6.2
6.3

4.2
1.0
1 . 1

9.6
5.1
4.4

1.4
4.3
2.1

1.3
4.0
2.4

5.4
1.2
1.3

6.4
5.5
5.5

x
x
X

X

X
X

X

X

X

X

X
X

X

X

X

X
X
X

X

X
X

X
X
X

X

X

X

10
10
10
10
10
10

10
10
10
10
10
10
10
10
10

10

-10
-10

-10

- I I
- I I
- I I

I I
1 1

I I

- I I
-10
-10

-9
-9

-9

-7

0.050 4.3 x 10-'°

0.050 6.0 x 10-"

0.050 5.8 x 10-"

0.050 6.2 x 10-"

0.050 2.0 x 1Q-9

0.050 2.5 x 10-*
10'8
10
10
10
10
10
10
10
10
10
10

-8

-7

-8
-8

-10
-9
-9

-9
-9
-9

0.050 2.3 x 1Q-8

0.050 1.4 X ID'9

0.050 3.3 x 10'9



JjJy>JI

3

Nuclide

Cd-117

Cd-I17m

Indium
In- 109

In- 110

In- 110

I n - I l l

In-112

In-113m

In-114m

ln-115

In- 11 5m

Physical
half-life

2.49

3.36

4.20

4.90

1.15

2.83

0.240

1.66

49.5

5.10 x I O 1 5

4.49

h

h

h

h

h

d

h

h

d

a

h

Type

F
M
S
F
M
S

F
M
F
M
F
M
F
M
F
M
F
M
F
M
F
M
F
M

f >

0.050
0.050
0.050
0.050
0.050
0.050

0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020

Inhalation

e(g)

7.3 x
1.6 x
1.7 x
1.0 x
2.0 x
2.1 x

3.2 x
4.4 x
1.2 x
1.4 x
3.1 x
5.0 x
1.3 x
2.3 x
5.0 x
7.8 x
1.0 x
2.0 x
9.3 x
5.9 x
3.9 x
1.5 x
2.5 x
6.0 x

Ingestion

I,*

10-"
j Q - I O

, 0 - i o
,0- io
|0-.o
1 0 - io

10-"
10-"
10-io
,0- io

1Q-"
10-"
,0-io
!0-'°
io-12

io-12

10-"
10'"
io-9

10'9

io-7

io-7

10-"
10'"

e(g:

1.3 x
2.4 x
2.5 x
1.9 x
3.1 x
3.2 x

5.7 x
7.3 x
2.2 x
2.5 x
5.5 x
8.1 x
2.2 x
3.1 x
8.6 x
1.3 x
1.9 x
3.2 x
1.1 x
5.9 x
4.5 x
1.1 x
4.5 x
8.7 x

).SMm

1 0 - io
10 •"»
, 0 . i o
,0- io
, 0 - m
1 0 - i o

10-"
10-"
io-10
,0-io

10-"
10-"
,0- io
io-'°
io-1 2

10-"
io-"
10-"
io-8

io-9

io-7

io- 7

10-"
10-"

f,
0.050

0.050

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

e(g)

2.8 x

2.8 x

6.6 x

2.4 x

1.0 x

2.9 X

1.0 x

2.8 x

4.1 x

3.2 x

8.6 x

,0- io

1 0-io

10-"

,0-io

,0- io

,0-io

10-"

10-"

io-9

10'8

10-"



In- 116m

In-117

In- 11 7m

In- 11 9m

Tin
Sn-110

3 Sn-111

A Sn-113
••I
«>
" Sn-117m

1*> Sn-I19m
.i

Sn-121

Sn-121m

Sn-123

Sn-123m

Sn-125w>
t— 4

0.902

0.730

1.94

0.300

4.00

0.588

115

13.6

293

1.13

55.0

129

0.668

9.64

h

h

h

h

h

h

d

d

d

d

a

d

h

d

F
M
F
M
F
M
F
M

F
M
F
M
F
M
F
M
F
M
F
M
F
M
F
M
F
M
F
M

0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020

0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020

3.0 x
4.8 x
1.6 x
3.0 x
3.1 x
7.3 x
1.1 x
1.8 x

I . I x
1.6 x
8.3 x
1.4 x
5.4 x
2.5 x
2.9 x
2.3 x
2.9 x
2.0 x
6.4 x
2.2 x
8.0 x
4.2 x
1.2 x
7.7 x
1.4 x
2.8 x
9.2 x
3.0 x

io- 1 1

10-"
10-"
io-"
10-"
io-"
10-"
10-"

I 0 . io
10 I0

io-1 2

10-"
,0-10
io-9

,0-io
io-9

,0-io
io-9

10-"
io- '°
,0-io
io-9

I O 9

io-9

10-"
10-"
, 0 - io
io-9

5.5 x
8.0 x
2.8 x
4.8 x
5.5 x
1.1 x
1.8 x
2.9 x

1.9 x
2.6 x
1.5 x
2.2 x
7.9 x
1.9 x
3.9 x
2.2 x
3.6 x
1.5 x
1.0 x
2.8 x

• 9.7 x
3.3 x
1.6 x
5.6 x
2.4 x
4.4 x
1.3 x
2.8 x

10-"
10-"
10-"
10-"
10-"
,0-io

10-"
10-"

10 ">
,0 -u )
,0 -11
10-"
10-.o
io-9

,0-io
io-9

,0-io
io-9

,0- io
,0-:o
,0-io
io-9

io-9

io-9

10-"
10-"
io-9

io-9

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

0.020

6.4 x

3.1 x

1.2 x

4.7 x

3.5 x

2.3 x

7.3 x

7.1 x

3.4 x

2.3 x

3.8 x

2.1 x

3.8 x

3.1 x

10-"

10-"

!0-io

10-"

,0-io

10-"

,0-io

,0-io

,0-io

,0-m

,0-io

io-9

10-"

io-9



VO (jjU) li
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Nuclide

Sn-126

Sn-127

Sn-128

Antimony
Sb-115

Sb-116

Sb-116m

Sb-117

Sb-118m

Sb-119

Sb-120

Sb-120

Physical
half-life

1.00 x IO5

2.10

0.985

0.530

0.263

1.00

2.80

5.00

1.59

5.76

0.265

a

h

h

h

h

h

h

h

d

d

h

Type

F
M
F
M
F
M

F
M

F
M
F
M

F
M

F
M

F
M

F
M

F
M

f«

0.020
0.020

0.020
0.020

0.020
0.020

0.100
0.010

0.100
0.010
0.100
0.010
0.100
0.010

0.100
0.010
0.100
0.010

0.100
0.010
0.100
0.010

Inhalation

e(g)

1.1 x
2.7 x
6.9 x
1.3 x
5.4 x
9.6 x

9.2 x
1.4 x
9.9 x
1.4 x
3.5 x
5.0 x
9.3 x
1.7 x
1.0 x
1.3 x

2.5 x
3.7 x
5.9 x
1.0 x

4.9 x
7.4 x

Ingestion

Hu.

IO-8

10-"
, 0 - io

10-"
10-"

ID'12

10-"
io-1 2

10-"
10-"
10-"
io-1 2

10-"
io-'°
io-'°
10-"
10-"
io-'°
10"9

io-1 2

io - 1 2

e(tf

1.4 x
1.8 x
1.2 x
2.0 x
9.5 x
1.5 x

1.7 x
2.3 x

1.8 x
2.3 x
6.4 x
8.5 x
1.7 x
2.7 x
1.9 x
2.3 x

4.5 x
5.9 x

9.8 x
1.3 x
8.5 x
1.2 x

>5,m

io-8

io-8

,0-io
I 0- io

io-"
10-m

10-"
io-"
10 "
10-"
10-"
10-"
10-"
10-"
io-'°
io-'°
10-"
10-"
10-io
10"9

io-12

10 "

f,
0.020

0.020

0.020

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

e(g)

4.7 x IO-9

2.0 x 10-'°

1.5 x 10-'°

2.4 x 10'11

2.6 x lO'"

6.7 x 10-"

1.8 x 10-"

2.1 x 10-'°

8.1 x 10-"

1.2 x ID'9

1.4 x lO'"



Sb-122

Sb-124

Sb-124m

Sb-125

Sb-126

- Sb-126m
3
*^.
r Sb-127

1
i, Sb-128
<i

n, Sb-128
4>
,] Sb-129

Sb-130

Sb-131

Tellurium
Te-116

Te-121
C-*-*_j ——————————

2.70

60.2

0.337

2.77

12.4

0.317

3.85

9.01

0.173

4.32

0.667

0.383

2.49

17.0

d

d

h

a

d

h

d

h

h

h

h

h

h

d

F
M
F
M
F
M
F
M
F
M
F
M
F
M
F
M
F
M
F
M
F
M
F
M

F
M
F
M

0.100
0.010
0.100
0.010
0.100
0.010
0.100
0.010
0.100
0.010
0.100
0.010
0.100
0.010
0.100
0.010
0.100
0.010
0.100
0.010
0.100
0.010
0.100
0.010

0.300
0.300
"0.300
0.300

3.9 x
1.0 x
1.3 x
6.1 x
3.0 x
5.5 x
1.4 x
4.5 x
1.1 x
2.7 x
1.3 x
2.0 x
4.6 x
1.6 x
2.5 x
4.2 x
1.1 x
1.5 x
1.1 x
2.4 x
3.5 x
5.4 x
3.7 x
5.2 x

6.3 x
i . l x
2.5 x
3.9 x

j O - i o
io-9

io-9

ID'9

io-12

io-12

io-9

io-9

io-9

io-9

10-"
10-"
io-'°
io-9

lO-.o
10-io

10-"
10-"
io-'°
J Q - . O

10-"
10-"
10-"
10-"

10-"
io-'°
j0-.o
j0-.o

6.3 x
1.2 x
1.9 x
4.7 x
5.3 x
8.3 x
1.7 x
3.3 x
1.7 x
3.2 x
2.3 x
3.3 x
7.4 x
1.7 x
4.6 X
6.7 x
1.9 x
2.6 x
2.0 x
3.5 x
6.3 x
9.1 x
5.9 x
8.3 x

1.2 x
1.7 x
3.9 x
4.4 x

io-'°
io-9

io-9

io-9

io-1 2

io-1 2

io-9

io-9

io-9

io-9

10-"
10'"
j O - i o
io-9

10-io
j O - i o

10-"
10-"
10-io
,0-10

10-"
10-"
10-"
10-"

10-io
jO- .o
lO-io
lO- io

O.I 00

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.100

0.300

0.300

1.7 x

2.5 x

8.0 x

1.1 x

2.4 x

3.6 x

1.7 x

7.6 x

3.3 x

4.2 x

9.1 x

1.0 x

1.7 x

4.3 X

io-9

io-9

io-12

io-9

io-9

10-"

io-9

io-10

10-"

io-'°

10-"
lO-io

io-'°

io-10



00

Nuclide

Te-121m

Te-123

Te-123m

Te-125m

Te-127

Te-127m

Te-129

Te-129m

Te-131

Te-131m

Te-132

Te-133

Physical
half-life

154

1.00 x IO 1 3

120

58.0

9.35

109

1.16

33.6

0.417

1.25

3.26

0.207

d

a

d

d

h

d

h

d

h

d

d

h

Type

F
M
F
M
F
M
F
M
F
M
F
M
F
M
F
M
F
M
F
M
F
M
F
M

f,

0.300
0.300
0.300
0.300
0.300
0.300
0.300
0.300
0.300
0.300
0.300
0.300
0.300
0.300
0.300
0.300
0.300
0.300
0.300
0.300
0.300
0.300
0.300
0.300

Inhalation

e(g)

1.8 x
4.2 x
4.0 x
2.6 x
9.7 x
3.9 x
5.1 x
3.3 x
4.2 x
1.2 x
1.6 x
7.2 x
1.7 x
3.8 x
1.3 x
6.3 x
2.3 x
3.8 x
8.7 x
1.1 x
1.8 x
2.2 x
2.0 x
2.7 x

Ingestion

1 /im

io-9

10"

io-9

io-9

,0-10
io-9

,0-m
io-9

10-"
, 0 - i o

io-9

io-9

10-"
10-"
io-9

io-9

10-"
10-"
, 0 - i o
io-9

io-9

io-9

10 "
io-"

e(g:

2.3 x
3.6 x
5.0 x
2.8 x
1.2 x
3.4 x
6.7 x
2.9 x
7.2 x
1.8 x
2.0 x
6.2 x
2.9 x
5.7 x
1.8 x
5.4 x
4.6 x
6.1 x
1.2 x
1.6 x
2.4 x
3.0 x
3.8 x
4.4 x

>S,m

io-9

I O 9

io-9

io- 9

io-9

io-9

,0-m
io-9

10-"
,0-io

io-9

io-9

10-"
, 0 - M

io-9

io-9

10-"
io-"
io-9

io-9

io-9

io-9

10-"
10-"

fl
0.300

0.300

0.300

0.300

0.300

0.300

0.300

0.300

0.300

0.300

0.300

0.300

e(g)

2.3 x

4.4 x

1.4 x

8.7 x

1.7 X

2.3 X

6.3 X

3.0 x

8.7 x

1.9 x

3.7 x

7.2 x

io-9

io-9

io-9

10-io

,0-10

io-9

10-"

io-9

10-"

io-9

io-9

10-"



Te-133m

Te-134

Iodine
1-120
I- 120m
1-121
1-123

=r 1-124

\ 1-125
M26

4 M28
n* 1-129

=» 1-130
* M3I
<J
•3 1-132

I- 132m
1-133
1-134
1-135

Caesium
Cs-125
Cs-127
Cs-129

ON Cs-130I-H-— i _ _ _ _ _ _ _ _ _ _ _ _ _

0.923

0.696

1.35
0.883

2.12
13.2
4.18
60.1
13.0

0.416
1.57 x IO7

12.4
8.04
2.30
1.39
20.8

0.876
6.61

0.750
6.25
1.34

0.498

h

h

h
h
h
h
d
d
d
h
a
h
d
h
h
h
h
h

h
h
d
h

F
M
F
M

F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F

F
F
F
F

0.300
0.300
0.300
0.300

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000

8.4 x
1.2 x
5.0 x
7.1 x

1.0 x
8.7 x
2.8 x
7.6 x
4.5 x
5.3 x
1.0 x
1.4 x
3.7 x
6.9 x
7.6 x
9.6 x
8.1 x
1.5 x
4.8 x
3.3 X

1.3 x
2.2 x
4.5 x
8.4 x

10-"
,0- io

10-"
10-"

10-io

10-"
10-"
10-"
10 -"
i o - 9

io-K

10-"
io-8

,0-io

io-9

10-"
10-"
io-9

10-"
io-10

10-"
io-11

10-"
io-1 2

1.2 x
1.9 x
8.3 x
1.1 x

1.9 x
1.4 x
3.9 x
1.1 x
6.3 x
7.3 x
1.4 x
2.2 x
5.1 x
9.6 x
1.1 x
2.0 x
1.1 x
2.1 x
7.9 x
4.6 x

2.3 x
4.0 x
8.1 x
1.5 x

,0-!0
10-io

10-"
10-io

,0-io
,0- io
,0-n
10-io

io-9

10 9

io-8

10-"
io-8

10-io

io-8

10-io
,0-K,

io-9

10-"
io-'°

10-"
10-"
10-"
10-"

0.300

0.300

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000

2.8 x

1.1 X

3.4 x
2.1 x
8.2 x
2.1 x
1.3 x
1.5 x
2.9 x
4.6 x
1.1 x
2.0 x
2.2 x
2.9 x
2.2 x
4.3 x
1.1 x
9.3 x

3.5 x
2.4 x
6.0 x
2.8 x

,0-io

,0-io

,0-10
,0-io

10-"
lO-.o

IO-8

io-8

io-8

10-"
io-7

io-9

io-8

lO- io
,0-10

io-9

,0-io
,0-io

io-11

10-"
10-"
io-11



g (jjU) UJLS-yjUJI JjajJI
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Nuclide

Cs-131
Cs-132
Cs-134
Cs- 1 34m
Cs-135
Cs-135m
Cs-136
Cs-137
Cs-138

Barium
Ba-126
Ba-128
Ba-131
Ba-131m
Ba-133
Ba-133m
Ba-135m
Ba-139
Ba-140
Ba-141
Ba-142

Physical
half-life

9.69 d
6.48 d
2.06 a
2.90 h

2.30 x 106 a
0.883 h

13.1 d
30.0 a

0.536 h

1.61 h
2.43 d
11.8 d

0.243 h
10.7 a
1.62 d
1.20d
1.38 h
12.7 d

0.305 h
0.177 h

Type

F
F
F
F
F
F
F
F
F

F
F
F
F
F
F
F
F
F
F
F

f,

1.000
1.000
1. 000
1.000
1.000
1.000
1.000
1.000
1.000

0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100

Inhalation

e(g),,ni

2.8 x 10-"
2.4 x 10-'°
6.8 x JO'9

1.5 x 10 "
7.1 x 10 "'
1.3 x 10-"
1.3 x 1Q-9

4.8 x IO-9

2.6 x 10 "

7.8 X 10-"
8.0 x 10 l()

2.3 x 10-'"
4.1 x 10-'2

1.5 x 10'9

1.9 x ID'10

1.5 x lO'1 0

3.5 x 10-"
1.0 x 10"9

2.2 x ID'"
1.6 x 10-"

Ingestion

e(g)5,m

4.5 x 10-"
3.8 x 10"1"
9.6 x 1Q-9

2.6 x 10 "
9.9 x 10 '"
2.4 x 10-"
1.9 x 10'9

6.7 x 10-9

4.6 x 10 '•"

1.2 x 10-'°
1.3 x 10 9

3.5 x 10-'°
6.4 x 10-'2

1.8 x 10"9

2.8 x ID'10

2.3 x ID ' 1 0

5.5 x 10-"
1.6 x 10'9

3.5 x 10-"
2.7 x 10'"

fi

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100

e(g)

5.8 x 10-"
5.0 x 10-'°
1.9 x ID'8

2.0 x 10-"
2.0 x 10 9

1.9 x 10-"
3.0 x ID'9

1.3 x ID'8

9.2 x 10 "

2.6 x 10-'°
2.7 x 10-9

4.5 x 10-'°
4.9 x IO- '2

1.0 x ID'9

5.5 X 10-10

4.5 x 10-'°
1.2 x ID'10

2.5 x 10-9

7.0 x 1Q-"
3.5 x 10-"



Lanthanum

3
V•

4•>*»

\J

T-H

La-131

La- 132

La- 135

La- 137

La- 138

La- 140

La-141

La- 142

La- 143

Cerium
Ce-134

Ce-135

Ce-137

Ce-137m

0.983 h

4.80h

19.5 h

6.00 x IO4 a

1.35 x 10" a

1.68d

3.93 h

1.54 h

0.237 h

3.00 d

17.6 h

9.00 h

1.43 d

F
M
F
M
F
M
F
M
F
M
F
M
F
M
F
M
F
M

M
S
M
S
M
S
M
S

5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x

5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x

io-4

io-4

io-4

io-4

io-4

io-4

io-4
,0 4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

1.4 x
2.3 x
1.1 x
1.7 x
1.1 x
1.5 x
8.6 x
3.4 x
1.5 x
6.1 x
6.0 x
1.1 x
6.7 x
1.5 x
5.6 x

'9.3 x
1.2 x
2.2 x

1.3 x
1.3 x
4.9 x
5.1 x
1.0 x
1.1 x
4.0 x
4.3 x

10-"
10-"
io-'°
,0-io

10-"
10-"
io-9

io-9

10 7

io-8

io-">
io-9

10-"
I 0 - io

10-"
10-"
10-"
10-"

io-9

io-9

10-io
io-'°
10-"
10-"
,0-m
io-10

2.4 x
3.6 x
2.0 x
2.8 x
2.0 x
2.5 x
1.0 x
2.3 x
1.8 x
4.2 x
1.0 x
1.5 x
1.1 x
2.2 x
1.0 x
1.5 x
2.0 x
3.3 x

1.5 x
1.6 x
7.3 x
7.6 x
1.8 x
1.9 x
5.5 x
5.9 x

10-"
10-"
10-.o
,0-io

10-"
io-"
io-8

10 9

10 7

10 8

10-"
io-9

,0-io
l O - i o
,0-io
,0-io

10-"
10-"

io-9

io-9

,0-io
,0-io

10-"
10-"
, 0 - m
, 0 - io

5.0 x

5.0 x

5.0 x

5.0 x

5.0 x

5.0 x

5.0 x

5.0 x

5.0 x

5.0 x

5.0 x

5.0 x

5.0 x

io-4

io-4

io-4

io-4

I O 4

I O 4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

3.5 x

3.9 x

3.0 x

8.1 x

1.1 x

2.0 x

3.6 x

1.8 x

5.6 x

2.5 x

7.9 x

2.5 x

5.4 x

10-"
,0-io

10-"

10-"

io-9

io-9

,0-m

,0-io

10-"

io-9

,0-io

10-"

io-'°



cs (4»lj) li/li-j-jlill JjJusJI
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Nuclide

Ce-139

Ce-141

Ce-143

Ce-144

Praseodymium
Pr-136

Pr-137

Pr-138m

Pr-139

Pr-142

Pr-142m

Pr-143

Physical
half-life

138 d

32.5 d

1.38 d

284 d

0.218 h

1.28 h

2.10 h

4.51 h

19.1 h

0.243 h
-. -^

13.6 d

Type

M
S
M
S
M
S

M
S

M
S

M
S

M
S
M
S

M
S

M
S
M
S

f,

5.0 x
5.0 x

5.0 x
5.0 x

5.0 x
5.0 x

5.0 X
5.0 x

5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x

5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x

5.0 x
5.0 x

io-4

io-4

io-4

io-4

io- 4

io-4

io-4

io-4

io-4

io-4

I O 4

io-4

10 4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io- 4

10" 4

Inhalation

e(g)

1.6 x
1.8 x

3.1 x
3.6 x

7.4 x
8.1 x
3.4 x
4.9 x

1.4 x
1.5 x

2.1 x
2.2 x

7.6 x
7.9 x

1.9 x
2.0 x

5.3 x
5.6 x
6.7 x
7.1 x

2.1 x
2.3 x

Ingestion

. M m

io-9

io-9

io-9

io-9

10-"'
,0-10

io-8

io-8

10-"
10-"
10-"
10-"
10 "
10-"
10-"
10-"
,0-io
,0-10

io-12

i o - 1 2

io-9

I O 9

e

1.3
1.4

2.7
3.1

9.5
1.0

2.3
2.9

2.4
2.5

3.4
3.5

1.3
1.3

2.9
3.0

7.0
7.4

8.9
9.4

1.9
2.2

x
x
X
X

X

X

X
X

X
X

X
X

X

X

X

X

X
X

X
X

X
X

>5,m

io-9

io-9

I O - 9

10 9

10"'
10 9

io-8

IO-8

10-"
IO""

10-"
10-"
| 0-io
,0-io

10-"
10-"
,0-io
,0-m

io-1 2

io- 1 2

io-9

io-9

f i

5.0 x 1Q-4

5.0 x 10'4

5.0 x 10 •'

5.0 x IQ- 4

5.0 x IO-4

5.0 x IO-4

5.0 x 10 4

5.0 X 10 4

5.0 x IO- 4

5.0 x 10 "4

5.0 x 10-"

e(g)

2.6 x 10-'°

7.1 x 10-'°

I.I x 10 9

5.2 x IO-9

3.3 x 10-"

4.0 x 10-"

1.3 x 10-'°

3.1 X 10-"

1.3 x IO-9

1.7 x 10-"

1.2 x IO-9



3

^
n

—
"$

.1

CO
CNi— i

Pr-144

Pr-145

Pr-147

Neodymium
Nd-136

Nd-I38

Nd-139

Nd-139m

Nd-141

Nd-147

Nd-149

Nd-151

Promethium
Pm-141

Pm-143

0.288 h

5.98 h

0.227 h

0.844 h

5.04 h

0.495 h

5.50h

2.49 h

l l . O d

1.73 h

0.207 h

0.348 h

265 d

M
S
M
S
M
S

M
S
M
S
M
S
M
S
M
S
M
S
M
S
M
S

M
S
M
S

5.0 x 1Q-4

5.0 X 10'4

5.0 x 1C'4
5.0 x 1Q-4

5.0 x IO-4

5.0 x IO-4

5.0 x 1Q-4

5.0 x IO-4

5.0 x 10'4
5.0 x IO- 4

5.0 x 10~4

5.0 x ID ' 4

5.0 x 10"4

5.0 x IO-4

5.0 x IO-4

5.0 x IO-4

5.0 x ID'4
5.0 x 10"4

5.0 x IO- 4

5.0 x IO-4

5.0 x IO-4

5.0 x 10"4

5.0 x IO-4

5.0 x 10'4

5.0 x IO-4

5.0 x ID"4

1.8 x
1.9 x
1.6 x
1.7 x
1.8 x
1.9 x

5.3 x
5.6 x
2.4 x
2.6 x
1.0 x
1.1 x
1.5 x
1.6 x
5.1 x
5.3 x
2.0 x
2.3 x
8.5 x
9.0 x
1.7 x
1.8 x

1.5 x
1.6 x
1.4 x
1.3 x

10-"
10-"
,0-io
j O - i o

10-"
10-"

10-"
10-"
I O - H >
10 "'
io-"
10-"
,0-io
,0-io

io-12

io-12

io-9

io-9

io - 1 1

10-"
10-"
i o - 1 1

io-1 1

io- 1 1

io-9

io-9

2.9 x
3.0 x
2.5 x
2.6 x
2.9 x
3.0 x

8.5 x
8.9 x
3.7 x
3.8 x
1.7 x
1.7 x
2.5 X
2.5 x
8.5 x
8.8 x
1.9 x
2.1 x
1.2 x
1.3 x
2.8 x
2.9 x

2.4 x
2.5 x
9.6 x
8.3 x

10-"
10-"
10-io
J Q - I O

10-"
10-"

10-"
10-"
| 0-io
m - io

io-"
10-"
10-io
,0-io

io-12

io-1 2

io-9

io-9

,0-io
,0-io

10-"
10-"

10'"
10'"
jO- io
io-'°

5.0 x

5.0 x

5.0 x

5.0 x

5.0 x

5.0 x

5.0 x

5.0 x

5.0 x

5.0 x

5.0 x

5.0 x

5.0 x

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

5.0 x

3.9 x

3.3 x

9.9 x

6.4 x

2.0 x

2.5 x

8.3 x

1.1 X

1.2 x

3.0 x

3.6 x

2.3 x

10-"
,0-.o

10-"

10-"
,0-io

10-"
,0-io

io-12

io-9

10-io

10-"

10-"

10-io



i) UJli-̂ till Jjju>JI
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Nuclide

Pm-144

Pm-145

Pm-146

Pm-147

Pm-148

Pm-148m

Pm-149

Pm-150

Pm-151

Samarium
Sm-141
Sm-141m
Sm-142
Sm-145

Physical
half-life

363 d

17.7 a

5.53 a

2.62 a

5.37 d

41.3 d

2.21 d

2.68 h

1.18 d

0.170 h
0.377 h

1.21 h
340 d

Inhalation

Type

M
S
M
S
M
S
M
S
M
S
M
S
M
S
M
S
M
S

M
M
M
M

f.

5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x

5.0 x
5.0 x
5.0 x
5.0 x

Ingestion

e(g),Mm e(g)5Mm f, - e(g)

io-4

io-4

io-4

io-4

10 4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

7.8 x
7.0 x
3.4 x
2.1 x
1.9 x
1.6 x
4.7 x
4.6 x
2.0 x
2.1 x
4.9 x
5.4 X
6.6 x
7.2 x
1.3 x
1.4 x
4.2 x
4.5 x

1.6 x
3.4 x
7.4 x
1.5 x

io-9

io-9

io-9

io-9

io-R

io-8

io-9

io-9

io-9

io-9

io-9

io-9

,0-io
m - io

io-10
,0-io
,0-io
io-10

10-"
10-"
10-"
to-9

5.4 x
3.9 x
2.4 X
1.2 x
1.3 x
9.0 x
3.5 x
3.2 x
2.1 x
2.2 x
4.1 x
4.3 x
7.6 x
8.2 x
2.0 x
2.1 x
6.1 x
6.4 x

2.7 x
5.6 x
1.1 x
1.1 x

io-9

io-9

io-9

io-9

W8

io-9

io-9

io-9

io-9

io-9

io-9

io-9

,0-m
,0 -m
,0 m
,0-io

10-io
io-'°

10-"
10-"
,0-io

io-9

5.0 x

5.0 x

5.0 x

5.0 x

5.0 x

5.0 x

5.0 x

5.0 x

5.0 x

5.0 x
5.0 x
5.0 x
5.0 x

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

9.7 X

1.1 x

9.0 x

2.6 x

2.7 x

1.8 x

9.9 x

2.6 x

7.3 x

3.9 x
6.5 x
1.9 x
2.1 x

,0-io

,0-io

lo-io

,0-io

io-9

io-9

,0-io

,0-to

,0-io

10-"
10-"
,0-10
,0-io



3y
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*
"2.
V
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Sm-146
Sm-147
Sm-151
Sm-153
Sm-155
Sm-156
Europium
Eu-145
Eu-146
Eu-147
Eu-148
Eu-149
Eu-150
Eu-150
Eu-152
Eu-152m
Eu-154
Eu-155
Eu-156
Eu-157
Eu-158
Gadolinium
Gd-145

Gd-146

1.03 x IO8

1.06 x 10"
90.0
1.95

0.368
9.40

5.94
4.61
24.0
54.5
93.1
34.2
12.6
13.3

9.32
8.80
4.96
15.2
15.1

0.765

0.382

48.3

a
a
a
d
h
h

d
d
d
d
d
a
h
a
h
a
a
d
h
h

h

d

M
M
M
M
M
M

M
M
M
M
M
M
M
M
M
M
M
M
M
M

F
M
F
M

5.0 x IO- 4

5.0 x IO-4

5.0 x I O - 4

5.0 x 10'4

5.0 x ID'4

5.0 x IO-4

5.0 x IO-4

5.0 x 10 4

5.0 x IQ- 4

5.0 x 10 4

5.0 x ID'4

5.0 x IO-4

5.0 x 10'4

5.0 x IO-4

5.0 x 10-"
5.0 x IO-4

5.0 x IO-4

5.0 x IO-4

5.0 x IO-4

5.0 x IO-4

5.0 x IO-4

5.0 x ID'4

5.0 x IO-4

5.0 x IO-4

9.9 x
8.9 x
3.7 x
6.1 x
1.7 x
2.1 x

5.6 x
8.2 x
1.0 x
2.7 x
2.7 x
5.0 x
1.9 x
3.9 x
2.2 x
5.0 x
6.5 x
3.3 x
3.2 x
4.8 x

1.5 x
2.1 x
4.4 x
6.0 x

10'6

10'6

io-9

, 0- io

10-"
10 I0

1 0-io

10"'
10-'
10 9

,0-10

io-8

,0-io

io-8

,0-io

io-8

io-9

io-9

,0-io

10-"

10-"
10-"
io-9

io-9

6.7 x
6.1 x
2.6 x
6.8 x
2.8 x
2.8 x

7.3 x
1.2 x
1.0 x
2.3 x
2.3 x
3.4 x
2.8 x
2.7 x
3.2 x
3.5 x
4.7 x
3.0 x
4.4 x
7.5 x

2.6 x
3.5 x
5.2 x
4.6 x

lO'6

io-6

t o - 9

10-io

10-"
j0-io

, 0 - io

H ) 9

I O 9

I O 9

,0-u)

io-8

,0-io

io-8

,0-m

io-8

io-9

io-9

,0-io

10-"

10-"
10-"
io-9

io-9

5.0 x 1Q-4

5.0 x IO- 4

5.0 x IO- 4

5.0 x 1Q-4

5.0 X IO-4

5.0 x 1Q-4

5.0 x 10 -4

5.0 x 10 '4

5.0 x IO-4

5.0 x IO-4

5.0 x IO-4

5.0 x IO-4

5.0 x IO-4

5.0 x IO-4

5.0 x IO-4

5.0 x IO-4

5.0 x IO"4

5.0 x IO-4

5.0 x IO-4

5.0 x IO-4

5.0 x IO-4

5.0 x 1Q-4

5.4 x
4.9 x
9.8 x
7.4 x
2.9 x
2.5 x

7.5 x
1.3 x
4.4 x
1.3 x
1.0 x
1.3 x
3.8 x
1.4 X
5.0 x
2.0 x
3.2 x
2.2 x
6.0 x
9.4 x

4.4 x

9.6 x

10'8

io-8

10-"
io-'°
10-"
io-'°

io-'°
io-9

10-io

io-9

,0-io

,0-10

io-9

io-'°
io-9

,0-10

io-9

io-'°
10-"

10-"

io-'°



CN iJlj-i-ilifl JjjL»JI

Nuclide

Gd-147

Gd-148

Gd-149

Gd-!51

Gd-I52

Gd-153

Gd-159

Terbium
Tb-147
Tb-149
Tb-150
Tb-151
Tb-153
Tb-154
Tb-155
Tb-156

Physical
half-life

1 .59d

93.0 a

9.40d

120 d

1.08 x I O 1 4 a

242 d

18.6 h

1.65 h
4.15 h
3.27 h
17.6 h
2.34d
21.4 h
5.32d
5.34d

Type

F
M
F
M
F
M
F
M
F
M
F
M
F
M

M
M
M
M
M
M
M
M

f,

5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x

5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x

Inhalat ion Ingestion

e(g)| m
 e(B)s tn ^1 e(8)

io-4

10 4

io-4

1C) 4

I O 4

io-4

10 4

I O 4

10 4

10 4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

2.7 x
4.1 x
2.5 x
I . I x
2.6 x
7.0 x
7.8 x
8.1 x
1.9 x
7.4 x
2.1 x
1.9 x
1.1 x
2.7 x

7.9 x
4.3 x
1.1 x
2.3 x
2.0 x
3.8 x
2.1 x
1.2 x

10 "'
m - io

I0"s

10 5

io •'"
,0-io
, 0 - io
,0-io

10'6

io-9

,0 io
| 0- io

10-"
io-9

| 0 -m

10-io
,0- io

10-io

| 0-io

io-9

4.5 x
5.9 x
3.0 x
7.2 x
4.5 x
7.9 x
9.3 x
6.5 x
2.2 x
5.0 x
2.5 x
1.4 x
1.8 x
3.9 x

1.2 x
3.1 x
1.8 x
3.3 x
2.4 x
6.0 x
2.5 x
1.4 x

,0 - io
, 0 - i o

io- '
10 h

10 '"
,0 io

10 '"
10-io

IO ' 6

io-9

io-9

,0-io
, 0 - i o

,0-io

io-9

io-'°
,0-io

1 0-io
, 0 - io

io-1 0

io-9

5.0 x

5.0 x

5.0 x

5.0 x

5.0 x

5.0 x

5.0 x

5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x

io-4

10 4

10 4

io- 4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4 .
io-4

6.1 x

5.5 x

4.5 x

2.0 x

4.1 x

2.7 x

4.9 x

1.6 x
2.5 x
2.5 x
3.4 x
2.5 x
6.5 x
2.1 x
1.2 x

,0-io

io-8

,0-10

10-io

io-8

10-io

I0-io

10-io

10-io

io-'°
io-'°
10-io

10-io
10-io

io-9
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n
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Tb-156m
Tb-156m
Tb-157
Tb-158
Tb-160
Tb-161
Dysprosium
Dy-155
Dy-157
Dy-159
Dy-165
Dy-166
Holmium
Ho- 155
Ho- 157
Ho- 159
Ho-161
Ho- 162
Ho- 162m
Ho- 164
Ho- 164m
Ho- 166
Ho- 166m
Ho- 167

Erbium
Er-161
Er-165

1.02 d
5.00 h

1.50 x IO2 a
1.50 x IO2 a

72.3 d
6.91 d

10.0 h
8.10 h
144 d

2.33 h
3.40 d

0.800 h
0.210 h
0.550 h

2.50 h
0.250 h

1.13 h
0.483 h
0.625 h

1.12 d
1.20 x IO3 a

3.10 h

3.24 h
10.4 h

M
M
M
M
M
M

M
M
M
M
M

M
M
M
M
M
M
M
M
M
M
M

M
M

5.0 x IO-4

5.0 x lO'4

5.0 X IO-4

5.0 x IO-4

5.0 x IO-4

5.0 x ID'4

5.0 x 10'4

5.0 x 10'4

5.0 x 10 4

5.0 x 1C'4

5.0 x 10'4

5.0 x IO-4

5.0 x 10'4

5.0 x 10 4

5.0 x 10'4

5.0 x IO- 4

5.0 x 10 4

5.0 x 10 4

5.0 x 10'4

5.0 x 10'4

5.0 x 1Q-4

5.0 x 10'4

5.0 x IO-4

5.0 x IO-4

2.0 x
9.2 x
1.1 x
4.3 x
6.6 x
1.2 x

8.0 x
3.2 x
3.5 x
6.1 x
1.8 x

2.0 x
4.5 x
6.3 x
6.3 x
2.9 x
2.2 x
8.6 x
1.2 x
6.6 x
1.1 x
7.1 x

5.1 x
8.3 x

,0- io

10-"
io-9

io-8

io-9

io-9

10-"
10-"
10- I0

10-"

10-"
10 |:

10 i:

io- 1 2

i o - 1 2

10 "
10- ' -
10-1 1

1 0- io

io-7

10-"

10-"
io-1 2

2.3 x
1.3 x
7.9 x
3.0 x
5.4 x
1.2 x

1.2 x
5.5 x
2.5 x
8.7 x
1.8 x

3.2 x
7.6 x
1.0 x
1.0 x
4.5 x
3.3 x
1.3 x
1.6 x
8.3 x
7.8 x
1.0 x

8.5 x
1.4 x

,0- io
,0- io
,0-io

1Q-8

io-9

io-9

,0-io

10-"
10 I0

10 "
10 9

io- 1 1

i o - 1 2

to "
10-"
io - 1 2

10 "
to-"
10-"
,0- io

io-8

,0-io

10-"
10-"

5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x

5.0 x
5.0 x
5.0 x
5.0 x
5.0 x

5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x

5.0 x
5.0 x

io-4

10 -4

io-4

io-4

io-4

io-4

io-4

io-4

io - 4

I O 4

io-4

io-4

10 4

io-4

io-4

10 4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

1.7 x 10-'°
8.1 x 1Q-"
3.4 x 10-"
1.1 x 10'9

1.6 x ID'9

7.2 x ID'10

1.3 x lO'10

6.1 x 10-"
1.0 x 10-'°
1.1 x 10-'°
1.6 x 10"9

3.7 x 10-"
6.5 x to"12

7.9 x 10"12

1.3 x 1Q-"
3.3 x IO-1 2

2.6 x 10-"
9.5 x 10-'2

1.6 x 10-"
1.4 x lO'9

2.0 x ID'9

8.3 x 10-"

8.0 x 10-"
1.9 x 10-"



oo
CS
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(gii) iimvii/i JJA*JI

Nuclide

Er-169
Er-171
Er-172
Thulium
Tm-162
Tm-166
Tm-167
Tm-170
Tm-171
Tm-172
Tm-173
Tm-175
Ytterbium
Yb-162

Yb-166

Yb-167

Yb-169

Yb-175

Physical
half-life

9.30 d
7.52 h
2.05 d

0.362 h
7.70 h
9.24 d

129 d
1.92 a
2.65 d
8.24 h

0.253 h

0.315 h

2.36d

0.292 h

32.0 d

4.19d

Type

M
M
M

M
M
M
M
M
M
M
M

M
S
M
S
M
S
M
S
M
S

f.

5.0 x
5.0 x
5.0 x

5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x

5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

Inhalation

e(g)

9.8 x
2.2 x
1.1 x

1.6 x
1.8 x
1.1 x
6.6 x
1.3 x
1.1 x
1.8 x
1.9 x

1.4 x
1.4 x
7.2 x
7.6 x
6.5 x
6.9 x
2.4 x
2.8 x
6.3 x
7.0 x

Ingestion

Um

,0-10

10-iO

io-9

10-"
,0-m

io-9

io-9

io-9

io-9

,0-io

io-"

10-"
10-"
lO-io
10-.o

io-12

io-12

io-9

io-9

jO- io
jO- .o

e(g)

9.2 x
3.0 x
1.2 x

2.7 x
2.8 x
1.0 x
5.2 x
9.1 x
1.4 X

2.6 x
3.1 x

2.2 x
2.3 x
9.1 x
9.5 x
9.0 x
9.5 x
2.1 x
2.4 x
6.4 x
7.0 x

>5,m

jO- io
jO-.o

io-9

10-"
,0-m

io-9

io-9

,0- io

io-9

,0-io

10-"

10-"
10-"
10-io
,0-io

io-12

io-12

io-9

io-9

jO- io
,0-10

f,

5.0 x
5.0 x
5.0 x

5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x

5.0 x

5.0 x

5.0 x

5.0 x

5.0 x

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

e(g)

3.7 x 10'10

3.6 x IO-10

1.0 x IO-9

2.9 x 10-"
2.8 x 10-'°
5.6 x 10-'°
1.3 x IO-9

1.1 x 10-'°
1.7 x ID'9

3.1 x 10-'°
2.7 x 10-"

2.3 x 10-"

9.5 x 10-'°

6.7 x 1Q-12

7.1 x 10'10

4.4 x 10-'°



3

Yb-177

Yb-178

Lutetium
Lu-169

Lu-170

Lu-171

Lu-172

Lu-173

Lu-174

Lu-174m

Lu-176

Lu-176m

Lu-177

Lu-177m

1.90 h

1.23 h

1.42 d

2.00 d

8.22 d

6.70 d

1.37 a

3.31 a

142 d

3.60 x 10'° a

3.68 h

6.71 d

161 d

M
S

M
S

M
S

M
S
M
S
M
S

M
S

M
S
M
S
M
S
M
S
M
S

M
S

5.0 x
5.0 x
5.0 x
5.0 x

5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

6.4 x 10-"
6.9 x 10-"
7.1 x 10-"
7.6 x 10'"

3.5 x 10-'°
3.8 x 10-'°
6.4 x 10'10

6.7 x 10-'°
7.6 x 10'10

8.3 x ID'1 0

1.4 x 10'9
1.5 x 1C'9

2.0 x 1C'9
2.3 x IO-9

4.0 x 10'9
3.9 x IO-9

3.4 x 1C'9
3.8 x ID'9

6.6 x 10'8
5.2 x 10'8

1.1 x lO'10

1.2 x ID'10

1.0 x 10'9
1.1 x lO'9

1.2 x 10'8
1.5 x 10'8

8.8 x
9.4 x
1.0 x
1.1 x

4.7 x
4.9 x
9.3 x
9.5 x
8.8 x
9.3 x
1.7 x
1.8 x
1.5 x
1.4 x
2.9 x
2.5 x
2.4 x
2.6 x
4.6 x
3.0 x
1.5 x
1.6 x
1.0 x
1.1 x
1.0 x
1.2 x

10-"
10-"
10-io
,0-io

10-.o
lO-io
,0-io
,0-10

10-io
,0-io

io-9

io-9

io-9

io-9

io-9

io-9

io-9

io-9

io-8

io-8

,0-io
,0-io

io-9

io-9

io-8

io-8

5.0 x

5.0 x

5.0 x

5.0 x

5.0 x

5.0 x

5.0 x

5.0 x

5.0 x

5.0 x

5.0 x

5.0 x

5.0 x

io-4

io-4

io-4

io-4

io-4

io-4

io-4

10 4

io-4

io-4

io-4

io-4

io-4

9.7 x

1.2 x

4.6 x

9.9 x

6.7 x

1.3 x

2.6 x

2.7 x

5.3 x

1.8 x

1.7 x

5.3 x

1.7 x

10-"

io-'°

10-.o

10-io

,0-10

io-9

,0-10

,0-io

,0-io

io-9

10-io

10-io

io-9

cs
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Nuclide

Lu-178

Lu-178m

Lu-179

Hafnium
Hf-170

Hf-172

Hf-173

Hf-175

Hf-177m

Hf-178m

Hf-179m

Hf-180m

Physical
half-life

0.473

0.378

4.59

16.0

1.87

24.0

70.0

0.856

31.0

25.1

5.50

h

h

h

h

a

h

d

h

a

d

h

Type

M
S
M
S
M
S

F
M

F
M

F
M

F
M

F
M

F
M

F
M
F
M

Inhalation

(fi?u) ujus^ U J I J j

Ingestion

f, e(g),Mm e(g)Vni f, e(g)

5.0 x ID'4
5.0 x 1Q-4

5.0 x 10-4

5.0 x 10-4

5.0 x ID'4
5.0 X 10-4

0.002
0.002

0.002
0.002
0.002
0.002

0.002
0.002

0.002
0.002
0.002
0.002
0.002
0.002

0.002
0.002

2.5 x 10-"
2.6 x 10-"
3.3 x 1Q-"
3.5 x 10-"
1.1 x ID'10

1.2 x ID'10

1.7 x 10-'°
3.2 x 10-'°
3.2 x 10-R

1.9 x ID'8

7.9 x 10'"
1.6 x lO'10

7.2 x 10'10

1.1 x JO'9

4.7 x 10'"
9.2 x 10-"

2.6 x ID'7
1.1 x ID'7

1.1 x 1Q-9

3.6 x JO'9

6.4 x 10-"
1.4 x 10-'°

3.9 x
4.1 x
5.4 x
5.6 x
1.6 x
1.6 x

2.9 x
4.3 x
3.7 x
1.3 x
1.3 x
2.2 x
8.7 x
8.8 x
8.4 x
1.5 x
3.1 x
7.8 x
1.4 x
3.2 x

1.2 x
2.0 x

10-"
10-"
10-"
10-"
io-'°
io-'°

io-'°
,0-io

10'8
io-8

,0-io
,0-io
,0-io
,0-io

10-"
,0-io

io-7

io-8

io-9

io-9

,0-io
,0- io

5.0 x lO'4

5.0 x ID'4

5.0 x IO-4

0.002

0.002

0.002

0.002

0.002

0.002

0.002

0.002

4.7 x

3.8 x

2.1 x

4.8 x

1.0 x

2.3 x

4.1 x

8.1 x

4.7 x

1.2 x

1.7 x

10-"

10-"

,0-io

10-io

,0-iQ

jO-.o

10-"

io-9

io-9

10-io



3
•

4«>«i

It.1

1— 1m

Hf-18l

Hf-182

Hf-182m

HM83

Hf-184

Tantalum
Ta-172

Ta-173

Ta-174

Ta-175

Ta-176

Ta-177

Ta-178

Ta-179

Ta-180

42.4 d

9.00 x IO6 a

1.02 h

1.07 h

4.12 h

0.613 h

3.65 h

1.20H

10.5 h

8.08 h

2.36 d

2.20 h

1.82 a

1.00 x 10'3a

F
M
F
M
F
M
F
M
F
M

M
S
M
S
M
S
M
S
M
S
M
S
M
S
M
S
M
S

0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002

0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001

1.4 x
4.7 x
3.0 x
1.2 x
2.3 x
4.7 x
2.6 x
5.8 x
1.3 x
3.3 x

3.4 x
3.6 x
1.1 x
1.2 x
4.2 x
4.4 x
1.3 x
1.4 x
2.0 x
2.1 x
9.3 x
1.0 x
6.6 x
6.9 x
2.0 x
5.2 x
6.0 x
2.4 x

io-9

io-9

io-7

io-7

10-"
10-"
10-"
10-"
I 0-io
,0-io

10-"
io-"
,0-io
,0-io

10-"
10-"
,0-io
io-'°
10-io
10-io

10-"
,0-io

10-"
10-"
,0-io
io-'°
io-9

io-8

1.8 x
4.1 x
3.6 x
8.3 x
4.0 x
7.1 x
4.4 X
8.3 x
2.3 x
4.5 x

5.5 x
5.7 x
1.6 x
1.6 x
6.3 x
6.6 x
2.0 x
2.0 x
3.2 x
3.3 x
1.2 x
1.3 x
1.0 x
1.1 x
1.3 x
2.9 x
4.6 x
1.4 x

io-9

io-9

io-7

io-8

10-"
10-"
10-"
10-"
10-io
,0-10

10-"
io-11

,0-10
lO-io

io-"
10-"
lO-.o
J Q - . O
,0-10
,0-10
,0-10
jO- io
jO- io
,0-10
lO-io
jO-io

io-9

10'8

0.002

0.002

0.002

0.002

0.002

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

1.1 X

3.0 x

4.2 x

7.3 x

5.2 x

5.3 x

1.9 x

5.7 x

2.1 x

3.1 x

1.1 x

7.8 x

6.5 x

8.4 x

io-9

io-9

10-"

10-"
lO-io

10-"

10-io

10-"

lO-io

lO-io

10-io

10-"

10-"

io-'°



CN
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Nuclide

Ta-180m

Ta-182

Ta-182m

Ta-183

Ta-184

Ta-185

Ta-186

Tungsten
W-176

W-177

W-178

W-179

Physical
half-life

8.10

115

0.264

5.10

8.70

0.816

0.175

2.30

2.25

21.7

0.625

h

d

h

d

h

h

h

h

h

d

h

Type

M
S
M
S
M
S
M
S
M
S

M
S

M
S

F

F

F

F

fi

0.001
0.001
0.001
0.001

0.001
0.001

0.001
0.001

0.001
0.001

0.001
0.001
0.001
0.001

0.300

0.300

0.300

0.300

Inhalation

e(g)

4.4 x
4.7 x

7.2 x
9.7 x

2.1 x
2.2 x

1.8 x
2.0 x

4.1 x
4.4 x

4.6 x
4.9 x
1.8 x
1.9 x

4.4 x

2.6 x

7.6 x

9.9 x

(gii) bjuViiJi J****]

Ingestion

l M m

10-"
10-"
io-9

10 -9

10 "
10'"

io-9

10"
I 0 . io
10 I0

10-"
10-"
io-"
10-"

10-"

10-"

10-"

io-"

e(g;

5.8 x
6.2 x

5.8 x
7.4 x

3.4 x
3.6 x

1.8 x
2.0 x

6.0 x
6.3 x

6.8 x
7.2 x
3.0 x
3.1 x

7.6 x

4.6 x

1.2 x

1.8 x

>.^m

10-"
io-"
io-9

io-g

10-"
10-"
10 9

10"
,0-io
10 "'

io-"
10-"
10 "
1 0 - i i

10-"

io-"

io-'°

io-12

f,
0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.300
0.010
0.300
0.010
0.300
0.010
0.300
0.010

e(g) .

5.4 x 10-"

1.5 x ID'9

1.2 x 10-"

1.3 x IO-9

6.8 x 10-'°

6.8 x 10'"

3.3 x 10-"

1.0 x 10-'°
1.1 x 10-'°

5.8 x 10-"
6.1 x 10-"
2.2 x IO'10

2.5 x 10'10

3.3 x ID'12

3.3 x 10'12



W-181

W-185

W-187

W-188

Rhenium
Re- 177

Re- 178

Re-181

Re- 182

Re- 182

Re- 184

Re- 184m

Re- 186

Re- 186m

Re- 187

121 d

75.1 d

23.9 h

69.4 d

0.233 h

0.220 h

20.0 h

2.67 d

12.7 h

38.0 d

165 d

3.78d

2.00 x 10s a

5.00 x 10'°a

F

F

F

F

F
M
F
M
F
M
F
M
F
M
F
M
F
M
F
M
F
M

F
M

0.300

0.300

0.300

0.300

0.800
0.800
0.800
0.800
0.800
0.800
0.800
0.800
0.800
0.800
0.800
0.800
0.800
0.800
0.800
0.800
0.800
0.800
0.800
0.800

2.8 x 10-"

1.4 x 10-'°

2.0 x ID'10

5.9 x lO'10

1.0 x 10-"
1.4 x 10-"
1.1 x 10-"
1.5 x 10-"
1.9 x 10-'°
2.5 x 10'10

6.8 x 10 I0

1.3 x 10"
1.5 x 10-'°
2.0 x 10 I0

4.6 x 10 m

1.8 x 10"
6.1 x 10-'°
6.1 x 10-9

5.3 x 10-'°
1.1 x lO'9

8.5 x 10-'°
1.1 x 10'8

1.9 x 10-'2
6.0 x 10-'2

4.3 x 10'"

2.2 x lO"10

3.3 x 10'10

8.4 x 10-'°

1.7 x 1Q-"
2.2 x 10-"
1.8 x 1Q-"
2.4 x 10-"
3.0 x 10-'°
3.7 x 10"10

1.1 x 10 9

1.7 x 10 9

2.4 x 10'10

3.0 x 10-'°
7.0 x 10 l()

1.8 x 10 9

8.8 x 10-'°
4.8 x ID'9

7.3 x 10-'°
1.2 x ID'9

1.2 x ID'9
7.9 x lO'9

2.6 x 10'12

4.6 x 10'12

0.300
0.010
0.300
0.010
0.300
0.010
0.300
0.010

0.800

0.800

0.800

0.800

0.800

0.800

0.800

0.800

0.800

0.800

7.6 x 1Q-"
8.2 x 1Q-"
4.4 x 10'10

5.0 x 10-'°
6.3 x 10-'°
7.1 x 10'10

2.1 x 10-9

2.3 x 10-9

2.2 x 10-"

2.5 x ID'"

4.2 x ID'10

1.4 x 10-9

2.7 x 10'10

1.0 x ID'9

1.5 x ID'9

1.5 x lO'9

2.2 x lO'9

5.1 x lO'12



Nuclide

Re- 188

Re- 188m

Re- 189

Osmium
Os-180

Os-181

Os-182

Os-185

Os-189m

Os-191

Physical
half-life Type

17.0 h F
M

0.3 10 h F
M

1.01 d F
M

0.366 h F
M
S

1.75 h F
M
S

22.0 h F
M
S

94.0 d F
M
S

6.00 h F
M
S

15.4 d F
M
S

Inhalation

f.

0.800
0.800
0.800
0.800
0.800
0.800

0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010

4
5
1
1
2
4

e

.7

.5

.0

.4

.7

.3

8.8
1
1
3
6

.4

.5

.6

.3
6.6
1
3
3
1
1
1
2

.9

.7

.9

.1

.2

.5

.7
5.1
5
2
1
1

.4

.5

.5

.8

(g)

x
x
X
X

X
X

X
X
X

X
X
X

X
X
X

X
X
X

X

X
X

X
X
X

l »m

,0-.o
io-'°
10-"
10-"
io-'°
io-'°

io-12

10-"
10-"
10-"
10-"
10-"
io-'°
io-'°
,0- io

io-9

io-9

io-9

io-1 2

io-1 2

io-12

io-'°
io-9

io-9

6
7
1
2
4
6

1
2
2

e

.6

.4

.6

.0

.3

.0

.6

.4

.5
6.4
9
1
3
5
5
1
1
1
5
7
7

3
1
1

.6

.0

.2

.0

.2

.4

.0

.1

.2

.6

.9

.5

.3

.5

:(g]

x
x
X
X

X
X

X
X
X

X
X
X

X

X

X

X
X
X

X
X
X

X
X
X

>5Mm

io-'°
io-'°
10-"
10-"
io-'°
io-'°

10-"
10-"
10-"
10-"
10-"
io-'°
io-'°
,0- io
,0-io

io-9

io-9

io-9

io-12

io-1 2

io-12

,0-10
io-9

io-9

Ingestion

f, e(g)

0.800 1.4 x 10'9

0.800 3.0 x 10-"

0.800 7.8 x 10-'°

0.010 1.7 x 10-"

0.010 8.9 x 10-"

0.010 5.6 x 10'10

0.010 5.1 x 10-'°

0.010 1.8 x 10-"

0.010 5.7 x 10-'°



3

4T
*"

It
$

i«r»

Os-191m

Os-193

Os-194

Indium
Ir-182

Ir-184

Ir-185

Ir-186

Ir-186

Ir-187

Ir-188

13.0 h F
M
S

1.25 d F
M
S

6.00 a F
M
S

0.250 h F
M
S

3.02 h F
M
S

14.0 h F
M
S

' 15.8 h F
M
S

1.75 h F
M
S

10.5 h F
M
S

1.73d F
M
S

0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010

0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010

2.6 x 10'"
1.3 x 10'10

1.5 x 10-'°
1.7 x 10'10

4.7 x 10'10

5.1 x lO"10

1.1 x 10'8
2.0 x 10'8
7.9 x 10'8

1.5 x 10'"
2.4 x 10'"
2.5 x 10'"
6.7 x 10'"
1.1 x ID'10

1.2 x ID'10

8.8 x 10-"
1.8 x 10-'°
1.9 x 10'10

1.8 x 10'10

3.2 x 10'10

3.3 x 10-'°
2.5 x 1Q-"
4.3 x 10-"
4.5 x 10-"
4.0 x 10-"
7.5 x ID""
7.9 x 10-"
2.6 x 10'10

4.1 x 10-'°
4.3 x 10-'°

4.1 x 10-"
1.3 x 10-'°
1.4 x lO'10

2.8 x ID'10

6.4 x ID'10

6.8 x 10-'°
1.3 x ID'8
1.3 x lO'8
4.2 x ID'8

2.6 x 10-"
3.9 x 10-"
4.0 x 10-"
1.2 x lO'10

1.8 x ID'10

1.9 x ID'10

1.5 x ID'10

2.5 x ID'10

2.6 x ID'10

3.3 x 10-'°
4.8 x 10-'°
5.0 x 10'10

4.5 x 10-"
6.9 x 10'"
7.1 x 10-"
7.2 x 10'"
1.1 x ID'10

1.2 x 10-'°
4.4 x 10-'°
6.0 x ID'10

6.2 x ID'10

0.010 9.6 x 10-"

0.010 8.1 x 10-'°

0.010 2.4 x 1C'9

0.010 4.8 x 10-"

0.010 1.7 x ID'10

0.010 2.6 x ID'10

0.010 4.9 x 10-'°

0.010 6.1 x 1Q-"

0.010 1.2 x 10-'°

0.010 6.3 x 10-'°



$ (fi?fc) UUvliJi Jja»JI

KI i - j PhysicalNuchde , ,, ... _half-life Type

Ir-189 13.3 d F
M
S

Ir-190 12.1 d F
M
S

Ir-190m 3 .10h F
M

\ S

3 lr-190m 1.20h F
M|J s

Ir-192 74.0 d F
M
S

Ir-192m 2.41 x 102 a F
M
S

Ir-193m 11.9d F
M
S

Ir-194 19.1 h F
M
S

f,

0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010

0.010
0.010
0.010

Inhalation

e(g),,m

1.1 x 10-'°
4.8 x 10'10

5.5 x ID'10

7.9 x lO'10

2.0 x ID'9
2.3 x 10'9

5.3 x 10-"
8.3 x 10-"
8.6 x 10-"
3.7 x 10-'2
9.0 x ID'12

1.0 x 10-"
1.8 x 10-9

4.9 x 1Q-9

6.2 x 1Q-9

4.8 x ID'9

5.4 x 10-9

3.6 x JO'8

1.0 x 10-'°
1.0 x JO'9
1.2 x ID'9

2.2 x ID'10

5.3 x 10'10

5.6 x 10'10

e(g)5,m
i

1.7 x 10-'°
4.1 x 10'10

4.6 x 10-'°
1.2 x ID'9
2.3 x 10~9

2.5 x ID'9

9.7 x 1Q-"
1.4 x 10-'°
1.4 x 10-'°
5.6 x ID'12

1.0 x 10-"
1.1 x 1Q-"
2.2 x 10-9

4.1 x 1Q-9

4.9 x 10-9

5.6 x 10-9

3.4 x 10'9
1.9 x 1Q-8

1.6 x 10-'°
9.1 x 10-'°
1.0 x 10-9

3.6 x ID'10

7.1 x ID'10

7.5 x 10-'°

Ingestion

fi e(g)

0.010 2.4 x 10'10

0.010 1.2 x 10-9

0.010 1.2 x 10-'°

0.010 8.0 x 10-'2

0.010 1.4 x 10'9

0.010 3.1 x 10-'°

0.010 2.7 x 10'10

0.010 1.3 x ID"9



lr-194m

Ir-195

Ir-195m

Platinum
_ Pt-186
5 Pt-188

Pt-189
A Pi-191
i Pt-193
_ Pt-193m
*J Pt-195m
a Pt-197

Pt-197m
Pt-199
Pt-200
Gold
Au-193

Au-194

B

171

2.50

3.80

2.00
10.2
10.9
2.80

d

h

h

h
d
h
d

50.0 a
4.33
4.02
18.3
1.57

0.513
12.5

17.6

1.64

d
d
h
h
h
h

h

d

F
M
S
F
M
S
F
M
S

F
F
F
F
F
F
F
F
F
F
F

F
M
S
F
M
S

0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010

0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010

0.100
0.100
0.100
0.100
0.100
0.100

5.4 x
8.5 x
1.2 x
2.6 X
6.7 x
7.2 x
6.5 x
1.6 x
1.7 x

3.6 x
4.3 x
4.1 x
1.1 x
2.1 x
1.3 x
1.9 x
9.1 x
2.5 x
1.3 x
2.4 x

3.9 x
I . I x
1.2 x
1.5 x
2.4 x
2.5 x

io-9

io-9

io-8

10-"
10-"
10-"
10-"
,0-10
10-io

io-11

,0-10

10-"
,0-io

10-"
,0-io
,0-io

10-"
10-"
10-"
,0-io

10-"
,0-io
,0-io
,0-io
,0-io
,0-io

6.5 x
6.5 x
8.2 x
4.5 x
9.6 x
1.0 x
1.1 x
2.3 x
2.4 x

6.6 x
6.3 x
7.3 x
1.9 x
2.7 x
2.1 x
3.1 x
1.6 x
4.3 x
2.2 x
4.0 x

7.1 x
1.5 x
1.6 x
2.8 x
3.7 x
3.8 x

I O 9

io-9

io-9

10-"
10-"
,0-io
,0-io
,0-io
,0-io

10-"
,0-io

10-"
10-io

10-"
,0-io
,0-io
,0-io

10-"
10-"
,0-io

10-"
10-.o
,0-io
I0-io
,0-10
10-io

0.010

0.010

0.010

0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010

0.100

0.100

2.1 x

1.0 x

2.1 x

9.3 x
7.6 x
1.2 x
3.4 x
3.1 x
4.5 x
6.3 x
4.0 x
8.4 X
3.9 x
1.2 x

1.3 x

4.2 x

io-9

,0-io

,0-.o

10-"
10-io
,0-10
,0-10

10-"
10-io
lO-io
,0-io

10-"
10-"
io-9

,0-io

,0-io



00
CO

Nuclide

Au-195

Au-198

Au-198m

Au-199

Au-200

Au-200m

Au-201

Mercury
Hg-193
(organic)
Hg-193
(inorganic)

Physical
half-life Type

183d F
M
S

2.69 d F
M
S

2.30 d F
M
S

3.14d F
M
S

0.807 h F
M
S

18.7 h F
M
S

0.440 h F
M
S

3.50 h F

3.50 h F
M

fi

0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100

0.400

0.020
0.020

Inhalation

e(g),,m

7.1 x 10-"
1.0 x 10'9
1.6 x 10'9

2.3 x 10-'°
7.6 x 10-'°
8.4 x 10'10

3.4 x lO'10

1.7 x ID"9

1.9 x IO'9

1.1 x lO'10

6.8 x 10-'°
7.5 x ID'10

1.7 x JO'"
3.5 x 10-"
3.6 x 10-"
3.2 x 10'10

6.9 x 10-'°
7.3 x 10-'°
9.2 x 10'12

1.7 x 10-"
1.8 x 10-"

2.6 x 10'"

2.8 x 10'"
7.5 x IQ-"

e(g)s,,m

1.2 x 10-'°
8.0 x ID'10

1.2 x 1C'9

3.9 x lO'10

9.8 x 10-'°
l.l x 10-9

5.9 x ID'10

2.0 x lO'9
1.9 x 10'9

1.9 x 10-'°
6.8 x 10-'°
7.6 x 10-'°
3.0 x 10'"
5.3 x 10-"
5.6 x 10-"
5.7 x 10-'°
9.8 x 10'10

1.0 x 10'9

1.6 x 10-"
2.8 x 10'"
2.9 x 10-"

4.7 x 10-"

5.0 x 10-"
1.0 x lO'10

(gl3) LJU-^liJI JjJuaJt

Ingestion

fi e(g)

0.100 2.5 x lO'10

0.100 1.0 x 10-9

0.100 1.3 x 1C'9

0.100 4.4 x 10'10

0.100 6.8 x 10'"

0.100 1.1 X 10'9

0.100 2.4 x 10'"

1.000 3.1 x 10-"
0.400 6.6 x 10-"
0.020 8.2 x 10-"



3

j
£

J

ONm

Hg-193m
(organic)
Hg-193m
(inorganic)
Hg-194
(organic)
Hg-194
(inorganic)
Hg-195
(organic)
Hg-195
(inorganic)
Hg-195m
(organic)
Hg-195m
(inorganic)
Hg-197
(organic)
Hg-197
(inorganic)
Hg-197m
(organic)
Hg-197m
(inorganic)
Hg-199m
(organic)
Hg-199m
(inorganic)

11.1 h

11.1 h

2.60 x 102 a

2.60 x 102 a

9.90 h

9.90 h

1.73 d

1.73 d

2.67 d

2.67 d

23.8 h

23.8 h

0.7 10 h

0.7 10 h

F

F
M

F

F
M

F

F
M
F

F
M
F

F
M
F

F
M
F

F
M

0.400

0.020
0.020
0.400

0.020
0.020

0.400

0.020
0.020
0.400

0.020
0.020
0.400

0.020
0.020
0.400

0.020
0.020
0.400

0.020
0.020

1.1 x 10-'°

1.2 x 10-'°
2.6 x 10-'°
1.5 x 10'8

1.3 x 10'8
7.8 x 10'9

2.4 x 10'"

2.7 x 10-"
7.2 x 10'"
1.3 x lO'10

1.5 x 10-'°
5.1 x 10'10

5.0 x 1Q-"

6.0 x 10 "
2.9 x 10-'°
1.0 x 10-'°

1.2 x 10-'°
5.1 x ID'10

1.6 x 10-"

1.6 x 10'"
3.3 x 10-"

2.0 x 10-'°

2.3 x 10-'°
3.8 x 10-'°
1.9 x 1Q-8

1.5 x 1Q-8

5.3 x 10-'
4.4 X 1Q-"

4.8 x 10-"
9.2 x 10-"
2.2 x ID'10

2.6 x 10-'°
6.5 x 10-'°
8.5 x 10-"

1.0 x 10 '«»
2.8 x 10 m

1.8 x 10 1(1

2.1 x 10-'°
6.6 x ID'10

2.7 x 1Q-"

2.7 x 1Q-"
5.2 x 1Q-"

1.000
0.400
0.020

1.000
0.400
0.020

1.000
0.400
0.020

1.000
0.400
0.020

1.000
0.400
0.020

1.000
0.400

0.020

1.000
0.400
0.020

1.3 x 10-'°
3.0 x ID'10

4.0 x ID'10

5.1 x 1Q-8

2.1 x ID'8

1.4 x ID"9

3.4 x 10-"
7.5 x 10-"
9.7 x 10-"

2.2 x ID"10

4.1 x lO'10

5.6 x 10-'°

9.9 x 10-"
1.7 x ID'10

2.3 x 10 I0

1.5 x 10'10

3.4 x ID'10

4.7 x 10-'°

2.8 x 1Q-"
3.1 x ID'11

3.1 x 10-"



3

(^15) lim-^tiJI Jja*JI

Nuclide

Hg-203
(organic)
Hg-203
(inorganic)
Thallium
Tl-194
Tl-194m
Tl-195
Tl-197
Tl-198
Tl-198m
Tl-199
Tl-200
TI-201
Tl-202
TI-204

Lead
Pb-195m
Pb-198
Pb-199
Pb-200
Pb-201

Physical
half-life

46. 6 d

46.6 d

0.550 h
0.546 h

1.16h
2.84 h
5.30h
1.87h
7.42 h
1.09d
3.04 d
12.2 d
3. 78 a

0.263 h
2.40h
l . S O h
21.5 h
9.40 h

Type

F

F
M

F
F
F
F
F
F
F
F
F
F
F

F
F
F
F
F

f'

0.400

0.020
0.020

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

0.200
0.200
0.200
0.200
0.200

Inhalation

e(g)|Mm

5.7 x ID'10

4.7 x 10-'°
2.3 x 10-9

4.8 x 10-'2

2.0 x 10-"
1.6 x 10-"
1.5 x 10-"
6.6 x 10-"
4.0 x 10-"
2.0 x 10-"
1.4 x 10 I0

4.7 x 10-"
2.0 x IO'10

4.4 x lO'10

1.7 x 10-"
4.7 x lO'"
2.6 x 10-"
1.5 x 10-'°
6.5 x 10-"

Ingestion

e(g)5,m

7.5 x 10'10

5.9 x 10'10

1.9 x 1Q-9

8.9 x 10-'2

3.6 x 10-"
3.0 x 10-"
2.7 x 1Q-"
1.2 x 10-'°
7.3 x 10-"
3.7 x 10-"
2.5 x 10-'°
7.6 x 10'"
3.1 x 10-'°
6.2 x 10-'°

3.0 x 10'"
8.7 x 10-"
4.8 x 1Q-"
2.6 x 10-'°
1.2 x 10-'°

f.

1.000
0.400
0.020

1.000
1.000
1.000
1.000
1.000
1. 000
1.000
1.000
1.000
1.000
1.000

0.200
0.200
0.200
0.200
0.200

e(g)

1.9 x lO'9
1.1 x lO'9

5.4 x lO'10

8.1 x ID'12

4.0 x 10-"
2.7 x 10-"
2.3 x 10-"
7.3 x 10-"
5.4 x 10-"
2.6 x 10-"
2.0 x 10-'°
9.5 x 10-"
4.5 x 10-'°
1.3 x ID'9

2.9 x 10-"
1.0 x 10-'°
5.4 x 10'"
4.0 x ID'10

1.6 x 10-'°



Pb-202
Pb-202m
Pb-203
Pb-205
Pb-209
Pb-210
Pb-211
Pb-212
Pb-214

g Bismuth
•\ Bi-200

^J Bi-201

_ Bi-202

5 Bi-203

Bi-205

Bi-206

Bi-207

Bi-210

Bi-210m
**

3.00 x 105 a
3.62 h
2.17 d

1.43 x 107 a
3.25 h
22.3 a

0.601 h
10.6 h

0.447 h

0.606 h

l . S O h

1.67h

11.8 h

15.3 d

6.24 d

38.0-a

5.01 d

3.00 x 106 a

F
F
F
F
F
F
F
F
F

F
M
F
M
F
M
F
M
F
M
F
M
F
M
F
M
F
M

0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200

0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050

1.1 x 1Q-8

6.7 x 10 "
9.1 x 10 "
3.4 x 10'10

1.8 x 10-"
8.9 x 10'7

3.9 x ID'9

1.9 x IO'8

2.9 x 10-'

2.4 x 10-"
3.4 x 1Q-"
4.7 x 10-"
7.0 x 10-"
4.6 x 10-"
5.8 x 10-"
2.0 x ID'10

2.8 x 10'10

4.0 x I0 - l n

9.2 x 10-'°
7.9 x 10-'°
1.7 x lO"9

5.2 x ID'10

5.2 x 10-9

1.1 x 10-9

8.4 x 10-*
4.5 x lO'8

3.1 x 10~6

1.4 x 10 8

1.2 x 10-'"
1.6 x 10 l()

4.1 x ID'10

3.2 x 10-"
1.1 x 10 6

5.6 x ID'9

3.3 x 10-R

4.8 x 10 9

4.2 x 10-"
5.6 x 10-"
8.3 x 10-"
1.1 x 10'10 •
8.4 x 1Q-"
1.0 x ID'10

3.6 x 10-'°
4.5 x 10-'°
6.8 x 10 10

1.0 x 10-9

1.3 x lO'9
2.1 x 10'9

8.4 x ID'10

3.2 x lO'9

1.4 x ID'9
6.0 x ID'8

5.3 x 10'8
2.1 x ID'6

0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200

0.050

0.050

0.050

0.050

0.050

0.050

0.050

0.050

0.050

8.7 x 10'9

1.3 x 10-'°
2.4 x 10-'°
2.8 x 10-'°
5.7 x 10*"
6.8 x 10-7

1.8 x 10-'°
5.9 x lO'9

1.4 x lO"10

5.1 x 1Q-"

1.2 x 10'10

8.9 x 1Q-"

4.8 x lO'10

9.0 x 10-'°

1.9 x 10-9

1.3 x ID'9

1.3 x ID'9

1.5 x 10'8



Nuciide

Bi-212

Bi-213

Bi-214

Polonium
Po-203

Po-205

Po-207

Po-210

Astatine
At-207

At-211

Francium
Fr-222
Fr-223

Physical
half-life

1.01

0.761

0.332

0.612

1.80

5.83

138

1.80

7.21

0.240
0.363

h

h

h

h

h

h

d

h

h

h
h

Type

F
M
F
M
F
M

F
M
F
M
F
M
F
M

F
M
F
M

F
F

f.

0.050
0.050
0.050
0.050
0.050
0.050

0.100
0.100
0.100
0.100
0.100.
0.100
0.100
0.100

1.000
1.000
1. 000
1.000

• 1.000
1.000

Inhalation

e(g)

9.3 x
3.0 x
1.1 x
2.9 x
7.2 x
1.4 x

2.5 x
3.6 x
3.5 x
6.4 x
6.3 x
8.4 x
6.0 x
3.0 x

3.5 x
2.1 x
1.6 x
9.8 x

1.4 x
9.1 x

,„-,

io-9

io-8

io-8

io-8

io-9

io-8

10-"
io-11

10-"
10-"
10-"
10-"
io-7

io-6

io-10

io-9

io-8

io-8

io-8

io-'°

c(g;
1.5 x
3.9 x
1.8 x
4.1 x
1.2 x
2.1 x

4.5 x
6.1 x
6.0 x
8.9 x
1.2 x
1.5 x
7.1 x
2.2 x

4.4 x
1.9 x
2.7 x
1.1 x

2.1 x
1.3 x

»

io-8

io-8

io-8

10 8

io-8

10'8

10-"
10-"
io-"
10-"
io-'°
10-io

io-7

10 6

10-io
io-9

io-8

io-7

io-8

io-9

ft
0.050

0.050

0.050

0.100

0.100

0.100

0.100

1.000

1.000

1.000
1.000

Ingestion

2.6

2.0

1.1

5.2

5.9

1.4

2.4

2.3

1.1

7.1
2.3

e(g)

x 10-'°

x 10-'°

x lO'10

x 10-"

x 10-"

x ID'10

x ID'7

x ID'10

x lO'8

x 10-'°
x ID'9



3

to

Radium
Ra-223
Ra-224
Ra-225
Ra-226
Ra-227
Ra-228
Actinium
Ac-224

Ac-225

Ac-226

Ac-227

Ac-228

Thorium
Th-226

Th-227

11.4d M
3.66 d M
14.8 d M

1.60 x IO3 a M
0.703 h M

5.75 a M

2.90h F
M
S

10.0 d F
M
S

1.21 d F
M
S

21. 8 a F
M
S

6.13 h F
M
S

0.515 h M
S

18.7 d M
S

0.200
0.200
0.200
0.200
0.200
0.200

5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0

5.0
2.0
5.0
2.0

x
x
X

X
X
X

X
X
X

X
X
X

X
X
X

X
X

X
X

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

6.9 x 10"6

2.9 x 10'6

5.8 x 10'6

3.2 x ID'6

2.8 x 10-'°
2.6 x 10'6

1.1 x IO'8
1.0 x 10'7
1.2 x 10'7

8.7 x ID'7
6.9 x 10'6
7.9 x 10'6

9.5 x 10'8
1.1 x 10'6
1.2 x 10'6

5.4 x ID'4
2.1 x ID'4
6.6 x 10'5

2.5 x 10'8
1.6 x 10'8
1.4 x 10'8

5.5 x 10~8

5.9 x 10-R

7.8 x 10"6

9.6 x ID'6

5.7 x
2.4 x
4.8 x
2.2 x
2.1 x
1.7 x

1.3 x
8.9 x
9.9 x
1.0 x
5.7 x
6.5 x
2.2 x
9.2 x
1.0 x
6.3 x
1.5 x
4.7 x
2.9 x
1.2 x
1.2 x

7.4 x
7.8 x
6.2 x
7.6 x

io-6

io-6

ID'6

10'6

10-io

io-6

io-R

io-8

10'8

io-6

io-6

io,-6

io-7

io-7

10'6

io-4

io-4

IO'5

10'8
io-K

io-8

io-8

io-8

io-6

io-6

0.200
0.200
0.200
0.200
0.200
0.200

5.0 x

5.0 x

5.0 x

5.0 x

5.0 x

5.0 x
2.0 x
5.0 x
2.0 x

io-4

io-4

io-4

io-4
*

io-4

io-4

io-4

io-4

io-4

1.0 x
6.5 x
9.5 x
2.8 x
8.4 x
6.7 x

7.0 x

2.4 x

1.0 x

1.1 x

4.3 x

3.5 x
3.6 x
8.9 x
8.4 x

io-7

io-8

io-8

io-7

10-"
io-7

,0-io

io-8

io-8

10"6

,0-io

,0-io
,0-io

ID'9
JO'9



•̂̂

Nuclide

Th-228

Th-229

Th-230

Th-231

"̂  Th-2323
•3 Th-234

Protactinium
Pa-227

Pa-228

Pa-230

Pa-231

Pa-232

Physical
half-life

1.91 a

7.34 x 10' a

7.70 x IO4 a

1.06d

1.40 x 10'° a

24.1 d

0.638 h

22.0 h

17.4 d

3.27 x IO4 a

1.31 d

Type

M
S

M
S

M
S
M
S
M
S

M
S

M
S
M
S
M
S
M
S
M
S

fi

5.0 x
2.0 x
5.0 x
2.0 x
5.0 x
2.0 x
5.0 x
2.0 x
5.0 x
2.0 x
5.0 x
2.0 x

5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x

io-4

io-4

io-4

10 4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

Inhalation

e(g)

3.1 x
3.9 x
9.9 x
6.5 x
4.0 x
1.3 x

2.9 x
3.2 x
4.2 x
2.3 x
6.3 x
7.3 x

7.0 x
7.6 x
5.9 x
6.9 x
5.6 x
7.1 x
1.3 x
3.2 x
9.5 x
3.2 x

Ingestion

• I , m

io-5

io-5

io-5

io-5

io-5

,0-m
,0-10

io-5

io-5

io-9

io-9

io-8

1Q-8

io-8

IO-8

io-7

io-7

io-4

io-5

io-9

io-9

c(g;

2.3 x
3.2 x
6.9 x
4.8 x

2.8 X
7.2 X

3.7 X
4.0 x
2.9 x
1.2 x
5.3 x
5.8 x

9.0 x
9.7 x
4.6 x
5.1 X
4.6 x
5.7 x
8.9 x
1.7 x
6.8 x
2.0 x

>.<„«,

io-5

io-5

io-5

10 5

io-5

io-6

,0-10
10-io

io-5

io-5

io-9

io-9

ID'8
10'8

io-8

io-8

io-7

io-7

io-5

10-'

io-9

io-9

f.
5.0 x
2.0 x
5.0 x
2.0 x
5.0 x
2.0 x
5.0 x
2.0 x
5.0 x
2.0 x
5.0 x
2.0 x

5.0 x

5.0 x

5.0 x

5.0 x

5.0 x

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

e(g)

7.0 x lO'8
3.5 x 10'8

4.8 x IO-7

2.0 x 10"7

2.1 x IO-7

8.7 x 10"8

3.4 x 10-'°
3.4 x 10-'°
2.2 x ID'7
9.2 x 10'8

3.4 x JO'9
3.4 x 10-'

4.5 x 10-'°

7.8 x 10-'°

9.2 x 10'10

7.1 x ID'7

7.2 x 10'10



3

J

Pa-233

Pa-234

Uranium
U-230

U-23I

U-232

U-233

U-234

U-235

U-236

U-237

27.0 d M
S

6.70 h M
S

20.8 d F
M
S

4.20 d F
M
S

72.0 a F
M
S

1.58 x IO5 a F
M
S

2.44 x 10s a F
M
S

7.04 X IO8 a F
M
S

2.34 x 107a F
M
S

6.75 d F
M
S

5.0 x 10 4

5.0 x 10 4

5.0 x 10 4

5.0 x 10'4

0.020
0.020
0.002

0.020
0.020
0.002

0.020
0.020
0.002

0.020
0.020
0.002

0.020
0.020
0.002

0.020
0.020
0.002

0.020
0.020
0.002

0.020
0.020
0.002

3.1 x
3.7 x
3.8 x
4.0 x

3.6 x
1.2 x
1.5 x

8.3 x
3.4 x
3.7 x

4.0 x
7.2 x
3.5 x
5.7 x
3.2 x
8.7 x
5.5 x
3.1 x
8.5 x
5.1 x
2.8 x
7.7 x

5.2 x
2.9 x
7.9 x

1.9 x
1.6 x
1.8 x

10"
10"
, 0 -u i
10 l()

t o - 7

10 5

10'

io-"
10 I0

, , ,-in

10"
io-h

io-5

io-7

io-6

10'6

io-7

10'6
io-6

io-7

10'6

10 6

io-7

io-6

io-6

1 0- io
io-9

10-"

2.8
3.2
5.5
5.8

4.2
1.0
1.2

1.4
3.7
4,0

4.7
4.8
2.6

6.6
2.2
6.9
6.4
2.1
6.8

6.0
1.8
6.1

6.1
1.9
6.3

3.3
1.5
1.7

x
X

X

X

X
X

X

X

X

X

X

X
X

X
X

X

X
X
X

X

X
X

X
X
X

X
X
X

1 0 "
10"
1 0 - in
10 "'

io-7

10 ?

io-5

,0 -10
10 "'
10 I0

10 (1

io-6

io-5

io-7

io-6

io-6

io-7

10'6
io-6

io-7

10 6

io-6

io-7

io-6

10 6

,0-.o
io-9

io-9

5.0 x 10 4

5.0 x IO"4

0.020
0.002

0.020
0.002

0.020
0.002

0.020
0.002

0.020
0.002

0.020
0.002

0.020
0.002

0.020
0.002

8.7

5.1

5.5
2.8

2.8
2.8

3.3
3.7

5.0
8.5

4.9
8.3

4.6
8.3

4.6
7.9

7.6
7.7

x

x

X
X

X
X

X

X

X
X

X
X

X
X

X
X

X
X

,0-m

,0-m

io-8

lO"8

,0-io
,0-io

io-7

io-8

io-8

io-9

io-8

io-9

io-8

io-9

io-8

io-9

10-io
,0-io



(sis) nm-^tiji jja»ji

Nuclide

U-238

U-239

U-240

Neptunium
Np-232
Np-233
Np-234
Np-235
Np-236
Np-236
Np-237
Np-238
Np-239
Np-240

Plutonium
Pu-234

Physical
half-life

4.47 x 109 a

0.392 h

14.1 h

0.245 h
0.603 h

4.40 d
1.08 a

1.15 x 105 a
22.5 h

2.14 x 106 a
2.12 d
2.36d
1.08 h

8.80 h

Type

F
M
S
F
M
S
F
M
S

M
M
M
M
M
M
M
M
M
M

M
S

f'

0.020
0.020
0.002
0.020
0.020
0.002
0.020
0.020
0.002

5.0 x 10'4

5.0 x 10-4

5.0 x lO'4

5.0 x 10-4

5.0 x 10-4

5.0 x 1Q-4

5.0 x ID'4

5.0 x 1Q-4

5.0 x 10-4

5.0 x 10 4

5.0 x IQ-4

1.0 x 10"*

Inhalation

e(g),,m

4.9 x 10'7
2.6 x ID'6
7.3 x 10-6

1.1 x 10-"
2.3 x 10-"
2.4 x 10-"
2.1 x 10-'°
5.3 x ID'10

5.7 x ID'10

4.7 x 10-"
1.7 x 10-'2

5.4 x 10-'°
4.0 x 10'10

3.0 x 1Q-6

5.0 x 10'9

2.1 x 10-5

2.0 x 1Q-9

9.0 x ID'10

8.7 x 10 "

1.9 x 1Q-8

2.2 x 10-"

Ingestion

e(g)5,n,

5.8 x 10-7

1.6 'X 10-6

5.7 x 10-6

1.8 x 10 "
3.3 x 10-"
3.5 x 10-"
3.7 x 10-'°
7.9 x 10-'°
8.4 x 10'10

3.5 x 10-"
3.0 x 10-'2

7.3 x 10'10

2.7 x 10-'°
2.0 x 1Q-6

3.6 x 10-9

1.5 x 10-5

1.7 x 10-9

1.1 x ID"9

1.3 x 10 10

1.6 x 10-8

1.8 x 10-"

f,

0.020
0.002

0.020
0.002

0.020
0.002

5.0 x IQ-4

5.0 x ID'4

5.0 x 10-4

5.0 x 10-4

5.0 x 10-4

5.0 x 10-4

5.0 x ID'4

5.0 x 10-4

5.0 x tO"4

5.0 x 10 4

5.0 x 10"4

1.0 x lO'5
1.0 x 10 4

e(g)

4.4 x 10-8

7.6 x ID'9

2.7 x 10-"
2.8 x 10-"

1.1 x 10'9
1.1 x 10'9

9.7 x 10'12

2.2 x 10-12

8.1 x 10-'°
5.3 x 10-"
1.7 x 10"8

1.9 x 10"10

1.1 x ID'7

9.1 x lO'10

8.0 x 10'10

8.2 x 10-"

1.6 x 10-'°
1.5 x 10-'°
1.6 x 1Q-10



Pu-235

Pu-236

Pu-237

Pu-238

3
r Pu-239

4̂
 Pu-240

Pu-241

Pu-242

Pu-243

Pu-244

0.422 h

2.85 a

45.3 d

87.7 a

2.41 x IO4 a

6.54 x IO3 a

14.4 a

3.76 x 10s a

4.95 h

8.26 x IO7 a

M
S

M
S

M
S

M
S

M
S

M
S

M
S

M
S

M
S

M
S

5.0
1.0

5.0
1.0

5.0
1.0

5.0
1.0

5.0
1.0

5.0
1.0

5.0
1.0

5.0
1.0

5.0
1.0

5.0
1.0

x
X

X

X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

io-4

io-5

io-4

io-5

io-4

io-5

io-4

io-5

io-4

io-5

io-4

io-5

io-4

io-5

io-4

io-5

io-4

io-5

io-4

io-5

1.5 x
1.6 x

1.8 x
9.6 x

3.3 x
3.6 x

4.3 x
1.5 x

4.7 x
1.5 x

4.7 x
1.5 x

8.5 x
1.6 x

4.4 x
1.4 x

8.2 x
8.5 x

4.4 x
1.3 x

I 0 ' :

io - 1 2

io-5

10'6

io-'°
,0-io

io-5

io-5

io-5

io-5

io-5

io-5

io-7

io-7

io-5

io-5

10-"
io- 1 1

io-5

io-5

2.5 x
2.6 x

1.3 x
7.4 x

2.9 x
3.0 x

3.0 x
1.1 x

3.2 x
8.3 x

3.2 x
8.3 x

5.8 x
8.4 x

3.1 x
7.7 x

1.1 x
1.1 x

3.0 x
7.4 x

10 '*
10 |:

io-5

10 6

,0-m
,0-io

io-5

io-5

io-5

io-6

io-5

10'6

io-7

io-8

io-5

io-6

,0-m
10-io

io-s

io-6

5.0 x
1.0 x
1.0 x
5.0 x
1.0 x
1.0 x
5.0 x
1.0 x
1.0 x
5.0 x
1.0 x
1.0 x
5.0 x
1.0 x
1.0 x
5.0 x
1.0 x
1.0 x
5.0 x
1.0 x
1.0 x
5.0 x
1.0 x
1.0 X

5.0 x
1.0 x
1.0 x
5.0 x
1.0 x
1.0 x

I O 4

io-5

io-4

io-4

io-5

io-4

io-4

io-5

io-4

io-4

io-5

io-4

io-4

io-5

io-4

io-4

io-5

io-4

io-4

io-5

io-4

io-4

io-5

io-4

io-4

io-5

io-4

io-4

io-5

io-4

2.1 x 10'12

2.1 x 10-'2
2.1 x 1Q-'2

8.6 x 10'8
6.3 x ID"9

2.1 x IO-8

1.0 x 10-'°
1.0 x lO'10

1.0 x 10-'°
2.3 x IO-7

8.8 x ID"9

4.9 x ID'8

2.5 X ID'7
9.0 X 10'9
5.3 x IO-8

2.5 x ID"7

9.0 x ID'9
5.3 x 10'8

4.7 x IO-9

1.1 x 10'10

9.6 x 10-'°
2.4 x ID'7
8.6 x lO'9
5.0 x 10'8

8.5 x 10-"
8.5 x 10-"
8.5 x 10-"
2.4 x IO-7

1.1 x ID'8
5.2 x ID'8



oo
v-H

3•j

Nuclide

Pu-245

Pu-246

Americium
Am-237
Am-238
Am-239
Am-240
Am-241
Am-242
Am-242m
Am-243
Am-244
Am-244m
Am-245
Am-246
Am-246m

Curium
Cm-238
Cm-240

Physical
half-life

10.5

10.9

1.22
1.63
11.9
2.12

4.32 x IO2

16.0
1.52 x IO2

7.38 x IO3

10.1
0.433

2.05
0.650
0.417

2.40
27.0

Inhalation

h

d

h
h
h
d
a
h
a
a
h
h
h
h
h

h
d

Type

M
S

M
S

M
M
M
M
M
M
M
M
M
M
M
M
M

M
M

f,

5.0 x
1.0 x

5.0 x
1.0 x

5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x

5.0 x
5.0 x

io-4

io-5

io-4

io-5

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

e(g) lMm

4.5 x ID"10

4.8 x lO'10

7.0 x ID'9
7.6 x ID'9

2.5 x 10-"
8.5 x 10'"
2.2 x 10-'°
4.4 x ID'10

3.9 x 10"5

1.6 x 1Q-"
3.5 x 10"5

3.9 x ID'5

1.9 x 10'9

7.9 x 1Q-"
5.3 x 1Q-"
6.8 x 10'"
2.3 x 10-"

4.1 x lO'9

2.9 x 10~6

e(g;
1

6.1 x
6.5 x

6.5 x
7.0 x

3.6 x
6.6 x
2.9 x
5.9 x
2.7 x
1.2 x
2.4 x
2.7 X
1.5 x
6.2 x
7.6 x
1.1 x
3.8 x

4.8 x
2.3 x

>S(-n

,0-io
,0-10

io-9

io-9

10-"
10-"
,0-io
,0-m

io-5

io-8

io-5

io-5

io-9

10-"
10-"
,0-10

10-"

io-9

10'6

Ingestion

f>

5.0 x 10"4

1.0 x 1Q-5

1.0 x ID'4

5.0 x 10"4

1.0 x 10'5
1.0 x 1Q-4

5.0 x 10'4

5.0 X ID'4

5.0 x IO-4

5.0 x 10-"
5.0 x 1Q-4

5.0 x IO-4

5.0 x 10-"
5.0 x lO'4

5.0 x 1Q-4

5.0 x IO-4

5.0 x ID'4

5.0 x ID'4

5.0 x 1Q-4

5.0 x 10'4

5.0 x 10'4

e(g)

7.2 x 10-'°
7.2 x 10-'°
7.2 x lO'10

3.3 x IO-9

3.3 x 1C'9
3.3 x ID'9

1.8 x 10-"
3.2 x 10'"
2.4 x 10-'°
5.8 x 10-'°
2.0 x lO'7

3.0 x 10-'°
1.9 x 10'7

2.0 x 10'7

4.6 x lO'10

2.9 x 10-"
6.2 x 10-"
5.8 x 10-"
3.4 x 10-"

8.0 x 10-"
7.6 x ID'9
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Cm-241
Cm-242
Cm-243
Cm-244
Cm-245
Cm-246
Cm-247
Cm-248
Cm-249
Cm-250

Berkelium
Bk-245
Bk-246
Bk-247
Bk-249
Bk-250

Californium
Cf-244
Cf-246
Cf-248
Cf-249
Cf-250
Cf-251
Cf-252
Cf-253
Cf-254

32.8
163

28.5
18.1

8.50 x 103

4.73 x IO3

1.56 x 107

3.39 x 10s

1.07
6.90 x 103

4.94
1.83

1.38 x 103

320
3.22

0.323
1.49
334

3.50 x 102

13.1
8.98 x 102

2.64
17.8
60.5

d
d
a
a
a
a
a
a
h
a

d
d
a
d
h

h
d
d
a
a
a
a
d
d

M
M
M
M
M
M
M
M
M
M

M
M
M
M
M

M
M
M
M
M
M
M
M
M

5.0 x ID'4

5.0 x IO"1

5.0 x IO-4

5.0 x 1Q-4

5.0 x IO'4

5.0 x 10-4

5.0 x IO-4

5.0 x 10~4

5.0 X 10-"
5.0 x 10"4

5.0 x 10-4

5.0 x 10-4

5.0 x 10-4

5.0 x IO-4

5.0 x 10-4

5.0 x 10-4

5.0 x 10-4

5.0 x lO'4

5.0 x 10-4

5.0 x 10-4

5.0 x IO-4

5.0 x 10-4

5.0 x 10-4

5.0 x ID'4

3.4 x
4.8 x

2.9 x
2.5 x
4.0 x
4.0 x
3.6 x
1.4 x
3.2 x
7.9 x

2.0 x
3.4 x
6.5 x
1.5 x
9.6 x

1.3 x
4.2 x
8.2 x
6.6 x
3.2 x
6.7 x
1.8 x
1.2 x
3.7 x

ID'8

10'6

IO- 5

io- 5

io-5

IO- 5

io-5

io-4

io - 1 1

i o - 4

io-9

,0-io

io-5

io-7

io-'°

10'8

io-7

io-6

io-5

io-5

io-5

io-5

io-6

io-5

2.6 x
3.7 x
2.0 x
1.7 x
2.7 x
2.7 x
2.5 x
9.5 x
5.1 x
5.4 x

1.8 x
4.6 x
4.5 x
1.0 x
7.1 x

1.8 x
3.5 x
6.1 x
4.5 x
2.2 x
4.6 x
1.3 x
1.0 x
2.2 x

io-8

10 6

io-5

io-5

io-5

io-5

I O 5

io-5

io- 1 1

10 -4

io-9

io-10

io-5

io-7

io-'°

io-8

io-7

10'6

io-5

io-5

io-5

io-5

io-6

io-5

5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x

5.0 x
5.0 x
5.0 x
5.0 x
5.0 x

5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x

io-4

I O 4

io-4

io-4

io-4

io-4

io-4

io-4

I O 4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

9.1 x 10-'°
1.2 x ID'8

1.5 x IO-7

1.2 x IO-7

2.1 x JO'7

2.1 x IO-7

1.9 x IO-7

7.7 x IO-7

3.1 x 10-"
4.4 x 10'6

5.7 x ID'10

4.8 x 10-'°
3.5 x ID'7

9.7 x 10-'°
1.4 x 10'10

7.0 x 1Q-"
3.3 x ID"9

2.8 x 10'8

3.5 x 10'7

1.6 x 10'7

3.6 x IO-7

9.0 x ID'8

1.4 x 1Q-9

4.0 x 10'7
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Nuclide

Einsteinium
Es-250
Es-251
Es-253
Es-254
Es-254m
Fermium
Fm-252
Fm-253
Fm-254
Fm-255
Fm-257
Mendelevium
Md-257
Md-258

Physical
half-life

2.10h
1.38 d
20.5 d
276 d
1.64 d

22.7 h
3.00 d
3.24 h
20.1 h

101 d

5.20h
55.0 d

Type

M
M
M
M
M

M
M
M
M
M

M
M

f.

5.0 x JO'4

5.0 x 10-4

5.0 x 10'4

5.0 x 10'4

5.0 x 10-4

5.0 x 10~4

5.0 x 1Q-4

5.0 x ID'4

5.0 x 10-4

5.0 x 10'4

5.0 x 10'4

5.0 x 10-4

Inhalation

e(g)|Mn,

5.9 x lO'10

2.0 X ID'9

2.5 x 10'6

8.0 x ID'6

4.4 x 10"7

3.0 x lO'7

3.7 x 10-7

5.6 x 1Q-8

2.5 x IQ-7

6.6 x 10'6

2.3 x 1Q-8

5.5 X 10-6

(£13) UJU-<^liJI Jja*JI

Ingestion

c(g),,,m

4.2 x 10 l l)

1.7 X JO'9

2.1 x ID'6

6.0 x 10'6

3.7 x lO-7

2.6 x 10-7

3.0 x 10-7

7.7 x 10-8

2.6 x lO"7

5.2 x 10-6

2.0 x 10'8

4.4 x 10-6

fl
5.0 x JO'4

5.0 x 10'4

5.0 x ID'4

5.0 x 10'4

5.0 x 1Q-4

5.0 x 10-4

5.0 x 10'4

5.0 x 10'4

5.0 x 10'4

5.0 x 10'4

5.0 x 10"4

5.0 x 10-4

e(g)

2.1 x 1Q-11

1.7 X 10-'°
6.1 x 10'9

2.8 x 10'8

4.2 x JO'9

2.7 x 10'9

9.1 x 10'10

4.4 x 10'10

2.5 x 10'9

1.5 x 10-"

1.2 x 10'10

1.3 x 10'8
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Element

Hydrogen

Beryllium

Carbon

Fluorine

Sodium

Magnesium

Aluminium

Silicon

Phosphorus

Sulphur

Chlorine

Potassium

Calcium

Scandium

Titanium

Vanadium

Chromium

Manganese

Iron

Cobalt

Nickel

Copper

Zinc

Gallium

Gut transfer factor
f,

1.000
1.000

0.005

1.000

1.000

1.000

0.500

0.010

0.010

0.800

0.800
0.100
1.000

1.000

1.000

0.300

1.0 x 10'4

0.010

0.010

0.100
0.010

0.100

0.100

0.100
0.050

0.050

0.500

0.500

o.ool

Compounds

Tritiated water (ingested)
Organically bound tri t ium

All compounds

Labelled organic compounds

All compounds

All compounds

All compounds

All compounds

All compounds

All compounds

Inorganic compounds
Elemental sulphur
Organic sulphur

All compounds

All compounds

AH compounds

All compounds

All compounds

Ail compounds

Hexavalent compounds
Trivalent compounds

All compounds

AH compounds

All unspecified compounds
Oxides, hydroxides, and inorganic compounds

All compounds

AH compounds

All compounds

All compounds
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Element

Germanium

Arsenic

Selenium

Bromine

Rubidium

Strontium

Yttrium

Zirconium

Niobium

Molybdenum

Technetium

Ruthenium

Rhodium

Palladium

Silver

Cadmium

Indium

Tin

Antimony

Tellurium

Iodine

Caesium

Barium

Lanthanum

Cerium

Praseodymium

Neodymium

Gut transfer factor

f,

1.000

0.500

0.800
0.050

1.000

1.000

0.300
0.010

1.0 x IQ-4

0.002

0.010

0.800
0.050

0.800

0.050

0.050

0.005

0.050

0.050

0.020

0.020

0.100

0.300

1.000

1.000

0.100

5.0 x IQ-4

5.0 x 10-4

5.0 x 10^

5.0 x 10"*

Compounds

All compounds

All compounds

All unspecified compounds
Elemental selenium and selenides

All compounds

All compounds

All unspecified compounds
Strontium titanate (SrTiO^)

All compounds

All compounds

All compounds

All unspecified compounds
Molybdenum sulphide

All compounds

All compounds

All compounds

All compounds

All compounds

All inorganic compounds

All compounds

All compounds

All compounds

All compounds

All compounds

All compounds

All compounds

All compounds

All compounds

All compounds

All compounds
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Element

Promethium

Samarium

Europium

Gadolinium

Terbium

Dysprosium

Holmium

Erbium

Thulium

Ytterbium

Lutetium

Hafnium

Tantalum

Tungsten

Rhenium

Osmium

Iridium

Platinum

Gold

Mercury

Mercury

Thallium

Lead

Bismuth

Polonium

Astatine

Francium

Radium

Gut transfer factor
f,

5.0 x 10-4

5.0 x ID'4

5.0 x ID'4

5.0 x 10-4

5.0 x 10-4

5.0 x 10'4

5.0 x JO'4

5.0 x 10"4

5.0 x ]Q-4

5.0 x IO'4

5.0 x JO'4

0.002

0.001

0.300
0.010

0.800

0.010

0.010

0.010

0.100

0.020

1.000
0.400

1.000

0.200

0.050

0.100

1.000

1.000

0.200

All compounds

All compounds

All compounds

All compounds

All compounds

All compounds

All compounds

All compounds

All compounds

All compounds

All compounds

All compounds

All compounds

All unspecified
Tungstic acid

All compounds

All compounds

All compounds

All compounds

All compounds

Compounds

compounds

All inorganic compounds

Methyl mercury
All unspecified organic compounds

All compounds

All compounds

All compounds

AH compounds

All compounds

All compounds

AH compounds
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Element

Actinium

Thorium

Protactinium

Uranium

Neptunium

Plutonium

Americium

Curium

Berkelium

Californium

Einsteinium

Fermium

Mendelevium

Gut transfer factor
f,

5.0 x JO"4

5.0 x JO"4

2.0 x JO"4

5.0 x 1Q-4

0.020
0.002

5.0 x 10-*

5.0 x \0^
1.0 x 1Q-4

1.0 x 10'5

5.0 x 10"*

5.0 x 10^*

5.0 x 1Q-4

5.0 x 1Q-*

5.0 x 1Q-4

5.0 x 1Q-4

5.0 x lO'4

Compounds

All compounds

All unspecified compounds
Oxides and hydroxides

All compounds

All unspecified compounds
Most tetravalent compounds, e.g., UO2, U3Og, UF4

All compounds

All unspecified compounds
Nitrates
Insoluble oxides

All compounds

All compounds

AH compounds

All compounds

All compounds

All compounds

All compounds
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f, JltoVl i

ii*jJ» 0-6

Element

Beryllium

Fluorine

Sodium

Magnesium

Aluminium

Silicon

Phosphorus

Sulphur

Chlorine

Potassium

Calcium

Scandium

Titanium

Vanadium

Chromium

J*U, p*Jj 2
yiS»lj JL*'*

Absorption
type(s)

M
S

F
M
S

F

F
M

F
M

F
M
S

F
M

F

M

F
M

F

M

S

F
M
S

F
M

F
M
S

1*̂ 1

ijJI ^i u«L

Sju»j J£J i

Gut transfer
factor f i

0.005
0.005

1.000
1.000
1.000

1.000

0.500
0.500

0.010
0.010

0.010
0.010
0.010

0.800
0.800

0.800

0.800

1.000
1.000

1.000

0.300

1.0 x 10'4

0.010
0.010
0.010

0.010
0.010

0.100
0.100
0.100

JjJu» -^LJI

-LUVI fcUilj ^l^« -L^l*VLJI Jjo^JI
**+J\ UUkM i^^JI ML*~ „* r»Wi, , . .M

• 1 | I I * * • If « * | A « * » ^> I

Compounds

All unspecified compounds
Oxides, halides and nitrates

Determined by combining cation
Determined by combining cation
Determined by combining cation

All compounds

AH unspecified compounds
Oxides, hydroxides, carbides, halides and nitrates

All unspecified compounds
Oxides, hydroxides, carbides, halides, nitrates and
metallic aluminium

All unspecified compounds
Oxides, hydroxides, carbides and nitrates
Aluminosilicate glass aerosol

All unspecified compounds
Some phosphates: determined by combining cation

Sulphides and sulphates: determined by combining
cation
Elemental sulphur. Sulphides and sulphates: determined
by combining cation

Determined by combining cation
Determined by combining cation

All compounds

AH compounds

AH compounds

AH unspecified compounds
Oxides, hydroxides, carbides, halides and nitrates
Strontium titanate (SrTiO3)

All unspecified compounds
Oxides, hydroxides, carbides and halides

AH unspecified compounds
Halides and nitrates
Oxides and hydroxides

M
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Absorption
Element

type(s)

Manganese

Iron

Cobalt

Nickel

Copper

Zinc

Gallium

Germanium

Arsenic

Selenium

Bromine

Rubidium

Strontium

Yttrium

Zirconium

Niobium

Molybdenum

Technetium

F
M

F
M

M
S

F
M

F
M
S

S

F
M

F
M

M

F
M

F
M

F

F
S

M
S

F
M
S

M
S

F
S

F
M

Gut transfer
factor f,

0.100
0.100

0.100
0.100

0.100
0.050

0.050
0.050

0.500
0.500
0.500

0.500

0.001
0.001

1.000
1.000

0.500

0.800
0.800

1.000
1.000

1.000

0.300
0.010

1.0 x 10-4

1.0 X 10"*

0.002
0.002
0.002

0.010
0.010

0.800
0.050

0.800
0.800

Compounds

All unspecified compounds
Oxides, hydroxides, halides and nitrates

All unspecified compounds
Oxides, hydroxides and halides

All unspecified compounds
Oxides, hydroxides, halides and nitrates

All unspecified compounds
Oxides, hydroxides and carbides

All unspecified inorganic compounds
Sulphides, halides and nitrates
Oxides and hydroxides

All compounds

All unspecified compounds
Oxides, hydroxides, carbides, halides and nitrates

All unspecified compounds
Oxides, sulphides and halides

All compounds

All unspecified inorganic compounds
Elemental selenium, oxides, hydroxides and carbides

Determined by combining cation
Determined by combining cation

All compounds

All unspecified compounds
Strontium titanate (SrTiO3)

AH unspecified compounds
Oxides and hydroxides

All unspecified compounds
Oxides, hydroxides, halides and nitrates
Zirconium carbide

All unspecified compounds
Oxides and hydroxides

All unspecified compounds
Molybdenum sulphide, oxides and hydroxides

All unspecified compounds
Oxides, hydroxides, halides and nitrates



Element

Ruthenium

Rhodium

Palladium

Silver

Cadmium

Indium

Tin

Antimony

Tellurium

Iodine

Caesium

Barium

Lanthanum

Cerium

Praseodymium

Neodymium

^bsorptior
type(s)

F
M
S

F
M
S

F
M
S

F
M
S

F
M
S

F
M

F
M

F
M

F
M

F

F

F

F
M

M
S

M
S

M
S

i Gut transfer
factor f|

0.050
0.050
0.050

0.050
0.050
0.050

0.005
0.005
0.005

0.050
0.050
0.050

0.050
0.050
0.050

0.020
0.020

0.020
0.020

0.100
0.010

0.300
0.300

1.000

1.000

0.100

5.0 x 10-4

5.0 x lO'4

5.0 x 10-4

5.0 x 10-4

5.0 x 10'4

5.0 x 10-4

5.0 x 10-4

5.0 x 10-4

Compounds

All unspecified compounds
Halides
Oxides and hydroxides

All unspecified compounds
Halides
Oxides and hydroxides

All unspecified compounds
Nitrates and halides
Oxides and hydroxides

All unspecified compounds and metallic silver
Nitrates and sulphides
Oxides, hydroxides and carbides

All unspecified compounds
Sulphides, halides and nitrates
Oxides and hydroxides

All unspecified compounds
Oxides, hydroxides, halides and nitrates

All unspecified compounds
Stannic phosphate, sulphides, oxides, hydroxides,
halides and nitrates

All unspecified compounds
Oxides, hydroxides, halides, sulphides, sulphates and
nitrates

All unspecified compounds
Oxides, hydroxides and nitrates

All compounds

All compounds

AH compounds

All unspecified compounds
Oxides and hydroxides

All unspecified compounds
Oxides, hydroxides and fluorides

All unspecified compounds
Oxides, hydroxides, carbides and fluorides

All unspecified compounds
Oxides, hydroxides, carbides and fluorides
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Element

Promethium

Samarium

Europium

Gadolinium

Terbium

Dysprosium

Holmium

Erbium

Thulium

Ytterbium

Lutetium

Hafnium

Tantalum

Tungsten

Rhenium

Osmium

Indium

Platinum

Gold

Mercury

Absorption
type(s)

M
S

M

M

F
M

M

M

M

M

M

M
S

M
S

F
M

M
S

F

F
M

F
M
S

F
M
S

F

F
M
S

F
M

Gut transfer
factor f,

5.0 X 1Q-4

5.0 x 1Q-4

5.0 x 1Q-4

5.0 x 10"4

, 5.0 x JO'4

5.0 x 10-4

5.0 x 10-4

5.0 x 10-4

5.0 x 10-4

5.0 x 1Q-4

5.0 x 1Q-4

5.0 x 1Q-4

5.0 x 10-4

5.0 x 10-4

5.0 x JO'4

0.002
0.002

0.001
0.001

0.300

0.800
0.800

0.010
0.010
0.010

0.010
0.010
0.010

0.010

0.100
0.100
0.100

0.020
0.020

fell) L^UW-^1 Jj^>JI

Compounds

All unspecified compounds
Oxides, hydroxides, carbides and fluorides

All compounds

All compounds

All unspecified compounds
Oxides, hydroxides and fluorides

All compounds

All compounds

All unspecified compounds

All compounds

All compounds

All unspecified compounds
Oxides, hydroxides and fluorides

All unspecified compounds
Oxides, hydroxides and fluorides

All unspecified compounds
Oxides, hydroxides, halides, carbides and nitrates

All unspecified compounds
Elemental tantalum, oxides, hydroxides, halides,
carbides, nitrates and nitrides

All compounds

All unspecified compounds
Oxides, hydroxides, halides and nitrates

All unspecified compounds
Halides and nitrates
Oxides and hydroxides

All unspecified compounds
Metallic indium, halides and nitrates
Oxides and hydroxides

All compounds

All unspecified compounds
Halides and nitrates
Oxides and hydroxides

Sulphates
Oxides, hydroxides, halides, nitrates and sulphides
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Element

Mercury

Thallium

Lead

Bismuth

Polonium

Astatine

Francium

Radium

Actinium

Thorium

Protactinium

Uranium

Neptunium

Plutonium

Americium

Curium

Berkelium

Californium

Einsteinium

Fermium

Mendelevium

Absorption
type(s)

F

F

F

F
M

F
M

F
M

F

M

F
M
S

M
S

M
S

F

M

S

M

M
S

M

M

M

M

M

M

M

Gut transfer
factor f,

0.400

1.000

0.200

0.050
0.050

0.100
0.100

1.000
1.000

1.000

0.200

5.0 x 1Q-4

5.0 x ID'4

5.0 x 10-4

5.0 x 1Q-4

2.0 x 1Q-4

5.0 x 10-4

5.0 x 10-4

0.020

0.020

0.002

5.0 x 10-4

5.0 x 10-4

1.0 x 10-5

5.0 x IQ-4

5.0 x JO'4

5.0 x 10-4

5.0 x 10-4

5.0 x 10-4

5.0 x 1Q-4

5.0 x 10-4

Compounds

All organic compounds

All compounds

All compounds

Bismuth nitrate
All unspecified compounds

All unspecified compounds
Oxides, hydroxides and nitrates

Determined by combining cation
Determined by combining cation

All compounds

All compounds

All unspecified compounds
Halides and nitrates
Oxides and hydroxides

All unspecified compounds
Oxides and hydroxides

All unspecified compounds
Oxides and hydroxides

Most hexavalent compounds, e.g., UF6 , UO2F2 and
U02(N03)2

Less soluble compounds, e.g., UO3, UF4, UC14 and
most other hexavalent compounds
Highly insoluble compounds, e.g., UO2 and U3O8

All compounds

All unspecified compounds
Insoluble oxides

All compounds

All compounds

All compounds

All compounds

All compounds

All compounds

All compounds
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Nuclide

Hydrogen
Tritiated
water
OBTa

Beryllium
Be-7
Be- 10

Carbon
C-ll
C-14

Fluorine
F-18
Sodium
Na-22
Na-24

Magnesium
Mg-28
Aluminium
Al-26

Physical
half-life

12.3 a

12.3 a

53.3d
1.60 x 106a

0.340 h
5.73 x 103 a

1.83 h

2. 60 a
15.0 h

20.9 h

7.16 x 105 a

Age {

f.

1.000

1.000

0.020
0.020

1.000
1.000

1.000

1.000
1.000

1.000

0.020

; <1 a

e(g)

6.4 x 10-"

1.2 x 10-'°

1.8 x 10-10

1.4 x 10-8

2.6 x lO'10

1.4 x 10-9

5.2 x 10-'°

2.1 x 10'8

3.5 x 10-9

1.2 x 10-8

3.4 x lO'8

f, for
g > 1 a

1.000

1.000

0.005
0.005

1. 000
1.000

1.000

1.000
1.000

0.500

0.010

Age 1-2 a
e(g)

4.8 x 10-"

1.2 x 10'10

1.3 x 10-'°
8.0 x ID'9

1.5 x 10-'°
1.6 x ID'9

3.0 x 10-'°

1.5 X 1Q-8

2.3 X 10-9

1.4 x 1Q-8

2.1 x ID'8

Age 2-7 a
e(g)

3.1 x 10-"

7.3 x 10'"

7.7 x 10-"
4.1 x 10'9

7.3 x IQ-"
9.9 x 10'10

1.5 x 10-'°

8.4 x 10'9

1.2 x ID'9

7.4 x 10'9

1.1 X IQ-8

Age 7-12 a
e(g)

2.3 x 10-"

5.7 x 10-"

5.3 x 10-"
2.4 x 10-9

4.3 x IO-"
8.0 x 10-'°

9.1 x 10""

5.5 x 10-9

7.7 x ID'10

4.5 x 10-9

7.1 x 10'9

Age 12-17 a
e(g)

1.8 x 10-"

4.2 x 10-"

3.5 x 10-"
1.4 x ID'9

3.0 x 10-"
5.7 x 10'10

6.2 x 10-"

3.7 x 10'9

5.2 x ID'10

2.7 x ID'9

4.3 x 10-9

Ag<

1.8

4.2

2.8
1.1

2.4
5.8

4.9

3.2
4.3

2.2

3.5

: > 17 a
e(g)

x 10'"

x 10-"

x 10-"
x ID'9

x 10-"
x 10-'°

x 10-"

x 10-9

x 10-'°

x 10-9

x 10-9

ĵJ OBT (i)



3
•
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1.i

Silicon
Si-31
Si-32

Phosphorus
P-32
P-33
Sulphur
S-35
(inorganic)
S-35
(organic)
Chlorine
Cl-36
CI-38
Cl-39
Potassium
K-40
K-42
K-43
K-44
K-45

Calcium2

Ca-41
Ca-45
Ca-47

2.62 h
4.50 x IO2 a

14.3 d
25.4 d

87.4 d

87.4 d

3.01 x 10s a
0.620 h
0.927 h

1.28 x 109a
12.4 h
22.6 h

0.369 h
0.333 h

1.40 x 105a
163d

4.53d

0.020
0.020

1.000
1.000

1.000

1.000

1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000

0.600
0.600
0.600

1.9 x IO-9

7.3 x IO-9

3.1 x lO'8

2.7 x ID'9

1.3 x IO-9

7.7 x 10'9

9.8 x IO-9

1.4 x ID'9

9.7 x 10-'°

6.2 x ID"8

5.1 x ID"9

2.3 x IO-9

1.0 x lO'9

6.2 x 10-'°

1.2 x ID'9

1.1 x 10'8

1.3 x ID'8

0.010
0.010

0.800
0.800

1.000

1.000

1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000

0.300
0.300
0.300

1.0
4.1

1.9
1.8

8.7

5.4

6.3
7.7
5.5

4.2
3.0
1.4
5.5
3.5

5.2
4.9
9.3

x ID'9

x ID'9

x IO-8

x ID'9

x 10'10

x ID'9

x ID'9

x 10'10

x 10-'°

x 10'8

x IO-9

x ID'9

x ID'10

x ID'10

x 10-'°
x ID'9

x JO'9

5.1 x 10-'°
2.0 x lO'9

9.4 x IO-9

9.1 x 10-'°

4.4 x 10-'°

2.7 x ID'9

3.2 x 1Q-9

3.8 x 10-'°
2.7 x 10-'°

2.1 x 10'8

1.5 x ID'9

7.6 x 10-'°
2.7 x 10-'°
1.7 x 10-'°

3.9 x ID"10

2.6 x IO-9

4.9 x IO-9

3.0 x 10-'°
1.2 x ID"9

5.3 x ID'9

5.3 x ID'10

2.7 x 10-'°

1.6 x ID"9

1.9 x lO'9

2.2 x ID'10

1.6 x 10-'°

1.3 x ID'8

8.6 x ID'10

4.7 x 10'10

1.6 x 10-'°
9.9 x 1Q-"

4.8 x ID'10

1.8 x ID'9

3.0 x lO'9

1.8 x
7.0 x

3.1 x
3.1 x

1.6 x

9.5 x

1.2 x
1.5 x
1.1 x

7.6 x
5.4 x
3.0 x
1.1 x
6.8 x

5.0 x
1.3 x
1.8 x

,0-10
,0-io

io-9

,0-io

,0-io

10-io

io-9

10-.o
,0-io

io-9

io-'°
io-'°
JQ-.O

10-"

10-io

io-9

io-9

1.6 x ID'10

5.6 x 10-'°

2.4 x IO-9

2.4 x ID'10

1.3 x ID'10

7.7 x ID"10

9.3 x 10'10

1.2 x 10-'°
8.5 x 10-"

6.2 x ID'9

4.3 x ID'10

2.5 x 10-'°
8.4 x 10-"
5.4 x 10-"

1.9 x ID'10

7.1 x ID'10

1.6 x JO'9

UU (I)



(0i»)

a
•J

Nuclide

Scandium
Sc-43
Sc-44
Sc-44m
Sc-46
Sc-47
Sc-48
Sc-49

Titanium
Ti-44
Ti-45

Vanadium
V-47
V-48
V-49

Chromium
CMS

Cr-49

Cr-51

Physical
half-life

3.89 h
3.93 h
2.44 d
83.8 d
3.35 d
1.82 d

0.956 h

47.3 a
3.08 h

0.543 h
16.2 d
330 d

23.0 h

0.702 h

27.7 d

™6C

f,

0.001
0.001
0.001
0.001
0.001
0.001
0.001

0.020
0.020

0.020
0.020
0.020

0.200
0.020
0.200
0.020
0.200
0.200

5 — 1 0

e(g)

1.8 x 10'9

3.5 x ID'9

24 x 10-8

1.1 x 10'8

6.1 x lO'9

1.3 x lO'8

1.0 x ID'9

5.5 x 10-"
1.6 x 10'9

7.3 x 10-'°
1.5 x IO-8

2.2 x 10-'°

1.4 x ID'9
1.4 x ID'9

6.8 x 10-'°
6.8 x 10-'°
3.5 x 10-'°
3.3 x 10-'°

f, for
g > 1 a

1.0 x JO"4

1.0 x ID'4

1.0 x 1Q-4

1.0 x 10-"
1.0 x 1Q-4

1.0 x JO'4

1.0 X 1Q-4

0.010
0.010

0.010
0.010
0.010

0.100
0.010
0.100
0.010
0.100
0.010

Age 1-2 a
e(g)

1.2 x JO'9

2.2 x 10'9

1.6 x 1Q-8

7.9 x ID'9

3.9 x ID"9

9.3 x ID'9

5.7 x lO'10

3.1 x 10'8

9.8 x 10-'°

4.1 x 10-'°
1.1 x ID'8

1.4 x 10-'°

9.9 x 10-'°
9.9 x 10-'°
3.9 x 10-'°
3.9 x lO'10

2.3 x 10-'°
2.2 x 10'10

Age 2-7 a
c(g)

6.1 x 10'10

1.2 x 10-9

8.3 x ID"9

4.4 x ID'9

2.0 x ID'9

5.1 x 10-9

2.8 x 10-'°

1.7 x 10-8

5.0 x 10-'°

2.0 x 10-'°
5.9 x ID'9

6.9 x 10-"

5.7 x lO'10

5.7 x 10-'°
2.0 x ID'10

2.0 x 10'10

1.2 x 10'10

1.2 x 10"10

Age 7- 12 a
e(g)

3.7 x
7.1 x
5.1 x
2.9 x
1.2 x
3.3 x
1.6 x

1.1 x
3.1 x

1.2 x
3.9 x
4.0 x

3.8 x
3.8 x
1.1 x
1.1 x
7.8 x
7.5 x

io-'°
,0-io

io-9

io-9

io-9

io-9

io-'°

io-8

io-10

,0-io

io-9

10-"

10-io
io-'°
,0-io
,0-io

10-"
10-"

Age 12-17 a
e(g)

2.3 x
4.4 x
3.1 x
1.8 x
6.8 x
2.1 x
1.0 x

6.9 x
1.9 x

8.0 x
2.5 x
2.3 x

2.5 x
2.5 x
7.7 x
7.7 x
4.8 x
4.6 x

,0-io
,0-io

io-9

io-9

10-io

io-9

10-io

io-9

,0-m

10-"
io-9

10-"

,0-io
,0-io

10-"
10-"
10-"
10-"

Age > 17 a
e(g)

1.9 x 10'10

3.5 x 10-'°
2.4 x IO-9

1.5 x ID'9

5.4 x lO'10

1.7 x IO-9

8.2 x ID'"

5.8 x ID'9

1.5 x 10-'°

6.3 x 10-"
2.0 x ID'9

1.8 x 10-"

2.0 x IO-10

2.0 x 10-'°
6.1 x 10-"
6.1 x 10-"
3.8 x 10-"
3.7 x 10-"
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i
^
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5.
j>

«y

COVO

Manganese
Mn-51
Mn-52
Mn-52m
Mn-53
Mn-54
Mn-56
Iron'
Fe-52
Fe-55
Fe-59
Fe-60

Cobaltb

Co-55
Co-56
Co-57
Co-58
Co-58m
Co-60
Co-60m
Co-61
Co-62m

Nickel
Ni-56
Ni-57

k

0.770 h
5.59d

0.352 h
3.70 x 106 a

312 d
2.58 h

8.28 h
2.70 a
44.5 d

1.00 x 105 a

17.5 h
78.7 d
271 d

70.8 d
9.15 h
5.27 a

0.174 h
1.65 h

0.232 h

6.10 d
l .SOd

0.200
0.200
0.200
0.200
0.200
0.200

0.600
0.600
0.600
0.600

0.600
0.600
0.600
0.600
0.600
0.600
0.600
0.600
0.600

0.100
0.100

1.1 x lO'9

1.2 x 10'8

7.8 x 10-'°
4.1 x lO'10

5.4 x ID'9

2.7 x lO'9

1.3 x ID'8

7.6 x 10-9

3.9 x ID'8

7.9 x lO'7

6.0 x 1Q-9

2.5 x 10-R

2.9 x lO'9

7.3 x 10'9

2.0 x 10-'°
5.4 x 10-"
2.2 x 10-"
8.2 x ID'10

5.3 x ID'10

5.3 x lO'9

6.8 x 10-9

0.100
0.100
0.100
0.100
0.100
0.100

0.100
0.100
0.100
0.100

0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100

0.050
0.050

• r *

6.1 x 10-'°
8.8 x ID'9

4.4 x 10-'°
2.2 x ID'1 0

3.1 x JO'9

1.7 x 10-9

9.1 x 10'9

2.4 x 10-9

1.3 x ID'8

2.7 x ID'7

5.5 x IO- 9

1.5 x 10 8

1.6 x 10 9

4.4 x 10-9

1.5 x 10-'°
2.7 x 10 8

1.2 x IQ-"
5.1 x JO'10

3.0 x lO'10

4.0 x ID"9

4.9 x 1(T9

.» UU, \Q ^Jl \ ij

UU > 0 4-J1 \ oe»

3.0 x lO'10

5.1 x ID'9

2.2 x ID'1 0

1.1 x JO ' 1 0

1.9 x 1Q-9

8.5 x 10-1n

4.6 x 10-9

1.7 x 10'9

7.5 x 10-9

2.7 X lO'7

2.9 x 10 9

8.8 x 10 q

8.9 x I0- l < )

2.6 x 1Q-9

7.8 x 10 "
1.7 x 10 s

5.7 x IO- ' :

2.5 x 10-'°
1.5 x 10-'°

2.3 x ID'9

2.7 x 10-9

^ f*»jUe,I cjl.
*AjUfel r«f j3

1.8 x 10-'°
3.4 x ID'9

1.3 x lO'10

6.5 x 10-"
1.3 x ID'9

5.1 x 10-'°

2.8 x 10-9

1.1 x ID'9

4.7 x ID'9

2.5 x 10-7

1.8 x IO-9

5.8 x 10 "
5.8 x 10- |W

1.7 x ID'9

4.7 x 10 "
1.1 x 10 8

3.2 x 10-'-
1.4 x 10-'°
8.7 x 10-"

1.6 x JO'9

1.7 x UK9

f1- ̂ .^V

1.2 x 10'10

2.2 x 10-9

8.8 x 10-"
3.7 x 10'"
8.7 x 10'10

3.2 x 10'10

1.7 x 10'9

7.7 x 10'10

3.1 x 10'9

2.3 x 10"7

I . I x 10'9

3.8 x 10 9

3.7 x 10- I0

1.1 x 10'9

2.8 x 10-"
7.9 x 10 "
2.2 x 10-12

9.2 x 1Q-"
6.0 x 10-"

1.1 x ID'9

1.1 x ID'9

*&} j> f, a

9.3 x 10-"
1.8 x 10'9

6.9 x 10-"
3.0 x 10'"
7.1 x 10'10

2.5 x lO'10

1.4 x 10'9

3.3 x 10'10

1.8 x 1Q-9

1.1 x 10-7

1.0 x 10-9

2.5 x 10'9

2.1 x 10'10

7.4 x 10'10

2.4 x 10'"
3.4 X ID'9

1.7 x ID"12

7.4 x 10'"
4.7 x 10'"

8.6 x lO'10

8.7 x 10'10

-*i d)



Nuclide

Ni-59
Ni-63
Ni-65
Ni-66
Copper
Cu-60
Cu-61

- Cu-64
"̂  Cu-67
3 Zinc
3 Zn-62

Zn-63
Zn-65
Zn-69
Zn-69m
Zn-71m
Zn-72
Gallium
Ga-65
Ga-66
Ga-67
Ga-68
Ga-70

Physical
half-life

7.50 x IO4

96.0
2.52
2.27

0.387
3.41
12.7
2.58

9.26
0.635

244
0.950

13.8
3.92
1.94

0.253
9.40
3.26
1.13

0.353

/-igt 6 — * °

f| e(g)

a
a
h
d

h
h
h
d

h
h
d
h
h
h
d

h
h
d
h
h

0.100
0.100
0.100
0.100

1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000

0.010
0.010
0.010
0.010
0.010

6.4 x
1.6 x
2.1 x
3.3 x

7.0 x
7.1 x
5.2 x
2.1 x

4.2 x
8.7 x
3.6 x
3.5 x
1.3 x
1.4 x
8.7 x

4.3 x
1.2 x
1.8 x
1.2 x
3.9 x

io-'°
io-9

io-9

io-8

,0-.o
,0-10

io-9

io-9

,0-io

10 "
,0-m

io-9

io-9

io-9

,0-io

io-8

io-9

io-9

,0-io

f, for
g > 1 a

0.050
0.050
0.050
0.050

0.500
0.500
0.500
0.500

0.500
0.500
0.500
0.500
0.500
0.500
0.500

0.001
0.001
0.001
0.001
0.001

Age 1-2 a
e(g)

3.4 x
8.4 x
1.3 x
2.2 x

4.2 x
7.5 x
8.3 x
2.4 x

6.5 x
5.2 x
1.6 x
2.2 x
2.3 x
1.5 x
8.6 x

2.4 x
7.9 x
1.2 x
6.7 x
2.2 x

,0-io

io-10

io-9

io-8

,0-io
,0-10
,0-m

io-9

io-9

,0-m

10 H

,0-H)

10'9

io-9

io-9

,0- io

io-9

io-9

10-io
,0-10

Age 2-7 a
e(g)

1.9 x 10-'°
4.6 x 10-'°
6.3 x 10-'°
1.1 x ID'8

2.2 x 10-'°
3.9 x 10-'°
4.2 x ID'10

1.2 x IO-9

3.3 x IO-9

2.6 x 10 I0

9.7 x 10 ''
1.1 x 10 I0

1.2 x IO-9

7.8 x 10-'°
4.5 x IO'9

1.2 x 10-'°
4.0 x IO-9

6.4 x ID"1 0

3.4 x ID"10

1.0 x 10-'°

Age 7-12 a
e(g)

1.1 x 10-'°
2.8 x 10'10

3.8 x 10-'°
6.6 x IO-9

1.3 x KT10

2.3 x 10-'°
2.5 x ID'10

7.2 x 10-'°

2.0 x ID"9

1.5 x 10-'°
6.4 x 10 •''
6.0 x 10-"
7.0 x ID'10

4.8 x 10-'°
2.8 x JO'9

6.9 x 10-"
2.5 x IO-9

4.0 x 10-'°
2.0 x 10-'°
5.9 x 10~"

Age 12-17 a
e(g)

7.3 x
1.8 x
2.3 x
3.7 x

8.9 x
1.5 x
1.5 x
4.2 x

1.2 x
1.0 x
4.5 x
3.9 x
4.1 x
3.0 x
1.7 x

4.7 x
1.5 x
2.4 x
1.3 x
4.0 x

10-"
10-.o
10-io

io-9

10-"
10-.o
,0-io

io-'°

io-9

,0-io

10 9

10-"
,0-io

io-'°
io-9

10-"
io-9

10-.o
,0-io

10-"

Age > 17 a
e(g)

6.3 x 10-"
1.5 x 10-'°
1.8 x 10-'°
3.0 x 10"9

7.0 x 10-"
1.2 x ID'10

1.2 x lO'10

3.4 x 10-'°

9.4 x 10-'°
7.9 x 10'"
3.9 x 10'9

3.1 x 10-"
3.3 x 10'10

2.4 x ID'10

1.4 x 10'9

3.7 x 10'"
1.2 x ID'9

1.9 x 10-'°
1.0 x 10'10

3.1 x 1Q-"
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Ga-72
Ga-73

Germanium
Ge-66
Ge-67
Ge-68
Ge-69
Ge-71
Ge-75
Ge-77
Ge-78
Arsenic
As-69
As-70
As-71
As-72
As-73
As-74
As-76
As-77
As-78
Selenium
Se-70
Se-73
Se-73m
Se-75
Se-79

14.1 h
4.91 h

2.27 h
0.312 h

288 d
1.63d
11. 8d
1.38h
11.3 h
1.45 h

0.253 h
0.876 h
2.70 d
l.OSd
80.3d
17. 8 d
l . l O d
1.62 d
1.51 h

0.683 h
7.15h

0.650 h
120 d

6.50 x 104 a

0.010
0.010

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000

1.0 x 10'8

3.0 x lO-9

8.3 x 10'10

7.7 x 10-'°
1.2 x 10'8

2.0 x 10'9

1.2 x 10-'°
5.5 x 10-'°
3.0 x 10-9

1.2 x ID'9

6.6 x ID'10

1.2 x 10-9

2.8 x 10'9

1.1 x lO'8

2.6 x 10-9

1.0 x lO'8

1.0 x ID'8

2.7 x 10-9

2.0 x ID"9

1.0 x ID'9

1.6 x 10-9

2.6 x 10-'°
2.0 x lO'8

4.1 x lO'8

0.001
0.001

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

0.500
0.500
0.500
0.500
0.500
0.500
0.500
0.500
0.500

0.800
0.800
0.800
0.800
0.800

6.8 x 10"
1.9 x ICr9

5.3 x 10-'°
4.2 x 10-'°
8.0 x 10-9

1.3 x 1CT9

7.8 x 1Q-"
3.1 x 10-'°
1.8 x ICr9

7.0 x lO'10

3.7 x 10-'°
7.8 x 10'10

2.8 x 10'9

1.2 x 1Q-8

1.9 x 10-9

8.2 x 1Q-9

1.1 x 10 •"
2.9 x ID*9

1.4 x 1Q-9

7.1 x 10'10

1.4 x JO'9

1.8 x ID'10

1.3 x 1Q-8

2.8 x ID'8

3.6 x 10"
9.3 x ID'1 0

2.9 x ID'10

2.1 x 10'10

4.2 x 10-9

7.1 x ID'10

4.0 x 10-"
1.5 x 10-'°
9.9 x 10-'°
3.6 x ID'1 0

1.8 x 10'10

4.1 x lO'10

1.5 x 10-9

6.3 x 10-9

9.3 x lO'10

4.3 x 10-9

5.8 x 10 9

1.5 x 10-9

7.0 x ID'10

3.6 x 10-'°
7.4 x lO'10

9.5 x 1Q-"
8.3 x IQ-9

1.9 x ID'8

2.2 x 10 9

5.5 x 10'10

1.9 x lO'10

1.2 x 10'10

2.6 x ID'9

4.6 x ID'10

2.4 x 1Q-'1

8.7 x 10-'1

6.2 x ID'10

2.2 x 10-'°

1.1 x 10'10

2.5 x 10'10

9.3 x 10'10

3.8 x ID'9

5.6 x 10-'°
2.6 x 1C'9

3.4 x 10 9

8.7 x 10-'°
4.1 x 10-'°

2.2 x 10-'°
4.8 x ID'10

5.9 x lO'11

6.0 x ID'9

1.4 x 10'8

1.4 x 10"
3.3 x 10-'°

1.3 x 10-'°
8.2 x 10-"
1.6 x ur9

3.0 x ID"10

1.5 x 10-"
5.9 x 10-"
4.1 x 10'10

1.5 x 10-'°

7.2 x ID'11

1.7 x lO'10

5.7 x 10-'°
2.3 x ID"9

3.2 x 10-'°
1.6 x 10'9

2.0 x 10-9

5.0 x ID'10

2.7 x 10'10

1.5 x lO'10

2.5 x lO'10

3.5 x 10-"
3.1 x lO'9

4.1 x 1C'9

1.1 x 1Q-9

2.6 x 10'10

1.0 x ID'10

6.5 x 10-"
1.3 x ID'9

2.4 x ID'10

1.2 x lO"11

4.6 x 10-"
3.3 x ID'10

1.2 x 10-'°

5.7 x 10-"
1.3 x 10-'°
4.6 x ID'10

1.8 x 10-9

2.6 x 10'10

1.3 x ID'9

1.6 x 10 9

4.0 x 10'10

2.1 x ID"10

1.2 x 10'10

2.1 x ID'10

2.8 X 10-"
2.6 x lO"9

2.9 x lO'9
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Nuclide

Se-81
Se-81m
Se-83
Bromine
Br-74
Br-74m
Br-75
Br-76
Br-77
Br-80
Br-80m
Br-82
Br-83
Br-84
Rubidium
Rb-79
Rb-81
Rb-81m
Rb-82m
Rb-83
Rb-84
Rb-86
Rb-87

Physical
half-life

0.308
0.954
0.375

0.422
0.691

1.63
16.2
2.33

0.290
4.42
1.47
2.39

0.530

0.382
4.58

0.533
6.20
86.2
32.8
18.7

4.70 x 10'°

h
h
h

h
h
h
h
d
h
h
d
h
h

h
h
h
h
d
d
d
a

ngt

f.

1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

& — i a

e(g)

3.4 x 10-'°
6.0 x 10'10

4.6 x 10'10

9.0 x 10-'°
1.5 x 1C'9

8.5 x 10-'°
4.2 x JO'9

6.3 x 10-'°
3.9 x ID'10

1.4 x 10-9

3.7 x 10'9

5.3 x 10-'°
1.0 x 10-9

5.7 x 10-'°
5.4 x 10-'°
1.1 x lO'10

8.7 x ID'10

1.1 x 10'8

2.0 x ID'8

3.1 x 10'8

1.5 x ID'8

f, for
g > 1 a

0.800
0.800
0.800

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

Age 1-2 a
e(g)

1.9 x 10-'°
3.7 x 10-'°
2.9 x 10-'°

5.2 x 10-'°
8.5 x ID'10

4.9 x 10'10

2.7 x 10'9

4.4 x 10-'°
2.1 x 10-'°
8.0 x 10-'°
2.6 x ID'9

3.0 x ID'10

5.8 x 10-'°

3.2 x ID'10

3.2 x ID'10

6.2 x 10'"
5.9 x ID'10

8.4 x 1Q-9

1.4 x ID'8

2.0 x 1Q-8

1.0 x 10'8

Age 2-7 a
e(g)

9.0 x 10-"
1.8 x ID'10

1.5 x 10-'°

2.6 x 10-'°
4.3 x 10-'°
2.5 x JO'10

1.4 x ID'9

2.5 x 10-'°
1.0 x 10-'°
3.9 x 10'10

1.5 x ID'9

1.4 x 10-'°
2.8 x 10-'°

1.6 x ID'10

1.6 x 10-'°
3.1 x 10-"
3.4 x 10-'°
4.9 x 10'9

7.9 x ID'9

9.9 x 1Q-9

5.2 x ID'9

Age 7-12 a
e(g)

5.1 x 10-"
1.1 x 10-'°
8.7 x 1Q-"

1.5 x ID'10

2.5 x 10-'°
1.5 x 10-'°
8.7 x 10'10

1.7 x 10-'°
5.8 x 10-"
2.3 x 10-'°
9.5 x 10'10

8.3 x 10-"
1.6 x 10-'°

9.2 x 10-"
1.0 x 10-'°
1.8 x 10-"
2.2 x 10-'°
3.2 x 10'9

5.0 x 10-9

5.9 x ID'9

3.1 x 10-9

Age 12 17 a
e(g)

3.4 x 1Q-"
6.7 x 10-"
5.9 x 10-"

1.1 x 10-'°
1.7 x 10-'°
9.9 x 10-"
5.6 x 10-'°
1.1 x 10-'°
3.9 x 10-"
1.4 x 10-'°
6.4 x 10-'°
5.5 x 10-"
I.I x 10-'°

6.3 x 10-"
6.7 x 10-"
1.2 x 10-"
1.5 x 10'10

2.2 x 10'9

3.3 x 10-9

3.5 x ID'9

1.8 x 10-9

Age > 17 a
e(g)

2.7 x 1Q-"
5.3 x 10-"
4.7 x 10-"

8.4 x 10-"
1.4 x ID'10

7.9 x 10'"
4.6 x 10-'°
9.6 x 10-"
3.1 x 10-"
1.1 x 10-'°
5.4 x 10-'°
4.3 x 10'"
8.8 x 10-"

5.0 x 10-"
5.4 x 10-"
9.7 x 10-'2

1.3 x 10-'°
1.9 x ID'9

2.8 x ID'9

2.8 x 10'9

1.5 x 10-9



3
i

4«>*»

\,1

r*^

Rb-88
Rb-89

Strontium1

Sr-80
Sr-81
Sr-82
Sr-83
Sr-85
Sr-85m
Sr-87m
Sr-89
Sr-90
Sr-91
Sr-92

Vttrium
Y-86
Y-86m
Y-87
Y-88
Y-90
Y-90m
Y-91
Y-91m
Y-92
Y-93

0.297 h
0.253 h

1.67 h
0.425 h

25.0 d
1.35 d
64.8 d
1.16H
2.80 h
50.5 d
29.1 a
9.50 h
2.71 h

14.7 h
0.800 h

3.35 d
107 d

2.67 d
3.19 h
58.5 d

0.828 h
3.54 h
10.1 h

1.000
1.000

0.600
0.600
0.600
0.600
0.600
0.600
0.600
0.600
0.600
0.600
0.600

0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001

1.1 x ID'9

5.4 x 10-'°

3.7 x 10-9

8.4 x 10''°
7.2 x lO"8

3.4 x lO'9

7.7 x ID'9

4.5 x 10-"
2.4 x 1Q-10

3.6 x ID'8

2.3 x 10-7

5.2 x lO'9

3.4 x ID'9

7.6 x 10-9

4.5 x 10-'°
4.6 x 10-9

8.1 x 10'9

3.1 x 1Q-8

1.8 x lO'9

2.8 x 10-8

9.2 x 10'"
5.9 x lO"9

1.4 x lO'8

1.000
1.000

0.300
0.300
0.300
0.300
0.300
0.300
0.300
0.300
0.300
0.300
0.300

1.0 x ID'4

1.0 x ID"4

1.0 x 10-"
1.0 x 10 4

1.0 x 10'4

1.0 x 1Q-4

1.0 x 10-4

1.0 x 10-4

1.0 x ID'4

1.0 x ID'4

6.2 x 10'10

3.0 x 10-10

2.3 x 10'9

4.9 x 10'10

4.1 x 1Q-*
2.7 x It)'9

3.1 x lO'9

3.0 x 1Q-"
1.7 x 10-'°
1.8 x 10-8

7.3 x ID'8

4.0 x ID'9

2.7 x ID'9

5.2 x ID'9

3.1 x 10-'°
3.2 x I0'9

6.0 x ID'9

2.0 x ID'8

1.2 x ID'9

1.8 x 10'8

6.0 x 10-"
3.6 x ID'9

8.5 x lO'9

3.0 x 10-'°
1.5 x 10-'°

1.1 x ID'9

2.4 x 10-'°
2.1 x 1Q-8

1.4 x 10-9

1.7 x ID'9

1.7 x 10-"
9.0 x 10-"
8.9 x ID'9

4.7 x ID'8

2.1 x ID'9

1.4 x 10-9

2.9 x ID'9

1.7 x ID'10

1.8 x 10-9

3.5 x 10 9

1.0 x 10-8

6.1 x ID'10

8.8 x JO'9

3.3 x 10-"
1.8 x ID'9

4.3 x ID'9

1.7 x 10-'°
8.6 x 10-"

6.5 x 10-'°
1.4 x ID'10

1.3 x 10-8

9.1 x 10-'°
1.5 x 10'9

1.1 x 10'"
5.6 x 10-"
5.8 x 10-9

6.0 x ID'8

1.2 x 10'9

8.2 x ID'10

1.9 x 10'9

1.1 x 10-'°
1.1 x 10-9

2.4 x 10'9

5.9 x ID'9

3.7 x 10-'°
5.2 x 1Q-9

2.1 x 1Q-"
1.0 x 10'9

2.5 x JO"9

1.2 x lO'10

5.9 x 10-"

4.2 x 10'10

9.6 x 10'11

8.7 x lO'9

5.7 x ID'10

1.3 x 10'9

7.8 x 10-'2

3.6 x 10-11

4.0 x ID'9

8.0 x 10'8

7.4 x 10-'°
4.8 x ID'10

1.2 x ID'9

7.1 x 10-"
7.0 x lO'10

1.6 x lO'9

3.3 x ID'9

2.2 x 10-'°
2.9 x 10'9

1.4 x 10-"
6.2 x ID'10

1.4 x lO'9

9.0 x 10'"
4.7 x 1Q-"

3.4 x ID"10

7.7 x 10-"
6.1 x ID'9

4.9 X 10-'°
5.6 x 10-'°
6.1 x ID'12

3.0 x 10-"
2.6 x 10-9

2.8 x 10-8

6.5 x ID'10

4.3 x 10-'°

9.6 x lO'10

5.6 x 10'"
5.5 x 10-'°
1.3 x lO'9

2.7 x ID'9

1.7 x 10-'°
2.4 x 10'9

1.1 x 1Q-"
4.9 x 10'10

1.2 X 10'9

.•ji ^* UU \0 ̂ JM ij* |*»jUJ tjIjSJ j*) 3L--JU rj-Ja_,a-JI ̂  f, i«-J
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Nuclide

Y-94
Y-95

Zirconium
Zr-86
Zr-88
Zr-89
Zr-93
Zr-95
Zr-97

Niobium
Nb-88
Nb-89
Nb-89
Nb-90
Nb-93m
Nb-94
Nb-95
Nb-95m
Nb-96
Nb-97
Nb-98

Physical
half-life

0.318 h
0.178 h

16.5 h
83.4 d
3.27 d

1.53 x 106a
64.0 d
16.9 h

0.238 h
2.03 h
1.10 h
14.6 h
13. 6 a

2.03 x 104 a
35.1 d
3.61 d
23.3 h
1.20 h

0.858 h

Ageg

f,

0.001
0.001

0.020
0.020
0.020
0.020
0.020
0.020

0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020

<1 a

e(g)

9.9 x 10-'°
5.7 x ID'10

6.9 x ID'9

2.8 x ID'9

6.5 x lO'9

1.2 x ID'9

8.5 x ID'9

2.2 x 10'8

6.7 x ID'10

3.0 x 10-9

1.5 x ID'9

1.1 x 10'8

1.5 x 10-9

1.5 x 10'8

4.6 x 10'9

6.4 x lO'9

9.2 x 10-9

7.7 x 10'10

1.2 x ID'9

f, for
g > 1 a

1.0 x 10'"
1.0 x 10'4

0.010
0.010
0.010
0.010
0.010
0.010

0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010

Age 1-2 a
e(g)

5.5 x 10'10

3.1 x 10'10

4.8 x 10-9

2.0 x 10'9

4.5 x 10'9

7.6 x 10'10

5.6 x 10'9

1.4 x 10'8

3.8 x 10'10

2.0 x 10 9

8.7 x 10'10

7.2 x 10'9

9.1 x ID'10

9.7 x lO'9

3.2 x 10'9

4.1 x 10"9

6.3 x 10'9

4.5 x 10'10

7.1 x lO"10

Age 2-7 a
e(g)

2.7 x 10'10

1.5 x 10-'°

2.7 x 10'9

1.2 x ID'9

2.5 x ID'9

5.1 x 10-'°
3.0 x 10-9

7.3 x 10-9

1.9 x 10-'°
1.0 x lO'9

4.4 x 10'10

3.9 x 10'9

4.6 x 10-'°
5.3 x 10-9

1.8 x 10'9

2.1 x 10'9

3.4 x ID'9

2.3 x 10-'°
3.6 x lO'10

Age 7-12 a
e(g)

1.5 x ID'10

8.7 x 10'"

1.7 x 10'9

8.0 x lO"10

1.6 x ID'9

5.8 x ID"10

1.9 x 10'9

4.4 x 10"9

1.1 x 10-'°
6.0 x 10'10

2.7 x IO'10

2.5 x lO'9

2.7 x ID'10

3.4 x ID'9

1.1 x 10-9

1.2 x 10-9

2.2 x 10-9

1.3 x 10'10

2.2 x 10'10

Age 12-17 a
e(g)

1.0 x ID'10

5.9 x 10-"

I.I x ID"9

5.4 x ID"10

9.9 x 10'10

8.6 x 10-'°
1.2 x 10'9

2.6 x 10-9

7.9 x 10'11

3.4 x 10-'°
1.8 x 10-'°
1.6 x ID"9

1.5 x 10'10

2.1 x ID'9

7.4 x 10-'°
7.1 x 10'10

1.4 x 10'9

8.7 x 10'11

1.4 x 10'10

Age > 17 a
e(g)

8.1 x 10-"
4.6 x 10-"

8.6 x lO'10

4.5 X ID'10

7.9 x 10-'°
1.1 x ID'9

9.5 x lO'10

2.1 x 10-9

6.3 x 10-"
2.7 x ID'10

1.4 x 10'10

1.2 x lO'9

1.2 x 10'10

1.7 x ID'9

5.8 x ID'10

5.6 x ID"10

1.1 x JO'9

6.8 x 10-"
1.1 x lO'10
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Molybdenun
Mo-90
Mo-93
Mo-93m
Mo-99
Mo-101
Technetium
Tc-93
Tc-93m
Tc-94
Tc-94m
Tc-95
Tc-95m
Tc-96
Tc-96m
Tc-97
Tc-97m
Tc-98
Tc-99
Tc-99m
Tc-101
Tc-104
Ruthenium
Ru-94
Ru-97
Ru-103
Ru-105
Ru-106

i
5.67 h

3.50 x IO3 a
6.85 h
2.75 d

0.244 h

2.75 h
0.725 h
4.88 h

0.867 h
20.0 h
61.0 d
4.28 d

0.858 h
2.60 x IO6 a

87.0 d
4.20 x IO6 a
2.13 x 10s a

6.02 h
0.237 h
0.303 h

0.863 h
2.90 d
39.3 d
4.44 h
1.01 a

1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

0.100
0.100
0.100
0.100
0.100

1.7 x
7.9 x
8.0 x
5.5 x
4.8 x

2.7 x
2.0 x
1.2 x
1.3 x
9.9 x
4.7 x
6.7 x
1.0 x
9.9 x
8.7 x
2.3 x
1.0 x
2.0 x
2.4 x
1.0 x

9.3 x
1.2 x
7.1 x
2.7 x
8.4 x

io-9

io-9

10-io

io-9

,0-io

,0-io
io-'°
io-9

io-9

,0-io
io-9

io-9

,0-.o
10-io

io-9

io-8

io-8

,0-m
,0-.o

io-9

,0-10

io-9

io-9

io-9

io-8

1.000
1.000
1.000
1.000
1.000

0.500
0.500
0.500
0.500
0.500
0.500
0.500
0.500
0.500
0.500
0.500
0.500
0.500
0.500
0.500

0.050
0.050
0.050
0.050
0.050

1.2 x
6.9 x
5.4 x
3.5 x
2.7 x

2.5 x
1.3 x
1.0 x
6.5 x
8.7 x
2.8 x
5.1 x
6.5 x
4.9 x
4.1 x
1.2 x
4.8 x
1.3 x
1.3 x
5.3 x

5.9 x
8.5 x
4.6 x
1.8 x
4.9 x

io-9

io-9

,0-10

io-9

10-io

jO-.o
io-'°
io-9

io-'°
,0-10

io-9

io-9

io-"
,0-10

io-9

io-8

10-'
!0-'°
1 0- io

io-'°

,0-.o
jO-.o

io-9

io-9

io-8

6.3 x
5.0 x
3.1 x
1.8 x
1.3 x

1.5 x
7.3 x
5.8 x
3.3 x
5.0 x
1.6 x
3.0 x
3.6 x
2.4 x
2.0 x
6.1 x
2.3 x
7.2 x
6.1 x
2.6 x

3.1 x
4.7 x
2.4 x
9.1 x
2.5 x

io-'°
io-9

io-'°
io-9

io-'°

,0-10

10-"
,0-10
,0 io
,0-io

io-9

io-9

io-"
jO-.o

io-9

io-9

10"'
,0 n

10-"
10-.0

io-'°
io-'°
io-9

,0-10

io-R

4.0 x lO'10

4.0 x IO-9

2.0 x 10-'°
1.1 x IO-9

7.6 x ^0-"

9.8 x 10-"
4.6 x 10-"
3.7 x 10-'°
1.9 x 10-'°
3.3 x 10-'°
1.0 x ID'9

2.0 x IO-9

2.3 x 10-"
1.4 x lO'10

1.1 x 1C'9

3.7 x 1C'9

1.3 x ID'9

4.3 x 10-"
3.5 x 10-"
1.5 x 10-'°

1.9 x 10-'°
3.0 x 10-'°
1.5 x JO'9

5.5 x lO'10

1.5 x 1Q-8

2.7 x 10-'°
3.4 x ID'9

1.4 x ID'10

7.6 x 1Q-10

5.2 x 10-"

6.8 x 10-"
3.2 x 10-"
2.5 x 10-'°
1.3 x 10-'°
2.3 x ID'10

7.0 x lO'10

1.4 x ID'9

1.6 x 10'"
8.8 x 10-"
7.0 x 10-'°
2.5 x 10'9

8.2 x 10-'°
2.8 x 10-"
2.4 x 10-"
1.0 X ID'10

1.2 x ID'10

1.9 x 10-'°
9.2 x 10'10

3.3 x ID'10

8.6 x 10'9

2.2 x lO'10

3.1 x ID'9

1.1 x 10-'°
6.0 x ID'10

4.1 x 10-"

5.5 x 10-"
2.5 x 10'"
2.0 x ID'10

1.0 x 10'10

1.8 x 10-'°
5.6 x ID'10

1.1 x ID'9

1.2 x 10-"
6.8 x 1Q-"
5.5 x lO'10

2.0 x 10'9

6.4 x 10-'°
2.2 x IQ-"
1.9 x 1Q-"
8.0 x 1Q-"

9.4 x 10-"
1.5 x lO'10

7.3 x 10-'°
2.6 x JO"10

7.0 x ID'9
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Nuclide

Rhodium
Rh-99
Rh-99m
Rh-100
Rh-101
Rh-lOlm
Rh-102
Rh-102m

_ Rh-103m
"̂  Rh-105
3 Rh-106m
•] Rh-107

Palladium
Pd-100
Pd-101
Pd-103
Pd-107
Pd-109
Silver
Ag-102
Ag-103
Ag-104
Ag-104m

Physical
half-life

16.0
4.70
20.8
3.20
4.34
2.90
207

0.935
1.47
2.20

0.362

3.63
8.27
17.0

6.50 x IO6

13.4

0.215
1.09
1.15

0.558

d
h
h
a
d
a
d
h
d
h
h

d
h
d
a
h

h
h
h
h

Age

f,

0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100

0.050
0.050
0.050
0.050
0.050

0.100
0.100
0.100
0.100

g <1 a

e(g)

4.2 x JO'9

4.9 x IO-10

4.9 x ID'9

4.9 x IO-9

1.7 x JO'9

1.9 x lO'8

1.2 x ID'8

4.7 x 10-"
4.0 x lO'9

1.4 x IO-9

2.9 x 10'10

7.4 x IO-9

8.2 x 10-'°
2.2 x IO-9

4.4 x lO'10

6.3 x IO-9

4.2 x lO'10

4.5 x ID'10

4.3 x 10-'°
5.6 x 10-'°

f, for
g > 1 a

0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050

0.005
0.005
0.005
0.005
0.005

0.050
0.050
0.050
0.050

Age 1-2 a
e(g)

2.9 x
3.5 x
3.6 x
2.8 x
1.2 x
1.0 x
7.4 x
2.7 x
2.7 x
9.7 x
1.6 x

5.2 x
5.7 x
1.4 x
2.8 x
4.1 x

2.4 x
2.7 x
2.9 x
3.3 x

io-9

lO-.o

io-9

io-9

io-9

io-8

io-9

10-"
io-9

,0-io
10-io

io-9

,0-10

io-9

,0-io

io-9

jO- io
lO-io
jO- io
,0-10

Age 2-7 a
e(g)

1.6 x
2.0 x
2.0 x
1.6 x
6.8 x
6.4 x
3.9 x
1.3 x
1.3 x
5.3 x
7.9 x

2.9 x
3.1 x
7.2 x
1.4 x
2.0 x

1.2 x
1.4 x
1.7 x
1.7 x

io-9

,0-10

io-9

io-9

,0-10

io-9

io-9

10-"
io-9

,0-m

10-"

I O 9

, 0 - io
, 0 - io
,0-,o

io-9

,0-10
,0-10
10-io
,0-10

Age 7-12 a
e(g)

1.0 x IO-9

1.3 x 10-'°
1.4 x ID'9

1.0 x IO-9

4.4 x 10-'°
4.3 x 10'9

2.4 x JO'9

7.4 x 10-'2

8.0 x 10-'°
3.3 x ID'10

4.5 x 10-"

1.9 x IO-9

1.9 x 10-'°
4.3 x 10-'°
8.1 x 10-"
1.2 x 10'9

7.3 x 10-"
8.3 x 10-"
1.1 x 10-'°
1.0 x ID'10

Age 12-17 a
e(g)

6.5 x ID'10

8.3 x 10'"
8.8 x 10-'°
6.7 x 10-'°
2.8 x 10-'°
3.0 x IO-9

1.4 x JO'9

4.8 x ID'12

4.6 x 10-'°
2.0 x 10-'°
3.1 x 10-"

1.2 x 10 9

1.2 x 10-'°
2.4 x 10-'°
4.6 x 10-"
6.8 x 10'10

5.0 x 10-"
5.5 x 10-"
7.5 x 10-"
6.8 x 10-"

Age > 17 a
e(g)

5.1 x 10'10

6.6 x 10'"
7.1 x ID'10

5.5 x 10-'°
2.2 x 10-'°
2.6 x ID'9

1.2 x 10'9

3.8 x 10'12

3.7 x ID'10

1.6 x ID'10

2.4 x 10-"

9.4 x 10-'°
9.4 x 1Q-"
1.9 x 10-'°
3.7 x 10-"
5.5 x 10-'°

4.0 x 10-"
4.3 x 10-"
6.0 X 10'"
5.4 x 1Q-"



3

4
«>
1

1
J

i— 1
1̂ -

Ag-105
Ag-106
Ag-106m
Ag-108m
Ag-llOm
Ag-111
Ag-112
Ag-115
Cadmium
Cd-104
Cd-107
Cd-109
Cd-113
Cd-113m
Cd-115
Cd-115m
Cd-117
Cd-117m
Indium
In- 109
In-110
In- 110
In- I l l
In-112
In- 11 3m
In- 11 4m
In-115

41.0
0.399

8.41
1.27 x 102

250
7.45
3.12

0.333

0.961
6.49
1.27

9.30 x 1015

13.6
2.23
44.6
2.49
3.36

4.20
4.90
1.15
2.83

0.240
1.66
49.5

5.10 x 1015

d
h
d
a
d
d
h
h

h
h
a
a
a
d
d
h
h

h
h
h
d
h
h
d
a

0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100

0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100

0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040

3.9 x 10-9

3.7 x lO'10

9.7 x JO"9

2.1 x ID'8

2.4 x 10'8

1.4 x ID'8

4.9 x ID'9

7.2 x ID'10

4.2 x 10-'°
7.1 x 10 -'°
2.1 x 10'8

1.0 x 10-7

1.2 x ID'7

1.4 x ID'8

4.1 x ID'8

2.9 x 10'9

2.6 x lO'9

5.2 x lO'10

1.5 x 10'9

1.1 x ID'9

2.4 x 10'9

1.2 x IO'10

3.0 x ID'10

5.6 x JO'8

1.3 x 1Q-7

0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050

0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050

0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020

2.5 x 10'9

2.1 x lO'10

6.9 x 10-9

1.1 x 1(T8

1.4 x 10'8

9.3 x 1C'9

3.0 x lO'9

4.1 x lO'10

2.9 x ID'10

4.6 x 10'10

9.5 x 10'9

4.8 x 10'8

5.6 x 10'8

9.7 x lO'9

1.9 x 1<T8

1.9 x 10'9

1.7 x 10-9

3.6 * 10-'°
1.1 x 109

6.4 x 10-'°
1.7 x 10'9

6.7 x 10-"
1.8 x 10-'°
3.1 x 10'8

6.4 x ID'8

1.4 x ID'9

1.0 x 10'10

4.1 X 1Q-9

6.5 x ID'9

7.8 x 10-9

4.6 x ID'9

1.5 X ID'9

2.0 x 10-'°

1.7 x ID'10

2.3 x 10 I0

5.5 x JO'9

3.7 x ID"8

3.9 x ID'8

4.9 x lO'9

9.7 x 10-9

9.5 x 10-'°
9.0 x 10-'°

2.0 x 10-'°
6.5 x 10-'°
3.2 x 10-'°
9.1 x 10-'°
3.3 x 10-"
9.3 x 10-"
1.5 x I0~8

4.8 x JO'8

9.1 x ID'10

6.0 x 10-"
2.8 x ID'9

4.3 x ID'9

5.2 x 10'9

2.7 x ID'9

8.9 x 10'10

1.2 x ID'10

1.1 x 10-'°
1.3 x 10-'°
3.5 x ID'9

3.0 x ID'8

2.9 x ID'8

2.9 x 10'9

6.9 x ID'9

5.7 x 10-'°
5.6 x lO'10

1.3 x lO'10

4.4 x 10-'°
1.9 x 10-'°
5.9 x 10'10

1.9 x 1Q-"
6.2 x 1Q-"
9.0 x lO'9

4.3 x lO'8

5.9 x 10-'°
4.1 x 1Q-"
1.8 x ID"9

2.8 x tO'9

3.4 x ID'9

1.6 x 10'9

5.4 x 10-'°
7.7 x 10-"

7.2 x 10-"
7.8 x 10-"
2.4 x 10'9

2.6 x 10'8

2.4 x 10'8

1.7 x ID'9

4.1 x lO'9

3.5 x 10'10

3.5 x 10-'°

8.2 x 1Q-"
3.0 x JO' I0

1.3 x 10-'°
3.7 x 10-'°
1.3 x 10-"
3.6 x 10'"
5.2 x lO'9

3.6 x ID'8

4.7 x 10-'°
3.2 x 10'"
1.5 x 10-9

2.3 x 1Q-9

2.8 x JO'9

1.3 x 10-9

4.3 x 10-'°
6.0 x 1Q-"

5.4 x 10-"
6.2 x 10-"
2.0 x 10-9

2.5 x 10"8

2.3 x ID'8

1.4 x 10-9

3.3 x 10-9

2.8 x 10-'°
2.8 x 10-'°

6.6 x 10-"
2.4 x ID'10

1.0 x 10'10

2.9 x 10-'°
1.0 x 10-"
2.8 x 10-"
4.1 x ID'9

3.2 x lO'8



3

Nuclide

In- 11 5m
In- 11 6m
In-117
In- 11 7m
In- 11 9m
Tin
Sn-1 10
Sn-1 11
Sn-1 13
Sn-1 17m
Sn-1 19m
Sn-121
Sn-121m
Sn-1 23
Sn-1 23m
Sn-1 25
Sn-126
Sn-1 27
Sn-128
Antimony
Sb-115
Sb-116
Sb-116m

Physical
half-life

4.49 h
0.902 h
0.730 h

1.94 h
0.300 h

4.00 h
O.S88 h

115 d
13.6 d
293d

1.13 d
55.0 a
129 d

0.668 h
9.64 d

1.00 x 105a
2.10h

0.9*5 h

0.530 h
0.263 h

1.00 h

<-i5*

f,

0.040
0.040
0.040
0.040
0.040

0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040

0.200
0.200
0.200

5 -» * a

e(g)

9.6 x 10'10

5.8 x lO'10

3.3 x 10-'°
1.4 x 10'9

5.9 x 10-'°

3.5 x lO"9

2.5 x 10'10

7.8 x ID'9

7.7 x ID'9

4.1 x lO'9

2.6 x IO-9

4.6 x JO'9

2.5 x 10 H

4.7 x 10-'°
3.5 x IO-8

5.0 x 10'8

2.0 x JO'9

1.6 x ID'9

2.5 x lO'10

2.7 x ID'10

5.0 x 10'10

f, for
g > 1 a

0.020
0.020
0.020
0.020
0.020

0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020

0.100
0.100
0.100

Age 1-2 a
e(g)

6.0 x ID'10

3.6 x 10'10

1.9 x 10'10

8.6 x 10'10

3.2 x ID"10

2.3 x 10'9

1.5 x ID'10

5.0 x ID'9

5.0 x ID'9

2.5 x ID'9

1.7 x ID'9

2.7 x IO-9

1.6 x 10 H

2.6 x ID'10

2.2 x IO'8

3.0 x lO'8

1.3 x 1C'9

9.7 x 10-'°

1.5 x lO'10

1.6 x 10-'°
3.3 x 10'10

Age 2-7 a
e(g)

3.0 x ID'10

1.9 x lO'10

9.7 x 10-"
4.3 x JO'10

1.6 x ID'10

1.2 x ID'9

7.4 x 10-"
2.6 x ID'9

2.5 x ID'9

1.3 x 10'9

8.4 x 10-'°
1.4 x IO"9

7.8 x 10 "
1.3 x 10-'°
1.1 x 10'8

1.6 x 10'8

6.6 x 10-'°
4.9 x ID'10

7.5 x 10-"
8.0 x 10-"
1.9 x 10'10

Age 7- 12 a
e(g)

1.8 x 10-'°
1.2 x ID'10

5.8 x 10-"
2.5 x ID'10

8.8 x 10-"

7.4 x 10'10

4.4 x 1Q-"
1.6 x ID'9

1.5 x ID'9

7.5 x 10-'°
5.0 x ID"10

8.2 x IO'10

4.6 x 10 '*
7.3 x 10-"
6.7 x IO'9

9.8 x lO'9

4.0 x 10'10

3.0 x 10'10

4.5 x 10'"
4.8 x 10-"
1.2 x 10'10

Age 12-17 a
e(g)

1.1 x 10-'°
8.0 x 10-"
3.9 x 10-"
1.6 x 10'10

6.0 x 10-"

4.4 x 10'10

3.0 x 10-"
9.2 x 10-'°
8.8 x ID"10

4.3 x 10"10

2.8 x ID'10

4.7 x 10-'°
2.6 x 10 '
4.9 x 10'"
3.8 x 10'9

5.9 x 10'9

2.5 x lO'10

1.9 x ID'10

3.1 x 10-"
3.3 x 10-"
8.3 x 10-"

Age > 17 a
e(g)

8.6 x 10-"
6.4 x 10-"
3.1 x 10-"
1.2 x 10'10

4.7 x 10-"

3.5 x 10'10

2.3 x 10'"
7.3 x 10'10

7.1 x 10'10

3.4 x 10-'°
2.3 x 10-'°
3.8 x 10-'°
2.1 x 10 "
3.8 x 10-"
3.1 x 10'9

4.7 x lO'9

2.0 x 10-'°
1.5 x 10-'°

2.4 x 10-"
2.6 x 10-"
6.7 x 10-"
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CO

Sb-117
Sb-ilSm
Sb-119
Sb-120
Sb-120
Sb-122
Sb-124
Sb-124m
Sb-125
Sb-126
Sb-126m
Sb-127
Sb-128
Sb-128
Sb-129
Sb-130
Sb-131
Tellurium
Te-116
Te-121
Te-I21m
Tc-123
Te-I23m
Te-125m
Te-127
Te-127m
Te-129

2.80 h
5.00 h
1.59d
5.76 d

0.265 h
2.70 d
60.2 d

0.337 h
2.77 a
12.4 d

0.317 h
3.85 d
9.01 h

0.173H
4.32 h

0.667 h
0.383 h

2.49 h
17.0 d
154 d

1.00 x 10l3a
120 d

58.0 d
9.35 h
109 d

1.16h

0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200

0.600
0.600
0.600
0.600
0.600
0.600
0.600
0.600
0.600

1.6 x ID'10

1.3 x lO'9

8.4 x 10'10

8.1 x ID'9

1.7 x 10-'°
1.8 x IO-8

2.5 x lO'8

8.5 x 10-"
1.1 x 10'8

2.0 x ID'8

3.9 x 10-'°
1.7 x IO-8

6.3 x IO-9

3.7* x ID'10

4.3 x ID'9

9.1 x 10-'°
1.1 x ID'9

1.4 x 1C'9

3.1 x IO-9

2.7 x 10"8

2.0 x JO'8

1.9 x 10-"
1.3 x IO-8

1.5 x ID'9

4.1 x JO'8

7.5 x 10-'°

0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100

0.300
0.300
0.300
0.300
0.300
0.300
0.300
0.300
0.300

1.0 x ID'10

1.0 x 1Q-9

5.8 x ID'10

6.0 x IO-9

9.4 x 10'"
1.2 x IO-8

1.6 x IO-8

4.9 x 10-"
6.1 x 10'9

1.4 x 10'8

2.2 x 10'10

1.2 x 10'8

4.5 x ID'9

2.1 x lO'10

2.8 x IO-9

5.4 x 10-'°
7.3 x ID'10

1.0 x JO'9

2.0 x 10 "
1.2 x 10'8

9.3 x JO'9

8.8 x JO'9

6.3 x ID'9

1.2 x ID'9

1.8 x lO'8

4.4 x 10'10

5.6 x 10'"
5.8 x ID'10

3.0 x 10-'°
3.5 x ID'9

4.6 x 10-"
6.1 x ID'9

8.4 x JO'9

2.5 x 10-"
3.4 x JO'9

7.6 x IO-9

1.1 x 10-'°
5.9 x ID'9

2.4 x ID"9

1.0 x ID'10

1.5 x IO-9

2.8 x lO'10

3.9 x JO'10

5.5 x 10-'°
1.2 x 10 9

6.9 x IO-9

6.9 x ID'9

4.9 x ID'9

3.3 x JO'9

6.2 x 10~10

9.5 x IO-9

2.1 x 10-'°

3.5 x 10'"
3.9 x 10-'°
1.8 x ID'10

2.3 x ID'9

2.7 x 10-"
3.7 x IO-9

5.2 x IO-9

1.5 x 10-"
2.1 x ID'9

4.9 x ID'9

6.6 x 10-"
3.6 x IO-9

1.5 x 10'9

6.0 x 10-"
8.8 x 10-'°
1.7 x 10-'°
2.1 x 10-'°

3.4 x 10-'°
8.0 x JO'10

4.2 x JO'9

5.4 x JO'9

2.8 x ID'9

1.9 x ID'9

3.6 x lO'10

5.2 x IO-9

1.2 x ID'10

2.2 x 10-"
2.6 x 10-'°
1.0 x 10-'°
1.6 x lO'9

1.8 x 10-"
2.1 x IO-9

3.2 x IO-9

1.0 x 10-"
1.4 x JO'9

3.1 x ID'9

4.5 x 10-"
2.1 x 1C'9

9.5 x ID'10

4.1 x 10-"
5.3 x 10-'°
1.2 x 10-'°
1.4 x 10'10

2.1 x 10-'°
5.4 x ID'10

2.8 x 1C'9

4.7 x 1C'9

1.7 x ID'9

1.1 x 1C'9

2.1 x IO'10

3.0 x 10'9

8.0 x 10-"

1.8 x 10'"
2.1 x 10-'°
8.0 x 10'"
1.2 x 10'9

1.4 x 10-"
1.7 x lO"9

2.5 x 1C'9

8.0 x 10-'2

1.1 x 10'9

2.4 x IO-9

3.6 x 10-"
1.7 x IO-9

7.6 x IO-10

3.3 x 10-"
4.2 x 10'10

9.1 x 10-"
1.0 x 10'10

1.7 x 10-'°
4.3 x 10-'°
2.3 x ID'9

4.4 x ID'9

1.4 x 10'9

8.7 x 10-'°
1.7 x lO'10

2.3 x JO'9

6.3 x 10-"



(gti) ,1111

Nuclide

Te-I29m
Te-131
Te-131m
Te-132
Te-133
Te-133m
Te-134
Iodine
1-120
I-t120m
1-121
1-123
1-124
1-125
1-126
1-128
1-129
1-130
1-131
1-132
I-132m
1-133
I- 134
1-135

Physical
half-life

33.6 d
0.417 h

1.25 d
3.26 d

0.207 h
0.923 h
0.696 h

1.35 h
0.883 h

2.12 h
13.2 h
4 .18d
60.1 d
13.0 d

0.416 h
1.57 x 107 a

12.4 h
8.04 d
2.30 h
1.39 h
20.8 h

0.876 h
6.61 h

Age g

f.

0.600
0.600
0.600
0.600
0.600
0.600
0.600

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

<! a

e(g)

4.4 x 1Q-8

9.0 x 10-'°
2.0 x ID'8

4.8 x ID'8

8.4 x ID'10

3.1 x lO'9

1.1 x ID'9

3.9 x 10'9

2.3 x ID'9

6.2 x 10-'°
2.2 x lO'9

1.2 x 10'7

5.2 x 10-8

2.1 x ID'7

5.7 x ID'10

1.8 x ID'7

2.1 x 10'8

1.8 x IO-7

3.0 x 10-9

2.4 x 10'9

4.9 x 10-"
1.1 x 10-9

1.0 x 10-R

f, for
g > 1 a

0.300
0.300
0.300
0.300
0.300
0.300
0.300

1.000
1.000
1.000
i.OOO
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
I.OOO
I.OOO

Age 1-2 a
e(g)

2.4 x 10'8

6.6 x 10-'°
1.4 x 10'8

3.0 x 10'8

6.3 x 10-'°
2.4 x IO-9

7.5 x ID'10

2.8 x JO'9

1.5 x ID'9

5.3 x 10-'°
1.9 x 10-9

1.1 x IQ-7

5.7 x lO'8

2.1 x ID'7

3.3 x 10-'°
2.2 x ID'7

1.8 x 10"8

1.8 x ID'7

2.4 x 10 y

2.0 x ID"9

4.4 x 10~8

7.5 x 10-'°
8.9 x 10 9

Age 2-7 a
e(g)

1.2 x 10-8

3.5 x 10-'°
7.8 x ID'9

1.6 x IO-8

3.3 x 10-'°
1.3 x 10"9

3.9 x ID'10

1.4 x ID'9

7.8 x ID'10

3.1 x ID'10

1.1 x lO'9

6.3 x 10-8

4.1 x ID'8

1.3 x IO- 7

1.6 x lO'10

1.7 x 10-7

9.8 x 10-9

1.0 x 10 7

1.3 x 10 9

1.1 x 10 9

2.3 x ID'8

3.9 x I O ' 1 0

4.7 x I0'9

Age 7-12 a
e(g)

6.6 x 1Q-9

1.9 x 10'10

4.3 x lO'9

8.3 x 10"9

1.6 x lO'10

6.3 x JO'10

2.2 x 10-'°

7.2 x 10-'°
4.2 x 10-'°
1.7 x ID'10

4.9 x 10-'°
3.1 x 10'8

3.1 x ID'8

6.8 x ID"8

8.9 x 10-"
1.9 x ID'7

4.6 x 10'9

5.2 x 10"8

6.2 x 10-'°
5.0 x 10-|(1

1.0 x 10'8

2.1 x I Q - ' 0

2.2 x 1Q-9

Age 12-17 a
e(g)

3.9 x 10'9

1.2 x 10-'°
2.7 x IO-9

5.3 x JO"9

1.1 x 10-'°
4.1 x ID'10

1.4 x 10-'°

4.8 x 10-'°
2.9 x ID'10

1.2 x ID'10

3.3 x 10-'°
2.0 x IO-8

2.2 x ID"8

4.5 x IO-8

6.0 x 10-"
1.4 x 10" 7

3.0 x IO-9

3.4 x ID'8

4.1 x 10-'°
3.3 x 10-'°
6.8 x lO'9

1.4 x lO ' 1 0

1.4 x ID'9

Age > 17 a
e(g)

3.0 x IO-9

8.7 x 10-"
1.9 x IO-9

3.8 x ID'9

7.2 x 10-"
2.8 x 10'10

1.1 x 10-'°

3.4 x 10-'°
2.1 x ID'10

8.2 x ID'11

2.1 x 10'10

1.3 x 10'8

1.5 x lO'8

2.9 x lO'8

4.6 x 10-"
• 1 . 1 x ID'7

2.0 x 10'9

2.2 x IO-8

2.9 x 10'10

2.2 x 10-'°
4.3 x 10'9

I . I x ID'10

9.3 x 10-'°
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Caesium
Cs-125
Cs-127
Cs-129
Cs-130
Cs-131
Cs-132
Cs-134
Cs-I34m
Cs-135
Cs-135m
Cs-136
Cs-137
Cs-138
Barium8

Ba-126
Ba-128
Ba-131
Ba-131m
Ba-133
Ba-133m
Ba-135m
Ba-139
Ba-140
Ba-141
Ba-142

0.750
6.25
1.34

0.498
9.69
6.48
2.06
2.90

2.30 x IO6

0.883
13.1
30.0

0.536

1.61
2.43
11.8

0.243
10.7
1.62
1.20
1.38
12.7

0.305
0.177

h
h
d
h
d
d
a
h
a
h
d
a
h

h
d
d
h
a
d
d
h
d
h
h

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1. 000
1.000
1.000
1.000
1.000
1.000

0.600
0.600
0.600
0.600
0.600
0.600
0.600
0.600
0.600
0.600
0.600

3.9 x 10'10

1.8 x 10-'°
4.4 x 10-'°
3.3 x 10-'°
4.6 x 10-'°
2.7 x IO-9

2.6 x 10-"
2.1 x 10-'°
4.1 x 10-"
1.3 x ID'10

1.5 x 10'8

2.1 x IO-8

1.1 x IO-9

2.7 x JO'9

2.0 x IO-8

4.2 x ID'9

5.8 x 10-"
2.2 x IO-8

4.2 x 1Q-9

3.3 x ID'9

1.4 x ID"9

3.2 x IO-8

7.6 x 10-'°
3.6 x 10-'°

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200

2.2 x 10-'°
1.2 x 10-'°
3.0 x 10-'°
1.8 x 10-'°
2.9 x 10-'°
1.8 x 10 9

1.6 x 10-"
1.2 x 10 '"
2.3 x 10 "
8.6 x 10-"
9.5 x IO-9

1.2 x 1Q-8

5.9 x 10-'°

1.7 x IO-9

1.7 x 10-R

2.6 x IO-9

3.2 x 10-"
6.2 x 10 9

3.6 x IO-9

2.9 x IO-9

8.4 x 10-'°
1.8 x 10'8

4.7 x 10-'°
2.2 x 10-'°

1.1 x I O - ' ( )

6.6 x lO'"
1.7 x JO-'°
9.0 x 1Q-"
1.6 x 10-'°
1.1- x 1Q-9

1.3 x 10'8

5.9 x 10"
1.7 x 10-"
4.9 x 1Q-"
6.1 x IO-9

9.6 x IO-9

2.9 x 10-'°

8.5 x 10-'°
9.0 x ID'9

1.4 x 1Q-9

1.6 x 10-"
3.9.x 10 9

1.8 x 10 9

1.5 x lO'9

4.1 x IO"1 0

9.2 x IO-9

2.3 x 10-'°
1.1 x 10'10

6.5 x 10'"
4.2 x 1Q-"
1.1 x ID'10

5.2 x 1Q-"
1.0 x lO"10

7.7 x 10-'*'
1.4 x IO-8

3.5 x 10 "
1.7 x 10-'
3.2 x 10*"
4.4 x JO'9

1.0 x JO'8

1.7 x ID'10

5.0 x ID'10

5.2 x ID"9

9.4 x lO'10

9.3 x 1Q-'2

4.6 x 10-"
1.1 x 1Q-9

8.5 x ID'10

2.4 x 10'10

5.8 x IO-9

1.3 x ID'10

6.6 x 10-"

4.4 x 10-"
2.9 X 10'11

T.2 * 10-U
3.6 x 10-"
6.9 x 40'"
5.7 x 10-'°
1.9 x ID'8

2.5 x ID'11

2.0 x KT9

2.3 X IO/11

3.4 x ID'9

1.3 x IO'8

1.2 x lO'10

3.1 x ID'10

3.0 x ID'9

6.2 x ID'10

6.3 x 10'12

7.3 x ID'9

5.9 x 10'10

4.7 x 10'10

1.5 x' 10-'°
3.7 x 1C'9

8.6 x 10-"
4.3 x 10-"

3.5 x 10-"
2.4 x 10-"
6.0 x 10-"
2.8 x 10-"
5.8 x 10-"
5.0 x 10-'°
1.9 x ID'8

2.0 x 10-"
2.0 x 1C'9

1.9 x 10-"
3.0 x ID'9

1.3 x 10"8

9.2 x 10-"

2.6 x ID'10

2.7 x ID'9

4.5 x 10-'°
4.9 x ID'12

1.5 x ID'9

5.4 x ID'10

4.3 x 10'10

1.2 x 10-'°
2.6 x ID'9

7.0 x 10-"
3.5 x 10-"

UU \6 *-*JI« |»«jU» ̂ i f, (I)
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Lanthanum
La-131
La- 132
La-135
La-137 6.00
La-138 1.35
La- 140
La- 141
La- 142
La- 143
Cerium
Ce-134
Ce-135
Ce-137
Ce-137m
Ce-139
Ce-141
Ce-143
Ce-144

Praseodymium
Pr-136
Pr-137
Pr-138m

0.983 h
4.80 h
19.5 h

x IO4 a
x 10" a

1.68 d
3.93 h
1.54 h

0.237 h

3.00 d
17.6 h
9.00 h
1.43d
138 d

32.5 d
1.38d
284 d

0.218 h
1.28h
2.10h

j-igt.

fi

0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005

0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005

0.005
0.005
0.005

6 ^ i a

e(g)

3.5 x 10-'°
3.8 x lO'9

2.8 x 10-'°
1.1 x ID'9

1.3 x ID'8

2.0 x 10'8

4.3 x 1C'9

1.9 x IO-9

6.9 x 10'10

2.8 x 10'8

7.0 x ID'9

2.6 x lO'10

6.1 x ID'9

2.6 x IO-9

8.1 x 10'9

1.2 x 1Q-8

6.6 x IO-8

3.7 x lO'10

4.1 x 10-'°
1.0 x 10'9

f, for
g > 1 a

5.0 x 10'4

5.0 x 10'4

5.0 x IO-4

5.0 x 10'4

5.0 x ID'4

5.0 x ID'4

5.0 x 1C'4

5.0 x 10'4

5.0 x ID'4

5.0 x 1C'4

5.0 x IO-4

5.0 x IO-4

5.0 x 10'4

5.0 x ID'4

5.0 x ID'4

5.0 x ID'4

5.0 x ID'4

5.0 x ID'4

5.0 x IO-4

5.0 x IO-4

Age 1-2 a
e(g)

2.1 x
2.4 x
1.9 x
4.5 x
4.6 x
1.3 x
2.6 x
1.1 x
3.9 x

1.8 x
4.7 x
1.7 x
3.9 x
1.6 x
5.1 x
8.0 x
3.9 x

2.1 x
2.5 x
7.4 x

io-10

io-9

io-'°
io-'°
io-9

10'8

io-9

io-9

io-'°

io-8

io-9

,0 u>
io-9

io-9

io-9

io-9

io-8

,0-.o

io-10

io-10

Age 2-7 a
e(g)

1.1 x
1.3 x
1.0 x
2.5 x
2.7 x
6.8 x
1.3 x
5.8 x
1.9 x

9.1 x
2.6 x
8.8 x
2.0 x
8.6 x
2.6 x
4.1 x
1.9 x

1.0 x
1.3 x
4.1 x

io-'°
io-9

io-'°
,0-io

io-9

io-9

io-9

jO-.o
,0-io

io-9

io-9

10-"
io-9

to-10

io-9

io-9

ID'8

,0-io
,0-io
|0-io

Age 7-12 a
e(g)

6.6 x
7.8 x
6.4 x
1.6 x
1.9 x
4.2 x
7.6 x
3.5 x
1.1 x

5.5 x
1.6 x
5.4 x
1.2 x
5.4 x
1.5 x
2.4 x
1.1 x

6.1 x
7.7 x
2.6 x

10-"
10-io

10-"
10-io

io-9

io-9

,0-io
,0-io
10-io

io-9

io-9

10-"
io-9

io-'°
io-9

io-9

io-8

10-"
10-"
,0-.o

Age 12-17 a
e(g)

4.4 x
4.8 x
3.9 x
1.0 x
1.3 x
2.5 x
4.5 x
2.3 x
7.1 x

3.2 x
1.0 x
3.2 x
6.8 x
3.3 x
8.8 x
1.4 x
6.5 x

4.2 x
5.0 x
1.6 x

10-"
io-'°
10-"
,0-io

io-9

io-9

io-'°
,0-io
10-"

io-9

io-9

10-"
,0-io
,0-io
,0-.o

io-9

io-9

10-"
10-"
,0-10

Age > 17 a
e(g)

3.5 x 10-"
3.9 x ID'10

3.0 x 10'"
8.1 x 10-"
1.1 x IO-9

2.0 x ID'9

3.6 x ID'10

1.8 x 10-'°
5.6 x 10-"

2.5 x JO'9

7.9 x 10'10

2.5 x 10-"
5.4 x 10-'°
2.6 x 10-'°
7.1 x 10-'°
1.1 x ID'9

5.2 x ID'9

3.3 x 10-"
4.0 x 10-"
1.3 x 10-'°
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Pr-139
Pr-142
Pr-142m
Pr-143
Pr-144
Pr-145
Pr-147
Neodymium
Nd-136
Nd-138
Nd-139
Nd-139m
Nd-141
Nd-147
Nd-149
Nd-151
Promethium
Pm-141
Pm-143
Pm-144
Pm-145
Pm-146
Pm-147
Pm-148
Pm-148m
Pm-149
Pm-150
Pm-151

4.51 h
19.1 h

0.243 h
13.6 d

0.288 h
5.98 h

0.227 h

0.844 h
5.04 h

0.495 h
5.50 h
2.49 h
11.0 d
1.73 h

0.207 h

0.348 h
265 d
363d
17.7 a
5.53 a
2.62 a
5.37 d
41.3d
2.21 d
2.68 h
1.18d

0.005
0.005
0.005
0.005
0.005
0.005
0.005

0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005

0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005

3.2 x 10-'°
1.5 x 10'8

2.0 x 10-'°
1.4 x 10'8

6.4 x lO'10

4.7 x 10'9

3.9 x 10'10

1.0 x JO'9

7.2 x 1C'9

2.1 x 10-'°
2.1 x JO'9

7.8 x 10-"
1.2 x 10'8

1.4 x ID"9

3.4 X 10-'°

4.2 x 10'10

1.9 x ID'9

7.6 x lO'9

1.5 x lO'9

1.0 x ID'8

3.6 x 10'9

3.0 x 10'8

1.5 x lO'8

1.2 x ID'8

2.8 x ID'9

8.0 x lO"9

5.0 x IO-4

5.0 x ID'4

5.0 x IO-4

5.0 x IO-4

5.0 x ID'4

5.0 x IO-4

5.0 x IO-4

5.0 x IO-4

5.0 x ID'4

5.0 x IO-4

5.0 x IO-4

5.0 x ID'4

5.0 x ID'4

5.0 x IO-4

5.0 x 10'4

5.0 x 1Q-4

5.0 x 10'4

5.0 x JO'4

5.0 x 10-"
5.0 x ID'4

5.0 x 1Q-4

5.0 x ID'4

5.0 x ID'4

5.0 x ID'4

5.0 x IO-4

5.0 x ID'4

2.0 x IO-10

9.8 x 10'9

1.2 x ID'10

8.7 x 10'9

3.5 x IO'10

2.9 x ID'9

2.2 x 10'10

6.1 x 10-'°
4.5 x IO-9

1.2 x 10-'°
1.4 x 10'9

5.0 x 1Q-"
7.8 x 10'9

8.7 x ID'10

2.0 x 10-'°

2.4 x 10-'°
1.2 x IO-9

4.7 x ID'9

6.8 x JO'10

5.1 x 10'9

1.9 x ID'9

1.9 x 10'8

1.0 x ID'8

7.4 x 10'9

1.7 x IO-9

5.1 x ID'9

1.1 x 10-'°
4.9 x 1Q-9

6.2 x 10'"
4.3 x ID'9

1.7 x 10'10

1.4 x IO'9

1.1 x ID'10

3.1 x 10-'°
2.3 x 10 9

6.3 x IQ-"
7.8 x 10-'°
2.7 x 1Q-"
3.9 x 1C'9

4.3 x 10-'°
9.7 x 10-"

1.2 x 10'10

6.7 x ID'10

2.7 x IO-9

3.7 x 10-'°
2.8 x 1C'9

9.6 x 10'10

9.7 x 10'9

5.5 x JO'9

3.7 x IO-9

8.7 x 10'10

2.6 x lO'9

6.5 x 10-"
2.9 x ID'9

3.7 x 10-"
2.6 x 10'9

9.5 x 10'"
8.5 x ID'10

6.1 x 10-"

1.9 x IQ-10

1.3 x lO'9

3.7 x 10-"
5.0 x 10-'°
1.6 x 10-"
2.3 x IO-9

2.6 x ID'10

5.7 x 10-"

6.8 x 1Q-"
4.4 x 10-'°
1.8 x ID'9

2.3 x 10-'°
1.8 x 10'9

5.7 x 10-'°
5.8 x 10'9

3.5 x IO-9

2.2 x lO'9

5.2 x lO'10

1.6 x ID'9

4.0 x 10'1 '
1.6 x 10'9

2.1 x lO"1 1

1.5 x ID'9

6.5 x 10-"
4.9 x ID'10

4.2 x IO-11

1.2 x 10'10

8.0 x 10'10

2.5 x 10-"
3.1 x lO'10

1.0 x 10-"
1.3 x IO-9

1.6 x ID'10

3.8 x ID'11

4.6 x 10-'1

2.9 x 10-'°
1.2 x 10'9

1.4 x 10-'°
1.1 x 10'9

3.2 x 10-'°
3.3 x 10'9

2.2 x 1C'9

1.2 x IO-9

3.2 x ID'10

9.1 x 10-'°

3.1 x 10-"
1.3 x 1C'9

1.7 x 10-"
1.2 x 10'9

5.0 x 10-"
3.9 x lO'10

3.3 x 10-"

9.9 x 10'"
6.4 x 10-'°
2.0 x 10-"
2.5 x 10-'°
8.3 x ID'12

1.1 x ID'9

1.2 x lO'10

3.0 x 10-"

3.6 x 10-"
2.3 x ID'10

9.7 x 10"10

1.1 x ID'10

9.0 x ID'10

2.6 x ID'10

2.7 x ID'9

1.7 x ID'9

9.9 x 10-'°
2.6 x ID'10

7.3 x ID'10
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Nuclide

Samarium
Sm-141
Sm-141m
Sm-142
Sm-145
Sm-146
Sm-147
Sm-151
Sm-153
Sm-155
Sm-156
Europium
Eu-145
Eu-146
Eu-147
Eu-148
Eu- 149
Eu-150
Eu-150
Eu-152
Eu-152m
Eu-154
Eu-155

Physical
half-life

0.170h
0.377 h

1.21 h
340 d

1.03 x 108a
1.06 x 10n a

90.0 a
1.95d

0.368 h
9.40 h

5.94 d
4.61 d
24.0 d
54.5 d
9 3 . I d
34. 2 a
12. 6 h
13.3 a
9.32h
8. 80 a
4.96 a

Age g

f'

0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005

0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005

<1 a

e(g)

4.5 X 10-'°
7.0 X 10-'°
2.2 x ID'9

2.4 x JO'9

1.5 x 10-6

1.4 x lO'6

1.5 x lO'9

8.4 x ID'9

3.6 x lO'10

2.8 x IQ-9

5.1 x 10'9

8.5 x ID'9

3.7 x 10-9

8.5 x ID"9

9.7 x 10-'°
1.3 x 10'8

4.4 x 10'9

1.6 x 1Q-8

5.7 x 10'9

2.5 x lO'8

4.3 x 10'9

f, for
g > 1 a

5.0 x 10-4

5.0 x 1Q-4

5.0 x 10-4

5.0 x 10'4

5.0 x ID'4

5.0 x 10-4

5.0 x 10-4

5.0 x 10-4

5.0 x lO'4

5.0 x 10 4

5.0 x 10-4

5.0 x 10-4

5.0 x 10-4

5.0 x lO ' 4

5.0 x I Q - 4

5.0 x 10-4

5.0 x 10-4

5.0 x 10-4

5.0 x 10-4

5.0 x 10-4

5.0 x 10 4

Age 1-2 a
e(g)

2.5 x 10-'°
4.0 x 10'10

1.3 x ID'9

1.4 x 1Q-9

1.5 x I0'7

1.4 x 10-7

6.4 x 10-'°
5.4 x 10-9

2.0 x 10- I0

1.8 x 10'9

3.7 x 1Q-9

6.2 x 1Q-9

2.5 x 1Q-9

6.0 x 1Q-9

6.3 x 10'10

5.7 x IO-9

2.8 x IQ-9

7.4 x 10 9

3.6 x 1Q-9

1.2 x 10'8

2.2 x 10 9

Age 2-7 a

1.3 x 10'10

2.0 x 10-'°
6.2 x 10-'°
7.3 x 10-'°
1.0 x 10'7

9.2 x 10-8

3.3 x 10-'°
2.7 x 10-9

9.7 x 10-"
9.0 x 10-'°

2.1 x IO-9

3.6 x 10-9

1.4 x 10'9

3.5 x 10 9

3.4 x 10-"1

3.4 x 10-9

1.4 x 10'9

4.1 x 10 9

1.8 x ID'9

6.5 x 10"9

1.1 x 10 '>

Age 7-12 a
e(g)

7.3 x 1Q-"
1.2 x 10-'°
3.6 x lO'10

4.5 x 10-'°
7.0 x 1Q-8

6.4 x IO-"
2.0 x 10-'°
1.6 x 10"9

5.5 x 10-"
5.4 x 10'10

1.4 x 1Q-9

2.4 x lO'9

8.9 x 10'10

2.4 x 10'9

2.1 x 10'10

2.3 x 10'9

8.2 x 10'10

2.6 x 10'9

1.1 x 10'9

4.1 x 10'9

6.8 x 10 "'

Age 12-17 a
e(g)

5.0 x 10-"
8.2 x 10-"
2.4 x ID'1 0

2.7 x 10-'°
5.8 x 10-*
5.2 x ID"8

1.2 x 10-'°
9.2 x ID'10

3.7 x 1Q-"
3.1 x ID'10

9.4 x ID'10

1.6 x 10-9

5.6 x 10-'°
1.6 x 10-9

1.3 x 10-'°
1.5 x 10-9

4.7 x 10'10

1.7 x ID'9

6.2 x 10-'°
2.5 x 10 9

4.0 x 10-'°

Age > 17 a
e(g)

3.9 x 10-"
6.5 x 10-"
1.9 x 10-'°
2.1 x 1.0-'°
5.4 x JO'8

4.9 x 10'8

9.8 x 10-"
7.4 x 10-'°
2.9 x 10-"
2.5 x 10-'°

7.5 x 10-'°
1.3 x 10-9

4.4 x 10-'°
1.3 x 10-9

1.0 x 10-'°
1.3 x ID'9

3.8 x 10-'°
1.4 x ID'9

5.0 x JO'10

2.0 x 10-9

3.2 x lO'10
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Eu-156
Eu-157
Eu-158
Gadolinium
Gd-145
Gd-146
Gd-147
Gd-148
Gd-149
Gd-151
Gd-152
Gd-153
Gd-159
Terbium
Tb-147
Tb-149
Tb-150
Tb-15I
Tb-153
Tb-154
Tb-155
Tb-156
Tb-156m
Tb-156m
Tb-157
Tb-158
Tb-160
Tb-161

15.2
15.1

0.765

0.382
48.3
1.59
93.0
9.40
120

1.08 X IO14

242
18.6

1.65
4.15
3.27
17.6
2.34
21.4
5.32
5.34
1.02
5.00

1.50 x IO2

1.50 x IO2

72.3
6.91

d
h
h

h
d
d
a
d
d
a
d
h

h
h
h
h
d
h
d
d
d
h
a
a
d
d

0.005
0.005
0.005

0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005

0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005

2.2 x 10 8

6.7 x 10'9

1.1 x 10'9

4.5 x 10-'°
9.4 x ID'9

4.5 x IO-9

1.7 x ID'6

4.0 x JO'9

2.1 x IO-9

1.2 x 1Q-6

2.9 X IO-9

5.7 x ID'9

1.5 x 10'9

2.4 X 10'9

2.5 x ID'9

2.7 x 10'9

2.3 x ID'9

4.7 x 1C'9

1.9 x IO-9

9.0 x 1C'9

1.5 x ID'9

8.0 x 10'10

4.9 x IO-10

1.3 x 10'8

1.6 x ID'8

8.3 x IO-9

5.0 x 10 4

5.0 x IO-4

5.0 x 10-"

5.0 x IO"4

5.0 x IO- 4

5.0 x IO-4

5.0 x 1Q-4

5.0 x IO- 4

5.0 x IO- 4

5.0 x 10 4

5.0 x ID"4

5.0 x ID'4

5.0 x IQ-4

5.0 x lO'4

5.0 x IO-4

5.0 x ID'4

5.0 x IO- 4

5.0 x 10 4

5.0 x IO-4

5.0 x 1Q-4

5.0 x IO-4

5.0 x IO-4

5.0 x ID"4

5.0 x 10 4

5.0 x ID'4

5.0 x 10 4

1.5 x
4.3 x
6.2 x

2.6 x
6.0 x
3.2 x
1.6 x
2.7 x
1.3 x
1.2 x
1.8 x
3.6 x

1.0 x
1.5 x
1.6 x
1.9 x
1.5 x
3.4 x
1.3 x
6.3 x
1.0 x
5.2 x
2.2 x
5.9 x
1.0 x
5.3 x

10 *
io-9

io- '°

| 0-io

io-9

10 -9

io-7

io-9

io-y

io-7

io-9

10 -9

10 -9

io-9

io-9

io-9

io-9

I O 9

io-9

io-9

io-9

1 0- io
10 - io

10 "
io-8

10"

7.5 x
2.2 x
3.1 x

1.3 x
3.2 x
1.8 x
1.1 x
1.5 x
6.8 x
7.7 x
9.4 x
1.8 x

5.4 x
8.0 x
8.3 x
1.0 x
8.2 x
1.9 x
6.8 x
3.5 x
5.6 x
2.7 x
1.1 x
3.3 x
5.4 x
2.7 x

10"
10 9

, 0 - i o

| 0-io

10 g

10 9

I O 7

io-9

,0 io

10 x

,0- io

io-9

lO- io
,0-io
,0-m

io-9

10 I0

10 9

,0-m

io-9

,0 -u .
1 0- io
m- io

10"
io-9

1 0 "

4.6 x 10 9

1.3 X 10 -y

1.8 x 10-'°

8.1 x 10-"
2.0 x IO- 9

1.2 x 10'9

7.3 x 10"8

9.3 x lO"10

4.2 x 10 ll)

5.3 x JO'8

5.8 x 10-'°
1.1 x ID'9

3.3 x 10-'°
5.0 x 10-'°
5.1 x lO'10

6.7 x IQ-10

5.1 x ID'10

1.3 x io-g

4.3 x ID'10

2.3 x 1C'9

3.5 x 10-'°
1.7 x 10'10

6.8 x 10-"
2.1 x 10 9

3.3 x ID'9

1.6 x IO-9

2.7 x 10 9

7.5 x 10 I0

1.2 x 10-'°

5.6 x 10-"
1.2 x IO-9

7.7 x 10-'°
5.9 x IO-8

5.7 x 10-'°
2.4 x 10-'°
4.3 x IO-8

3.4 X 10-'°
6.2 x 10-'°

2.0 x ID'10

3.1 x 10-'°
3.2 x 10-'°
4.2 x 10-'°
3.1 x IO"10

8.1 x 10 10

2.6 x 10-'°
1.5 x IO-9

2.2 x 10-'°
1.0 x 10-'°
4.1 x 10'"
1.4 x 10'9

2.0 x ID'9

9.0 x lO' 1 0

2.2 x 10'9

6.0 x 10-'°
9.4 x 10'"

4.4 x 10-"
9.6 x 10-'°
6.1 x ID'10

5.6 x ID'8

4.5 x 10'10

2.0 x 10-'°
4.1 x 10'8

2.7 x 10'10

4.9 x ID'10

1.6 x ID'10

2.5 x 10-'°
2.5 x 10'10

3.4 x lO'10

2.5 x lO'10

6.5 x 10-'°
2.1 x 10~10

1.2 x ID'9

1.7 x 10'10

8.1 x 10-"
3.4 x 10'"
1.1 x ID'9

1.6 x ID'9

7.2 x 10'10
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Nuclide

Dysprosium
Dy-155
Dy-157
Dy-159
Dy-165
Dy-166
Holmium
Ho- 155
Ho- 157
Ho- 159
Ho-161
Ho- 162
Ho- 162m
Ho- 164
Ho- 164m
Ho- 166
Ho- 166m
Ho- 167
Erbium
Er-161
Er-165
Er-169
Er-171
Er-172

Physical
half-life

lO .Oh
8.10 h
144 d

2.33 h
3.40 d

0.800 h
0.210 h
0.550 h

2.50 h
0.250 h

1.13 h
0.483 h
0.625 h

1.12d
1.20 x IO3 a

3.10h

3.24 h
10.4 h
9.30 d
7.52 h
2.05 d

Ageg

f,

0.005
0.005
0.005
0.005
0.005

0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005

0.005
0.005
0.005
0.005
0.005

; < 1 a

e(g)

9.7 x 10-'°
4.4 x ID'10

1.0 x JO'9

1.3 x 10'9

1.9 x lO'8

3.8 x 10-'°
5.8 X 10-"
7.1 X 10-"
1.4 x lO'10

3.5 x 10-"
2.4 x ID'10

1.2 x ID'10

2.0 x lO'10

1.6 x 1Q-8

2.6 x IO-8

8.8 x 10-'°

6.5 x 10-'°
1.7 x 10-'°
4.4 x 10'9

4.0 x |Q-9

1.0 x IO'8

f, for
g > 1 a

5.0 x IO-4

5.0 x IO-4

5.0 x IO-4

5.0 x 10 4

5.0 x lO'4

5.0 x lO'4

5.0 x IO-4

5.0 x ID'4

5.0 x ID'4

5.0 x lO'4

5.0 x 1Q-4

5.0 x ID'4

5.0 x 1Q-4

5.0 x lO'4

5.0 x ID'4

5.0 x 10'4

5.0 x IO-4

5.0 x 10-"
5.0 x ID'4

5.0 x IO- 4

5.0 x 10 4

Age 1-2 a
e(g)

6.8 x 10'10

3.1 x 10-'°
6.4 x 10'10

7.9 x 10 I0

1.2 x ID'8

2.3 x lO'10

3.6 x 10-"
4.3 x 10-"
8.1 x 10'"
2.0 x 10-"
1.5 x 10'10

6.5 x 10-"
1.1 x lO'10

1.0 x 10'8

9.3 x ID'9

5.5 x 10'10

4.4 x lO'10

1.1 x 10-'°
2.8 x ID"9

2.5 x IO-9

6.8 x 10 9

Age 2-7 a
e(g)

3.8 x 10-'°
1.8 x 10-'°
3.4 x 10-'°
3.9 x IO" 1 0

6.0 x IO-9

1.2 x 10-'°
1.9 x 10-"
2.3 x 10-"
4.2 x 10-"
1.0 x 10-"
7.9 x 10'"
3.2 x 10-"
5.5 x 10-"
5.2 x ID'9

5.3 x IO-9

2.8 x IO'1 0

2.4 x 10-'°
6.2 x 10-"
1.4 x JO'9

1.3 x 10 9

3.5 x 10 *

<»l

Age 7-12 a
e(g)

2.5 x 10-'°
1.2 x 10-'°
2.1 x 10-'°
2.3 x 10'10

3.6 x JO'9

7.1 x 10-"
1.2 x 10-"
1.4 x 10-"
2.5 x 10-"
6.0 x 10'12

4.9 x 10-"
1.8 x 10-"
3.2 x 10-"
3.1 x 10'9

3.5 x ID'9

1.7 x 10-'°

1.6 x |0-'°
3.9 x 10-"
8.2 x ID'10

7.6 x 10 I0

2.1 x 10"

I) LuoL*,-^

Age 12-17 a
e(g)

1.6 x 10-'°
7.7 x 10-"
1.3 x IO-'°
1.4 x 10-'°
2.0 x ID'9

4.7 x 1Q-"
8.1 x 10-'2

9.9 x 10-'2

1.6 x 10-"
4.2 x 10-'2

3.3 x 10-"
1.2 x 1Q-"
2.1 x 10-"
1.7 x ID'9

2.4 x 10'9

1.0 x ID'10

1.0 x 10-'°
2.4 x 10-"
4.7 x 10-'°
4.5 x ID'10

1.3 x 10 "

liJI Jja^JI

Age > 17 a
e(g)

1.3 x ID'10

6.1 x 10-"-
1.0 x 10-'°
1.1 x 10-'°
1.6 x lO'9

3.7 x 10-"
6.5 x 10-'2

7.9 x 10'12

1.3 x 10-"
33 x ID'12

2.6 x 10-"
9.5 x 10-'2

1.6 x 10-"
1.4 x IO-9

2.0 x ID'9

8.3 x 10-"

8.0 x 10-"
1.9 x 10-"
3.7 x IO-10

3.6 x 10'10

1.0 x IO-9
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Thulium
Tm-162
Tm-166
Tm-167
Tm-I70
Tm-171
Tm-172
Tm-173
Tm-175
Ytterbium
Yb-162
Yb-166
Yb-167
Yb-169
Yb-175
Yb-177
Yb-178
Lutetium
Lu-169
Lu-170
Lu-171
Lu-172
Lu-173
Lu-174
Lu-174m
Lu-176
Lu-176m

0.362
7.70
9.24

129
1.92
2.65
8.24

0.253

0.315
2.36

0.292
32.0
4.19
1.90
1.23

1.42
2.00
8.22
6.70

h
h
d
d
a
d
h
h

h
d
h
d
d
h
h

d
d
d
d

1.37 a
3.31
142

3.60 x 10'°
3.68

a
d
a
h

0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005

0.005
0.005
0.005
0.005
0.005
0.005
0.005

0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005

2.9 x 10-'°
2.1 x IO-9

6.0 x ID"9

1.6 x JO"8

1.5 x 10'9

1.9 x ID'8

3.3 x ID'9

3.1 x 10-'°

2.2 x 10-'°
7.7 x ID'9

7.0 x 10-"
7.1 x ID'9

5.0 x ID'9

1.0 x 1C'9

1.4 x ID'9

3.5 x ID'9

7.4 x ID'9

5.9 x ID'9

1.0 x ID"8

2.7 x ID"9

3.2 x IO-9

6.2 x ID'9

2.4 x ID'8

2.0 x 10'9

5.0 x 10 4

5.0 x 10 4

5.0 x IO-4

5.0 x IO-4

5.0 x IO-4

5.0 x IO-4

5.0 x ID'4

5.0 x IO-4

5.0 x 10 4

5.0 x IO-4

5.0 x IO-4

5.0 x IO-4

5.0 x IO-4

5.0 x ID'4

5.0 x 1Q-4

5.0 x 10'4

5.0 x ID'4

5.0 x lO'4

5.0 x 10'4

5.0 x ID'4

5.0 x 10'4

5.0 x ID'4

5.0 x lO'4

5.0 x lO'4

1.7 x ID'10

1.5 x IO'9

3.9 x 1Q-9

9.8 x ID'9

7.8 x lO'10

1.2 x 10'8

2.1 x ID'9

1.7 x ID'10

1.3 x lO'10

5.4 x 10'9

4.1 x 10-"
4.6 x 10'9

3.2 x IO-9

6.8 x 10-'°
8.4 x lO'10

2.4 x 1C'9

5.2 x IO-9

4.0 x 10"9

7.0 x ID'9

1.6 x 10'9

1.7 x 10'9

3.8 x IO-9

1.1 x 10'8

1.2 x lO'9

8.7 x 10 "
8.3 x 10 l(l

2.0 x 10'9

4.9 x ID'9

3.9 x lO'10

6.1 x 10 9

1.1 x 10'9

8.6 x 10-"

6.9 x 10"
2.9 x IO-9

2.1 x 1Q-"
2.4 x ID'9

1.6 x 10'9

3.4 x 10'10

4.2 x ID'10

1.4 x JO'9

2.9 x ID'9

2.2 x ID'9

3.9 x ID'9

8.6 x ID'10

9.1 x lO'10

1.9 x ID'9

5.7 x 1C'9

6.0 x ID'10

5.2 x 10"
5.5 x 10-'°
1.2 x IO-9

2.9 x ID'9

2.3 x 10-'°
3.7 x IO-9

6.5 x 10-'°
5.0 x 10-"

4.2 x 10-"
1.9 x IO-9

1.2 x 10-"
1.5 x ID'9

9.5 x 10-'°
2.0 x 10'10

2.4 x ID'10

8.9 x 10-'°
1.9 x IO-9

1.4 x ID'9

2.5 x IO-9

5.3 x 10-'°
5.6 x ID'10

1.1 x ID'9

3.5 x IO-9

3.5 x 10-'°

3.6 x 1Q-"
3.5 x 10 '"
7.0 x IO'1 0

1.6 x ID'9

1.3 x ID'10

2.1 x 10'9

3.8 x ID"10

3.4 x 10'"

2.9 x 10'"
1.2 x JO'9

8.4 x 10'12

8.8 x ID"10

5.4 x 10'10

1.1 x 10-'°
1.5 x 10-'°

5.7 x 10-'°
1.2 x 10'9

8.5 x 10-'°
1.6 x ID'9

3.2 x ID'10

3.3 x ID'10

6.6 x lO'10

2.2 x 10'9

2.1 x 10'10

2.9 x 10'"
2.8 x 10-'°
5.6 x 10-'°
1.3 x JO'9

1.1 x 10'10

1.7 x IO-9

3.1 x ID'10

2.7 x ID'"

2.3 x 1Q-"
9.5 x ID'10

6.7 x 1Q-'2

7.1 x 10'10

4.4 x 10'10

8.8 x 10-"
1.2 x 10-'°

4.6 x 10-'°
9.9 x lO'10

6.7 x IO-10

1.3 x ID'9

2.6 x 10-'°
2.7 x 10-'°
5.3 x 10-'°
1.8 x lO'9

1.7 x ID'10



CNoo
i— <

3

Nuclide

Lu-177
Lu-177m
Lu-178
Lu-178m
Lu-179
Hafnium
Hf-170
Hf-172
Hf-173
Hf-175
Hf-177m
Hf-178m
Hf-179m
Hf-180m
Hf-181
Hf-182
Hf-182m
Hf-183
Hf-184
Tantalum
Ta-172
Ta-173
Ta-174

Physical
half-life

6.71 d
161 d

0.473 h
0.378 h

4.59 h

16.0 h
1.87 a
24.0 h
70.0 d

0.856 h
31.0 a
25.1 d
5.50 h
42.4 d

9.00 x 106 a
1.02 h
1.07 h
4.12 h

0.613 h
3.65 h
1 .20h

Ageg

f,

0.005
0.005
0.005
0.005
0.005

0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020

0.010
0.010
0.010

; si a

e(g)

6.1 x 1Q-9

1.7 x 10'8

5.9 x lO'10

4.3 x lO'10

2.4 x 10'9

3.9 x IQ-9

1.9 x 10'8

1.9 x 10 9

3.8 x 10'9

7.8 x 10-'°
7.0 x 10'8

1.2 x 10'8

1.4 x 10'9

1.2 x 10'8

5.6 x 10'8

4.1 x 10'10

8.1 x lO'10

5.5 x 10-9

5.5 x 10-'°
2.0 x 10'9

6.2 x 10'10

f, for
g > 1 a

5.0 x 10 4

5.0 x ID'4

5.0 x 10-4

5.0 x 10 4

5.0 x 10'4

0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002

0.001
0.001
0.001

Age 1 -2 a
e(g)

3.9 x 10 y

1.1 x 1Q-8

3.3 x ID'10

2.4 x ID'1 0

1.5 x IO- 9

2.7 x 10-9

6.1 x ID'9

1.3 x IO'9

2.4 x ID'9

4.7 X 10-'°
1.9 x ID'8

7.8 x 10-9

9.7 x 10-'°
7.4 x JO'9

7.9 x 1C'9

2.5 x 10-'°
4.8 x JO'1 0

3.6 x 10-9

3.2 x lO'10

1.3 x 10-9

3.7 x 10-"'

Age 2-7 a
e(g)

2.0 x 10 y

5.8 x 10 9

1.6 x IQ-"1

1.2 x 10-'"
7.5 x 10 '"

1.5 x lO"9

3.3 x 10-9

7.2 x 10-'°
1.3 x 10 9

2.5 x 10-'°
1.1 x 10'8

4.1 x 10'9

5.3 x lO'1 0

3.8 x 10'9

5.4 x JO'9

1.3 x lO'1 0

2.4 x 10-'°
1.8 x ID"9

1.6 x 10'10

6.5 x ID' 1 "
1.9 x 10 m

<0l

Age 7-12 a
e(g)

1.2 x 10 °
3.6 x 10-9

9.0 x 10-"
7.1 x 1Q-"
4.4 x 10 "'

9.5 x 10-'°
2.0 X ID'9

4.6 x ID'1 0

8.4 x 10 • '"
1.5 X 10-'°
7.8 x ID'9

2.6 x 10-9

3.3 x 10-'°
2.3 x 10-9

4.0 x 10-9

7.8 x 10-"
1.4 x 10'10

1.1 x 10-9

9.8 x 10 "
3.9 x IO' 1 0

1.1 x 10-"'

3) LuAU-gil

Age 12-17 a
e(g)

6.6 x 10 "'
2.1 X 1Q-9

6.1 X 1Q-"
4.9 X IQ-"
2.6 x 10-'°

6.0 x 10-'°
1.3 x ID'9

2.8 x ID'1 0

5.2 x 10 l()

1.0 x 10-'°
5.5 x 1Q-9

1.6 x 10'9

2.1 x 10-'°
1.4 X ID"9

3.3 x 10'9

5.2 x 10'"
9.3 x 10'"
6.6 x 10'10

6.6 x 10'"
2.4 x 10-'°
7.2 x 10'"

111) Jj.x»JI

Age > 17 a
e(g)

5.3 x 10-'°
1.7 x 10-9

4.7 x 10-"
3.8 x 10-"
2.1 x ID'10

4.8 x 10-10

1.0 x 10-9

2.3 x 10-'°
4.1 x ID"10

8.1 x 10-"
4.7 x 10-9

1.2 x ID'9

1.7 x ID'10

1.1 x 10-9

3.0 x ID'9

4.2 x 10-"
7.3 x 1Q-"
5.2 x 10-'°

5.3 x 10-"
1.9 x lO'10

5.7 x 10'"
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Ta-175
Ta-176
Ta-177
Ta-178
Ta-179
Ta-180
Ta-180m
Ta-182
Ta-182m
Ta-183
Ta-184
Ta-185
Ta-186
Tungsten
W-176
W-177
W-178
W-179
W-181
VV-185
W-187
W-188

Rhenium
Re- 177
Re- 178
Re-181
Re- 182

10.5 h
8.08 h
2.36d
2.20 h
1.82 a

1.00 x IO13 a
8.10 h
115 d

0.264 h
5.10d
8.70 h

0.816 h
0.175 h

2.30 h
2.25 h
21.7 d

0.625 h
121 d

75.1 d
23.9 h
69.4 d

0.233 h
0.220 h

20.0 h
2.67 d

0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010

0.600
0.600
0.600
0.600
0.600
0.600
0.600
0.600

1.000
1.000
1.000
1.000

1.6 x
2.4 x
1.0 x
6.3 x
6.2 x
8.1 x
5.8 x
1.4 x
1.4 x
1.4 x
6.7 x
8.3 x
3.8 x

6.8 x
4.4 x
1.8 x
3.4 x
6.3 x
4.4 x
5.5 x
2.1 x

2.5 x
2.9 x
4.2 x
1.4 x

io-9

io-9

io-9

,0-m

io-'°
io-9

I0-io

10'8
,0-io

io-8

io-9

,0-10
,0-10

,0-m
10-io

io-9

10-"
,0-m

io-9

io-9

io-8

,0-.o
,0-io

io-9

io-8

0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001

0.300
0.300
0.300
0.300
0.300
0.300
0.300
0.300

0.800
0.800
0.800
0.800

1.1 x
1.7 x
6.9 x
4.5 x
4.1 x
5.3 x
3.7 x
9.4 x
7.5 x
9.3 x
4.4 x
4.6 x
2.1 x

5.5 x
3.2 x
1.4 x
2.0 x
4.7 x
3.3 x
4.3 x
1.5 x

1.4 x
1.6 x
2.8 x
8.9 x

io-9

io-9

,0- io
,0- io

10- ">
io-9

,0-.o

io-9

10-"
io-9

io-9

,0-io
,0-.o

,0-.o
10-io

io-9

10-"
io-'°
io-9

io-9

io-8

IO"10

,0-io

!0-9

io-9

6.2 x
9.2 x
3.6 x
2.4 x
2.2 x
2.8 x
1.9 x
5.0 x
3.7 x
4.7 x
2.3 x
2.3 x
l.l x

3.0 x
1.7 x
7.3 x
1.0 x
2.5 x
1.6 x
2.2 x
7.7 x

7.2 x
7.9 x
1.4 x
4.7 x

,0- io
I 0- io
,0 io
,0 10
,0-io

io-9

1 0- io

io-9

10-"
10"
io-9

,0-H)
,0-.o

,0-io
,0-io
,0-10

10-"
, 0 - i o

io - y

I O 9

io-9

10-"
10-"
K)-9

io-9

4.0 x
6.1 x
2.2 x
1.5 x
1.3 x
1.7 x
1.1 x
3.1 x
2.1 x
2.8 x
1.4 x
1.3 x
6.1 x

2.0 x
1.1 x
4.5 x
6.2 x
1.6 x
9.7 x
1.3 x
4.6 x

4.1 x
4.6 x
8.2 x
2.8 x

10-,o
,0-io

io- '°
m- io

io-'°
io-9

10-io

io-9

10-"
io-9

io-9

,0-io

io-"

lO-.o
,0-io
,0-io

io-12

,0-io
,0-io

io-9

io-9

10-"
10-"
,0-io

io-9

2.6 x 10-'°
3.9 x 10-'°
1.3 x 10-'°
9.1 x 10-"
8.1 x 10-"
1.1 x IO-9

6.7 x 10-"
1.9 x IO-9

1.5 x 10-"
1.6 x 1Q-9

8.5 x 10-'°
8.6 x 10-"
4.2 x 10-"

1.3 X 10-'°
7.2 x 10-"
2.7 x 10-'°
4.2 x ID'12

9.5 x 10-"
5.5 x 10-'°
7.8 x 10-'°
2.6 x ID'9

2.8 x 10'"
3.1 x 10-"
5.4 x 10-'°
1.8 x 1Q-9

2.1 x IO-10

3.1 x 10-'°
1.1 x 10-'°
7.2 x 10-"
6.5 x IO-"
8.4 x 10-'°
5.4 x 10'"
1.5 x ID'9

1.2 x 1Q-"
1.3 x 10'9

6.8 x 10-'°
6.8 X 1Q-"
3.3 x 10'"

1.0 x lO'10

5.8 x 1Q-"
2.2 x IO-10

3.3 x 10-'2

7.6 x 10-"
4.4 x 10-'°
6.3 x 10-'°
2.1 x ID'9

2.2 x 10-"
2.5 x 10-"
4.2 x ID"10

1.4 x 1Q-9
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0

Nuclidc

Re- 182
Re- 184
Re- 184m
Re- 186
Re- 186m
Re- 187
Re- 188
Re- 188m
Re- 189
Osmium
Os-180
Os-181
Os-182
Os-185
Os-189m
Os-191
Os-191m
Os-193
Os- 194
Iridium
Ir-182
Ir-184
lr-185

Physical
half-life

12.7 h
38.0 d
165 d

3.78 d
2.00 x 10s a

5.00 x 10'° a
17.0 h

0.310 h
1.01 d

0.366 h
1.75 h
22.0 h
94.0 d
6.00 h
15.4 d
13.0 h
1.25 d
6.00 a

0.250 h
3.02 h
14.0 h

ngfc

f.
1.000
1.000
1.000
1. 000
1.000
1.000
1.000
1.000
1.000

0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020

0.020
0.020
0.020

£ -= I «"

e(g)

2.4 x IO-9

8.9 x ID'9

1.7 x IO-8

1.9 x 1Q-8

3.0 x 10'8

6.8 x 10-"
1.7 x IO-8

3.8 x 10-'°
9.8 x 10'9

1.6 x ID'10

7.6 x lO'10

4.6 x ID'9

3.8 x ID'9

2.1 x 10-'°
6.3 x ID'9

1.1 x ID'9

9.3 x 10'9

2.9 x 10'8

5.3 x ID'10

1.5 x lO'9

2.4 x ID'9

f, for
g > 1 a

0.800
0.800
0.800
0.800
0.800
0.800
0.800
0.800
0.800

0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010

0.010
0.010
0.010

Age 1-2 a
e(g)

1.7 x
5.6 x
9.8 x
1.1 x
1.6 x
3.8 x
1.1 x
2.3 x
6.2 x

9.8 x
5.0 x
3.2 x
2.6 x
1.3 x
4.1 x
7.1 x
6.0 x
1.7 x

3.0 x
9.7 x
1.6 x

io-9

io-9

io-9

io-8

io-8

10-"
io-8

10-io

io-9

10-"
,0-io

io-9

io-9

io-'°
io-9

,0-io
io-9

io-8

10-io

io-'°
io-9

Age 2-7 a
e(g)

8.9 x 10'10

3.0 x 10~9

4.9 x 10'9

5.5 x 10 g

7.6 x 10'9

1.8 x 10-"
5.4 x 10'9

1.1 x lO'10

3.0 x 10'9

5.1 x 10-"
2.7 x 10"10

1.7 x lO'9

1.5 x IO-9

6.5 x 10-"
2.1 x 10'9

3.5 x ID'10

3.0 x 10"9

8.8 x ID'9

1.5 x 10'10

5.2 x 10-'°
8.6 x 10-'°

Age 7-12 a
e(g)

5.2 x 10-'°
1.8 x ID'9

2.8 x IO-9

3.0 x ID'9

4.4 x ID'9

1.0 x 10-"
2.9 x ID'9

6.1 x 10-"
1.6 x 10'9

3.2 x 10-"
1.7 x JO'10

1.1 x 1Q-9

9.8 x ID'10

3.8 x 10-"
1.2 x 10'9

2.1 x lO'10

1.8 x ID'9

5.2 x IO-9

8.9 x 10-"
3.3 x 10-'°
5.3 x IO-1 0

Age 12-17 a
e(g)

3.5 x ID'10

1.3 x IO-9

1.9 x 10'9

1.9 x 10'9

2.8 x 10'9

6.6 x 10-'2

1.8 x 10'9

4.0 x 10'"
1.0 x 1Q-9

2.2 x 10-"
1.1 x 10-'°
7.0 x lO'10

6.5 x 10-'°
2.2 x 10-"
7.0 x lO'10

1.2 x 10-'°
1.0 x 10'9

3.0 x JO'9

6.0 x 10-"
2.1 x 10-'°
3.3 x IO'10

Age > 17 a
e(g)

2.7 x 10-'°
1.0 x ID'9

1.5 x IO'9

1.5 x ID'9

2.2 x 10'9

5.1 x lO'12

1.4 x 10'9

3.0 x 1Q-"
7.8 x 10'10

1.7 x 10-"
8.9 x 10-"
5.6 x ID'10

5.1 x ID'10

1.8 x 10-"
5.7 x 10-'°
9.6 x 10-"
8.1 x ID'10

2.4 x IO-9

4.8 x 10-"
1.7 x ID'10

2.6 x 10-'°
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Ir- 186
Ir-186
Ir-187
Ir-188
Ir-189
Ir-190
Ir-190m
Ir-190m
Ir-192
Ir-192m
Ir-193m
Ir-194
Ir-194m
Ir-195
Ir-195m

Platinum
Pt-186
Pt-188
Pt-189
Pt-191
Pt-193
Pt-193m
Pt-195m
Pt-197
Pt-197m
Pt-199
Pt-200

15.8
1.75
10.5
1.73
13.3
12.1
3.10
1.20

h
h
h
d
d
d
h
h

74.0 d
2.41 x 102

11.9
19.1
171

2.50
3.80

2.00
10.2
10.9
2.80

a
d
h
d
h
h

h
d
h
d

50.0 a
4.33
4.02
18.3
1.57

0.513
12.5

d
d
h
h
h
h

0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020

0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020

3.8 x 10-9

5.8 x 10-'°
1.1 x ID'9

4.6 x 10-9

2.5 x ID'9

1.0 x ID'8

9.4 x 10-'°
7.9 x 10-"
1.3 x 10'*
2.8 x 10-9

3.2 x 10-9

1.5 x lO'8

1.7 x ID'8

1.2 x 10'9

2.3 x ID'9

7.8 x ID'10

6.7 x ID'9

1.1 x 10-9

3.1 x ID'9

3.7 x 10-'°
5.2 x lO'9

7.1 x JO'9

4.7 x ID"9

1.0 x 10'9

4.7 x 10'10

1.4 x lO'8

0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010

0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010

2.7 x 10~9

3.6 x 10-'°
7.3 x 10-'°
3.3 x 10-9

1.7 x ID'9

7.1 x ID'9

6.4 x 10'10

5.0 x ID'11

8.7 X 1C'9

1.4 x 10-"
2.0 x ID'9

9.8 x lO'9

1.1 x JO'8

7.3 x 10-'°
1.5 x ID'9

5.3 x ID"10

4.5 x ID'9

7.4 x ID'10

2.1 x ID"9

2.4 x 10-'°
3.4 X ID'9

4.6 x 10'9

3.0 x lO'9

6.1 x 10-'°
2.7 X 10'10

8.8 x 10'9

1.5 x 10'9

2.1 x 10-'°
3.9 x 10-'°
1.8 x 10-9

8.6 x lO'10

3.9 x lO'9

3.5 x 10-'°
2.6 x 10-"
4.6 x 10 9

8.3 x 10'10

1.0 x 10-9

4.9 x JO'9

6.4 x ID'9

3.6 x 10-'°
7.3 x 10-'°

2.9 x ID'10

2.4 x ID'9

3.9 x JO'10

1.1 x ID'9

1.2 x 10-'°
1.7 x ID'9

2.3 x ID'9

1.5 x 10'9

3.0 x lO'10

1.3 x 10-'°
4.4 x 10'9

9.6 x 10'10

1.3 x ID'10

2.5 x 10-'°
1.2 x lO"9

5.2 x 10-'°
2.5 x ID'9

2.3 x 10-'°
1.6 x 10-"
2.8 x 10-9

5.5 x 10-'°
6.0 x ID'10

2.9 x ID'9

4.1 x JO'9

2.1 x ID'10

4.3 x ID"10

1.8 x lO'10

1.5 x ID'9

2.5 x 10-10

6.9 x ID'10

6.9 x 10-"
9.9 x 10-'°
1.4 x lO'9

8.8 x 10-'°
1.8 x ID'10

7.5 x 10-"
2.6 x lO'9

6.1 x 10-'°
7.7 x 10-"
1.5 x 10-'°
7.9 x 10-'°
3.0 x ID'10

1.6 x 1C'9

1.5 x 10-'°
1.0 x 10'11

1.7 x ID"9

3.7 x 10"10

3.4 x 10'10

1.7 x ID'9

2.6 x 10'9

1.3 x 10-'°
2.6 x JO'10

1.2 x lO'10

9.5 x ID'10

1.5 x lO"10

4.2 x 10-'°
3.9 x 10'11

5.6 x 10'10

7.9 x lO'10

5.1 x 10'10

1.1 x 10'10

5.0 x ID'11

1.5 x lO'9

4.9 x ID'10

6.1 x 10-"
1.2 x 10-'°
6.3 x ID'10

2.4 x ID'10

1.2 x 10-9

1.2 x ID'10

8.0 x 10-'2

1.4 x 10'9

3.1 x 10-'°
2.7 x ID'10

1.3 x 10'9

2.1 x ID'9

1.0 x ID'10

2.1 x 10'10

9.3 x 10-"
7.6 x lO'10

1.2 x 10'10

3.4 x 10-'°
3.1 x 10-"
4.5 x ID'10

6.3 x HT10

4.0 x ID'10

8.4 x 10'"
3.9 x 10""
1.2 x IQ-9



OO (5*13)
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Nuclide

Gold
Au-193
Au-I94
Au-195
Au-198
Au-198m
Au-199
Au-200

_ Au-200m
"̂  Au-201
'3 Mercury
•3 Hg-193

(organic)
Hg-193
(inorganic)
Hg-193m
(organic)
Hg-193m
(inorganic)
Hg-194
(organic)
Hg-194
(inorganic)
Hg-195
(organic)

Physical
half-life

17.6 h
1.65d
183 d

2.69 d
2.30d
3.14d

0.807 h
18.7 h

0.440 h

3.50h

3.50h

11.1 h

11. 1 h

2.60 x IO2 a

2.60 x IO2 a

9.90h

Ageg

f.

0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200

1.000
0.800
0.040

1.000
0.800
0.040

1.000
0.800
0.040

1.000
0.800

<l a

e(g)

1.2 x 1Q-9

2.9 x IO-9

2.4 x 10 9

1.0 x 10 • "
1.2 x 1Q-8

4.5 x 10'9

8.3 x 10'10

9.2 x IO-9

3.1 x IO-10

3.3 x 10-'°
4.7 x 10- |n

8.5 x 10-'°

1.1 x 10'9

1.6 x ID'9

3.6 x ID'9

1.3 x ID'7
1.1 x 10'7

7.2 x ID'9

3.0 x ID'10

4.6 x 10-'°

f, for
g > 1 a

0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100

1.000
0.400
0.020

1.000
0.400
0.020

1.000
0.400
0.020

1.000
0.400

Age 1-2 a
e(g)

8.8 x 10-'°
2.2 x ID'9

1.7 x 10 9

7.2 x 10 9

8.5 x IQ-9

3.1 x IQ-9

4.7 x 10-'°
6.6 x ID'9

1.7 x ID'10

1.9 x 10-'°
4.4 x 10-'°
5.5 x ID"10

6.8 x 10-'°
1.8 x ID"9

2.4 x ID'9

1.2 x 1Q-7

4.8 x ID'8

3.6 x 1Q-9

2.0 x 10-'°
4.8 x 10-'°

Age 2-7 a
e(g)

4.6 x 10"1"
1.2 x IO-9

8.9 x 10 I0

3.7 x 10 "
4.4 X 1Q-9

1.6 x IO-9

2.3 x 10-'°
3.5 x IO-9

8.2 x 10-"

9.8 x 10-"
2.2 x I O ' 1 0

2.8 x 10-'°

3.7 x 10'10

9.5 x 10-'°
1.3 x IO-9

8.4 x IO-8

3.5 x 10-g

2.6 x IO-9

1.0 x 10 I0

2.5 x JO'1 0

Age 7-12 a
c(g)

2.8 x 10-'°
8.1 x 10 I0

5.4 x 10-'"
2.2 x 10"
2.7 x IO-9

9.5 x 10-'°
1.3 x |0-'°
2.2 x ID'9

4.6 x 1Q-"

5.8 x 10-"
1.4 x 10-'°
1.7 x 10-'°

2.3 x lO'10

6.0 x lO'10

8.1 x 10'10

6.6 x IO-8

2.7 x 1Q-8

1.9 x 1Q-9

6.4 x 10-"
1.5 x lO'1 0

Age 12-17 a
e(g)

1.7 x 10-'°
5.3 x ID'10

3.2 x 10'10

1.3 x 10 9

1.6 x ID'9

5.5 x 10-'°
8.7 x 10'"
1.3 x ID'9

3.1 x 10-"

3.9 x 10-"
8.3 x 10-"
1.0 x 10'10

1.5 x 10"10

3.7 x 10-'°
5.0 x 10'10

5.5 x IO-8

2.3 x 10 8

1.5 x IO-9

4.2 x 1Q-"
9.3 x 10-"

Age > 17 a
e(g)

1.3 x 10'10

4.2 x 10-'°
2.5 x 10-'°
1.0 x IO-9

1.3 x 1Q-9

4.4 x 10-'°
6.8 x 10-"
I.I x IO-9

2.4 x IO-"

3.1 x 10-"
6.6 x 10-"
8.2 x 10-"

1.3 x 10-'°
3.0 x 10-'°
4.0 x lO'10

5.1 x IO-8

2.1 x ID'8

1.4 x IO-9

3.4 x 10-"
7.5 x 10-"
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Hg-195
(inorganic)
Hg-195m
(organic)
Hg-195m
(inorganic)
Hg-197
(organic)
Hg-197
(inorganic)
Hg-197m
(organic)
Hg-197m
(inorganic)
Hg-199m
(organic)
Hg-199m
(inorganic)
Hg-203
(organic)
Hg-203
(inorganic)

Thallium
Tl-194
Tl-194m
Tl-195
Tl-197
Tl-198
Tl-198m

9.90 h

1.73 d

1.73 d

2.67 d

2.67 d

23.8 h

23.8 h

0.710 h

0.710 h

46.6 d

46.6 d

0.550 h
0.546 h

1.16 h
2.84 h
5.30 h
1.87 h

0.040

1.000
0.800
0.040

1.000
0.800
0.040

1.000
0.800
0.040

1.000
0.800
0.040

1.000
0.800
0.040

1.000
1.000
1.000
1.000
1.000
1.000

9.5 x

2.1 x
2.6 x
5.8 x

9.7 x
1.3 x
2.5 x

1.5 x
2.2 x
5.2 x

3.4 x
3.6 x
3.7 x

1.5 x
1.3 x
5.5 x

6.1 x
3.8 x
2.3 x
2.1 x
4.7 x
4.8 x

10"'°

io-9

io-9

io-9

,0-io
io-9

io-9

10 •"
10 l)

io-9

,0-H)
,0-io
,0-io

io-8

io-8

io-9

10-"
10-io
,0-io
,0-io
,0-m
,0-io

0.020

1.000
0.400
0.020

1.000
0.400
0.020

1.000
0.400
0.020

1.000
0.400
0.020

1. 000
0.400
0.020

1.000
1.000
1.000
1.000
1.000
1. 000

6.3 x

1.3 x
2.8 x
3.8 x

6.2 x
1.2 x
1.6 x

9.5 x
2.5 x
3.4 x

1.9 x
2.1 x
2.1 x

1.1 x
6.4 x
3.6 x

3.9 x
2.2 x
1.4 x
1.3 x
3.3 x
3.0 x

to-10

I O 9

io-9

io-9

,0-m
io-9

io-9

10 '"
10"
I O 9

I0-io
,0-io
,0-io

io-8

io-9

io-9

10-"
,0-io
,0-io
,0- io
,0-io

io-'°

3.3 x 10 l(>

6.8 x 10-'°
1.4 x 10 9

2.0 x 10"9

3.1 x 10-'°
6.1 x IO:10

8.3 x 10'10

4.8 x 10 •"'
1.2 x 10 ''
1.7 x IO'9

9.3 x 10-"
1.0 x 10-'°
1.0 x 10 l()

5.7 x 1Q-9

3.4 x 10 9

1.8 x 10'9

2.2 x 10-"
1.2 x 10-'°
7.5 x 10-"
6.7 x 10-"
1.9 x 10-'°
1.6 x 10-'°

2.0 x

4.2 x
8.7 x
1.2 x

1.9 x
3.7 x
5.0 x

2.9 x
7.3 x
1.0 x

5.3 x
5.8 x
5.9 x

3.6 x
2.1 x
1.1 x

1.4 x
7.0 x
4.7 x
4.2 x
1.2 x
9.7 x

I 0 - io

,0-io
,0-io

io-9

,0-io
,0-io
,0-io

io-"'
10 '"
io-9

io-"
io-"
to-"

io-9

io-9

io-9

io-"
10-"
10-"
10-"
io-'°
10-"

1.2 x 10-'°

2.7 x 10-'°
5.1 x 10-'°
7.0 x 10-'°

1.2 x 10-'°
2.2 x 10-'°
2.9 x 10-'°

1.8 x 10 '"
4.2 x 10 '"
5.9 x 10- I0

3.6 x 10-"
3.9 x 10-"
3.9 x 10-"

2.3 x ID'9
1.3 x 1Q-9

6.7 x 10 10

1.0 x 10'"
4.9 x 10-"
3.3 x 10-"
2.8 x 10-"
8.7 x 10-"

•6.7 x lO"1 1

9.7 x 10-"

2.2 x 10-'°
4.1 x 10'10

5.6 x 10'10

9.9 x 10-"
1.7 x IO'10

2.3 x 10-'°

1.5 x 10'10

3.4 x 10'10

4.7 x 10-'°

2.8 x 10-"
3.1 x 10-"
3.1 x 10-"

1.9 x IO-9

1.1 x IO-9

5.4 x 10-'°

8.1 x 10'12

4.0 x 10-"
2.7 x 10-"
2.3 x 10-"
7.3 x 10-"
5.4 x 10-"
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Nuclide

Tl-199
Tl-200
Tl-201
Tl-202
Tl-204

Lead*
Pb-195m
Pb-198
Pb-199
Pb-200
Pb-201
Pb-202
Pb-202m
Pb-203
Pb-205
Pb-209
Pb-210
Pb-211
Pb-212
Pb-214

Physical
half-life

7.42
1.09
3.04
12.2
3.78

0.263
2.40
1.50
21.5
9.40

3.00 x 105

3.62
2.17

1.43 x 107

3.25
22.3

0.601
10.6

0.447

h
d
d
d
a

h
h
h
h
h
a
h
d
a
h
a
h
h
h

Age

f,

1.000
1.000
1.000
1.000
1.000

0.600
0.600
0.600
0.600
0.600
0.600
0.600
0.600
0.600
0.600
0.600
0.600
0.600
0.600

g 5=1 a

e(g)

2.3 x 10-'°
1.3 x lO'9

8.4 x lO'10

2.9 x 1Q-9

1.3 x 10 K

2.6 x 10'10

5.9 x JO'10

3.5 X ID'10

2.5 x 10'9

9.4 x ID'10

3.4 x 10'8

7.6 x 10-'°
1.6 x ID'9

2.1 x 10-9

5.7 x 10-'°
8.4 x 10-6

3.1 x 10-9

1.5 x ID'7

2.7 x 10'9

f, for
g > 1 a

1.000
1.000
1.000
1.000
1.000

0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200

Age 1-2 a
e(g)

1.5 x 10-'°
9.1 x 10-'°
5.5 x 10-'°
2.1 x lO-9

8.5 x ID'9

1.6 x 10-'°
4.8 x JO'10

2.6 x 10-'°
2.0 x ID'9

7.8 x ID'10

1.6 x. 10'8

6.1 x ID'10

1.3 x lO'9

9.9 x 10'10

3.8 x 10'10

3.6 x 10-6

1.4 x ID'9

6.3 x 10'8

1.0 x lO'9

Age 2-7 a
e(g)

7.7 x 10'"
5.3 x ID'10

2.9 x ID'10

1.2 x IO-9

4.2 x 10 9

8.4 x 10-"
2.7 x 10-'°
1.5 x IQ-10

1.1 x ID'9

4.3 x ID'10

1.3 x 10-8

3.5 x 10'10

6.8 x ID'10

6.2 x 10-'°
1.9 x ID'10

2.2 x 1Q-6

7.1 x 10'10

3.3 x ID"8

5.2 x ID'10

<»l

Age 7-12 a
e(g)

4.8 x 10-"
3.5 x 10-'°
1.8 x 10-'°
7.9 x IO'10

2.5 x 10-9

5.2 x 10-"
1.7 x lO'10

9.4 x 10-"
7.0 x 10-'°
2.7 x ID'10

1.9 x IO'8

2.3 x 10-'°
4.3 x 10-'°
6.1 x lO'10

1.1 x ID'10

1.9 x 10'6

4.1 x 10-'°
2.0 x 1Q-8

3.1 x lO'10

3) LuOLttf-^

Age 12-17 a
e(g)

3.2 x 10-"
2.4 x 10-'°
1.2 x 10-'°
5.4 x 10'10

1.5 x lO-9

3.5 x 10'"
1.1 x 10'10

6.3 x 10-"
4.4 x 10-'°
1.8 x 10-'°
2.7 x 10-8

1.5 x 10-'°
2.7 x 10-'°
6.5 x ID'10

6.6 x 10-"
1.9 x ID'6

2.7 x 10-10

1.3 x 10-"
2.0 x 10-'°

UJI JjaaJI

Age > 17 a
e(g)

2.6 x 10-"
2.0 x 10-'°
9.5 x 10-"
4.5 x lO'10

1.2 x 1C'9

2.9 x 10-"
1.0 x 10-'°
5.4 x 10-"
4.0 x 10-'°
1.6 X ID"10

8.8 x 10'9

1.3 x 10-'°
2.4 x 10-'°
2.8 x ID'10

5.7 X 10-"
6.9 X 10-7

1.8 x ID"10

6.0 x 10'9

1.4 x 10-'°

UU (I)
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Bismuth
Bi-200
Bi-201
Bi-202
Bi-203
Bi-205
Bi-206
Bi-207
Bi-210
Bi-210m
Bi-212
Bi-213
Bi-214

Polonium
Po-203
Po-205
Po-207
Po-210

Astatine
At-207
At-211

Francium
Fr-222
Fr-223

0.606 h
l .SOh
1.67 h
11. 8 h
15.3d
6.24 d
38.0 a
5.01 d

3.00 x IO6 a
1.01 h

0.761 h
0.332 h

0.612 h
l .SOh
5.83 h
138 d

l .SOh
7.21 h

0.240 h
0.363 h

0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100

1.000
1.000
1.000
1.000

1.000
1.000

1.000
1.000

4.2 x
1.0 x
6.4 x
3.5 x
6.1 x
1.4 x
1.0 x
1.5 x
2.1 x
3.2 x
2.5 x
1.4 x

2.9 x
3.5 x
4.4 x
2.6 x

2.5 x
1.2 x

6.2 x
2.6 x

,0-.o

io-9

,0-m

io-9

io-9

io-8

io-8

io-8

10 7

io-9

io-9

10-'

,0-.o
,0-io
,0-io

io-5

io-9

io-7

io-9

io-8

0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050

0.500
0.500
0.500
0.500

1. 000
1.000

1.000
1.000

2.7 x
6.7 x
4.4 x
2.5 x
4.5 x
1.0 x
7.1 x
9.7 x
9.1 x
1.8 x
1.4 x
7.4 x

2.4 x
2.8 x
5.7 x
8.8 x

1.6 x
7.8 x

3.9 x
1.7 x

10-io

io-'°
io-'°
io-9

io-9

IO'8

io-9

10"
10 R

io-9

10"
I0 .l(.

,0-io

10-i()

I O 1 "
10"

io-9

IO"8

io-9

10'8

1.5 x
3.6 x
2.5 x
1.4 x
2.6 x
5.7 x
3.9 x
4.8 x
4.7 x
8.7 x
6.7 x
3.6 x

1.3 x
1.6 x
3.2 x
4.4 x

8.0 X
3.8 x

2.0 x
8.3 x

,0-.o
,0-io
,0-io

io-9

io-9

io-9

io-9

10°
10 x

,0 -m

10 '«
,0-m

10 •"'
m-io
, 0 - io

10"

,0-u.

10'8

io-9

io-9

9.5 x 10-"
2.2 x 10-'°
1.6 x 10-'°
9.3 x 10-'°
1.7 x IO-9

3.7 x IO-9

2.5 x IO-9

2.9 x 10-'
3.0 x 10 s

5.0 x 10-'°
3.9 x 10 "'
2.1 x 10 '"

8.5 x 10 "
1.1 x 10-'°
2.1 x 10 I0

2.6 x 10"

4.8 x 10-'°
2.3 x ID'8

1.3 x ID'9

5.0 x ID'9

6.4 x 10-"
1.4 x lO'10

1.1 x ID'10

6.0 x ID'10

1.1 x ID'9

2.4 x 1C'9

1.6 x IO-9

1.6 x ID'9

1.9 x 10-"
3.3 x 10-'°
2.5 x 10 I0

1.4 x 10" •'"

5.8 X lO'"
7.2 x 10-"
1.4 x 10-'°
1.6 x 10"

2.9 x lO'10

1.3 x IO-8

8.5 x 10-'°
2.9 x 1C'9

5.1 x 10-"
1.2 x lO"10

8.9 x 10-"
4.8 x lO'10

9.0 x ID'10

1.9 x lO'9

1.3 x ID'9

1.3 x IO-9

1.5 x IO-8

2.6 x 10-'°
2.0 x 10-'°
1.1 x 10-'°

4.6 x 10-"
5.8 x 10-"
1.1 x ID"10

1.2 x ID'6

2.4 x 10-'°
1.1 x ID'8

7.2 x lO'10

2.4 x lO'9



Nuclide

Radium a

Ra-223
Ra-224
Ra-225
Ra-226
Ra-227
Ra-228
Actinium
Ac-224
Ac-225
Ac-226
Ac-227
Ac-228

Thorium
Th-226
Th-227
Th-228
Th-229
Th-230
Th-231
Th-232
Th-234

Physical
half-life

11.4
3.66
14.8

1.60 x IO3

0.703
5.75

2.90
10.0
1.21
21.8
6.13

0.515
18.7
1.91

7.34 x 10-1

7.70 x IO4

1.06
1.40 x 10 10

24.1

d
d
d
a
h
a

h
d
d
a
h

h
d
a
a
a
d
a
d

Age

f.

0.600
0.600
0.600
0.600
0.600
0.600

0.005
0.005
0.005
0.005
0.005

0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005

g <1 a

e(g)

5.3 x ID"6

2.7 x IO-6

7.1 x lO'6

4.7 x 10"6

1.1 x IO-9

3.0 x ID'5

1.0 x ID'8

4.6 x IO- 7

1.4 x IO-7

3.3 X IO-5

7.4 x 10 9

4.4 x 10'9

3.0 x ID'7

3.7 x IO"6

1.1 x IO-5

4.1 x 10"6

3.9 x 10"9

4.6 x 10'6

4.0 x IO-8

f, for
g > 1 a

0.200
0.200
0.200
0.200

. 0.200
0.200

5.0 x IO-4

5.0 x 10 4

5.0 x ID' 4

5.0 x 10"4

5.0 x 1Q-4

5.0 x 10'4

5.0 x ID'4

5.0 x IO-4

5.0 x I O - 4

5.0 x IO"4

5.0 x 10'4

5.0 x IO-4

5.0 x IO-4

Age 1-2 a
e(g)

1.1 x 1Q-6

6.6 x 1Q-7

1.2 x 10'6

9.6 x 10 7

4.3 x 10-'°
5.7 x IO-6

5.2 x IO-9

1.8 x I D ' 7

7.6 x I O " 8

3.1 x 1Q-6

2.8 x ID' 9

2.4 x 10'9

7.0 x IO-8

3.7 x 10"7

1.0 x 10'6

4.1 x 10'7

2.5 x ID'9

4.5 x 10'7

2.5 x 10'8

Age!
e(

5.7 x
3.5 x
6.1 x
6.2 x
2.5 x
3.4 x

2.6 x
9.1 x
3.8 x
2.2 X
1.4 x

1.2 x
3.6 x
2.2 x
7.8 x
3.1 x
1.2 x
3.5 x
1.3 x

2-7 a
g)

io-7

to-7

i o - 7

io-7

| 0-io

io-6

io-9

10'8

10'8

io-6

io-9

10 9

io-8

io-7

io-7

io-7

io-9

io-7

io-8

Age 7-12 a
e(g)

4.5 x IO-7

2.6 x lO'7

5.0 x I O - 7

8.0 x 10 7

1.7 x !0-'°
3.9 x 10'6

1.5 x 10'9

5.4 x 10"8

2.3 x 1O R

1.5 x JO'6

8.7 x ID'1 0

6.7 x lO" 1 0

2.3 x 1Q-8

1.5 x IO-7

6.2 x IO-7

2.4 x 10'7

7.4 x 10-'°
2.9 x ID'7

7.4 x IO-9

Age i:
e(]

3.7 x
2.0 x
4.4 x
1.5 X
1.3 x
5.3 x

8.8 x
3.0 x
1.3 x
1.2 x
5.3 x

4.5 x
1.5 x
9.4 x
5.3 x
2.2 x
4.2 x
2.5 x
4.2 x

> 17 a
g)

io-7

io-7

io-7

io-6

,0-io

10'6

io-10

io-8

io-8

io-6

,0-10

io-'°
io-8

io-8

io-7

io-7

io-'°
io-7

io-9

Age > 17 a
e(g)

1.0 x lO'7

6.5 x ID'8

9.9 x JO'8

2.8 x 10"7

8.1 x 10-"
6.9 x IO*7

7.0 x 10-'°
2.4 x 10'8

1.0 X 10"8

1.1 x IO-6

4.3 x 10-'°

3.5 x 10-'°
8.8 x ID'9

7.2 x ID"8

4.9 x JO'7

2.1 x 10'7

3.4 x 10-'°
2.3 x IO-7

3.4 x IO-9

UU tfl f,
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Pa-227
Pa-228
Pa-230
Pa-231
Pa-232
Pa-233
Pa-234

Uranium
U-230
U-231
U-232
U-233
U-234
U-235
U-236
U-237
U-238
U-239
U-240

Neptunium
Np-232
Np-233
Np-234
Np-235

0.638
22.0
17.4

3.27 x 104

1.31
27.0
6.70

20.8
4.20

h
h
d
a
d
d
h

d
d

72.0 a
1.58 x 105 a
2.44 x 105 a
7.04 x 108

2.34 x 107

6.75
4.47 x 109

0.392
14.1

0.245
0.603

4.40
1.08

a
a
d
a *'
h
h

h
h
d
a

0.005
0.005
0.005
0.005
0.005
0.005
0.005

0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040

0.005
0.005
0.005
0.005

5.8 x 10-9

1.2 x lO'8

2.6 x 1Q-8

1.3 x 10-5

6.3 x 10-9

9.7 x 1Q-9

5.0 x 10-9

7.9 x 10 7

3.1 x ID"9

2.5 x 10'6

3.8 x 10'7

3.7 X 1Q-7

3.5 x 10-7

3.5 x 10"7

8.3 x 10'9

3.4 x 10'7

3.4 x it)'10

1.3 x ID'8

8.7 x 10'"
2.1 x ID'11

6.2 x 10-9

7.1 x 10-'°

5.0 x 10-4

5.0 x 10-"
5.0 x 10'4

5.0 x 10'4

5.0 x ID'4

5.0 x 10'4

5.0 x ID"4

0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020

5.0 x 1Q-4

5.0 x 10-4

5.0 x ID'4

5.0 x 10-4

3.2 x 10-9

4.8 x 10'9

5.7 x ID'9

1.3 x ID'6

4.2 X ID'9

6.2 x ID'9

3.2 x ID'9

3.0 x 10'7

2.0 x lO'9

8.2 x 10-7

1.4 x 10-7

1.3 x 10-7

1.3 x 10-7

1.3 x 10-7

5.4 x 10'9

1.2 x 10-7

1.9 x lO'10

8.1 x 1C'9

5.1 x 10-"
1.3 x 10-"
4.4 x 10'9

4.1 x 10-'°

1.5 x 10'9

2.6 x 10'9

3.1 x ID'9

1.1 x lO'6

2.2 x ID'9

3.2 x 10'9

1.7 x 1Q-9

1.5 x 10 7

1.0 x 10'9

5.8 x 10'7

9.2 x 10'8

8.8 x !0'8

8.5 x 10'8

8.4 x lO'8

2.8 x 10'9

8.0 x 10"8

9.3 x 10-"
4.1 x 10-9

2.7 x 10-"
6.6 x 10-'2

2.4 x 10-9

2.0 x ID'10

8.7 x 10-'°
1.6 x 10-9

1.9 x 10'9

9.2 x ID'7

1.4 x 10-9

1.9 x ID'9

1.0 x 10~9

1.0 x 1Q-7

6.1 x 10-'°
5.7 x 10-7

7.8 x 1Q-8

7.4 x 1Q-8

7.1 x ID'8

7.0 x 10-8

1.6 x 10'9

6.8 x ID'8

5.4 x 10'"
2.4 x ID'9

1.7 x 10-"
4.0 x 10-'2

1.6 x 10-9

1.2 x 10'10

5.8 x ID'10

9.7 x 10'10

1.1 x 10'9

8.0 x 1Q-7

8.9 x ID'10

1.1 x 10-9

6.4 x ID'10

6.6 x 10-*
3.5 x ID'10

6.4 x 10-7

7.8 x JO'8

7.4 x 10-8

7.0 x 10-8

7.0 x ID'8

9.5 x lO'10

6.7 x 1Q-8

3.5 x 1Q-"
1.4 x lO'9

1.2 x 10-"
2.8 x 10-'2

1.0 x JO'9

6.8 x 10'11

4.5 x 10'10

7.8 x 1Q-10

9.2 x 10'10

7.1 x 10"7

7.2 x 10'10

8.7 x 10'10

5.1 x 10'10

5.6 x 10'8

2.8 x 10'10

3.3 x ID'7

5.1 X 10'8

4.9 x 10'8

4.7 x 1Q-8

4.7 x 10'8

7.6 x ID'10

4.5 x 10-8

2.7 x 10-"
1.1 x 10'9

9.7 X 10-'2

2.2 x ID'12

8.1 x 10-'°
5.3 x 10-"
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Nuclide

Np-236
Np-236
Np-237
Np-238
Np-239
Np-240
Plutonium
Pu-234
Pu-235
Pu-236
Pu-237
Pu-238
Pu-239
Pu-240
Pu-241
Pu-242
Pu-243
Pu-244
Pu-245
Pu-246

Americium
Am-237
Am-238

Physical
half-life

1.15 x IO5 a
22.5 h

2.14 x IO6 a
2.12 d
2.36d
1.08 h

8.80 h
0.422 h

2.85 a
45.3d
87.7 a

2.41 x IO4 a
6.54 x IO1 a

14.4 a
3.76 x IO5 a

4.95 h
8.26 x IO7 a

10.5 h
10.9 d

1.22 h
1.63 h

Age

fi

0.005
0.005
0.005
0.005
0.005
0.005

0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005

0.005
0.005

g <1 a

e(g)

1.9 x ID'7

2.5 x IO-9

2.0 x 10'6

9.5 x 10"9

8.9 x 1Q-9

8.7 x 10-'°

2.1 x IO"9

2.2 x 10-"
2.1 x 1Q-6

I . I x IO-9

4.0 x 10'6

4.2 x JO'6

4.2 x 10 h

5.6 X 10'8

4.0 X 1Q-6

1.0 x ID'9

4.0 X JO"6

8.0 x 10'9

3.6 x I0"8

1.7 x 10-'°
2.5 x ID'10

f, for
g > 1 a

5.0 x ID'4

5.0 x IO-4

5.0 x 1Q-4

5.0 x 10 4

5.0 x 10 4

5.0 x IO-4

5.0 x 10 4

5.0 x IO- 4

5.0 x IO-4

5.0 x IO-4

5.0 x IO-4

5.0 x IO"4

5.0 x 10 4

5.0 x 10'4

5.0 x IO-4

5.0 x IO- 4

5.0 x IO-4

5.0 x 10'4

5.0 x IO-4

5.0 x IO-4

5.0 x IO-4

Age 1 -2 a
e(g)

2.4 x 1Q-8

1.3 x 10'9

2.1 x IO-7

6.2 x IO"9

5.7 x ID'9

5.2 x 10-'°

1.1 x JO"9

1.3 x 10-"
2.2 x IO-7

6.9 x 10-'°
4.0 x 1Q-7

4.2 x IO-7

4.2 x I O - 7

5.7 x IO-9

4.0 x IO- 7

6.2 x ID" 1 0

4.1 x IO ' 7

5.1 x 10"9

2.3 x ID'8

1.0 x 10-'°
1.6 x 10'10

Age 2-7 a
e(g)

1.8 x 1Q-8

6.6 x ID" 1 0

1.4 x 1Q-7

3.2 x IO'9

2.9 x 10 9

2.6 x IO'10

5.5 x lO' 1 0

6.5 x I O - 1 2

1.4 x 1Q-7

3.6 x 10-'°
3.1 x IO- 7

3.3 x l()-7

3.3 x 10 7

5.5 x 10 9

3.2 x IO"7

3.1 x lO' 1 0

3.2 x IO- 7

2.6 x IO'9

1.2 x ID'8

5.5 x 10-"
9.1 x 10-"

Age 7-12 a
e(g)

1.8 x 1Q-8

4.0 x 10-'°
I . I x ID'7

1.9 x IO"9

1.7 x IO-9

1.6 x 10-'°

3.3 x 10-'°
3.9 x 10-'2

1.0 x 10'7

2.2 x 10-'°
2.4 X 10'7

2.7 x IO-7

2.7 x 10"7

5.1 x 1Q-9

2.6 x IO"7

1.8 x 10-'°
2.6 x lO" 7

1.5 x IO-9

7.1 x ID"9

3.3 x 10-"
5.9 x 10:"

Age 12-17 a
e(g)

1.8 x JO'8

2.4 x ID'10

1.1 x 10'7

1.1 x lO'9

1.0 x 10'9

1.0 x ID'10

2.0 x 10-'°
2.7 x ID'12

8.5 x 1Q-8

1.3 x 10-'°
2.2 x ID'7

2.4 x 10 7

2.4 x 1Q-7

4.8 x 10"9

2.3 x 1Q-7

1.1 x 10-'°
2.3 x 10'7

8.9 x ID'10

4.1 x ID'9

2.2 x 1Q-"
4.0 x 10-"

Age > 17 a
e(g)

1.7 x ID'8

1.9 x 10'10

1.1 x 10'7

9.1 x ID'10

8.0 x 10-'°
8.2 x 10-"

1.6 x 10-'°
2.1 x ID'12

8.7 x 1Q-8

1.0 x 10-'°
2.3 x IO-7

2.5 x ID"7

2.5 x IO-7

4.8 x IO'9

2.4 X lO'7

8.5 X 10-"
2.4 x 10'7

7.2 x 10-'°
3.3 x IO-9

1.8 x 10-"
3.2 x 10-"
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Am-239
Am-240
Am-241
Am-242
Am-242m
Am-243
Am-244
Am-244m
Am-245
Am-246
Am-246m

Curium
Cm-238
Cm-240
Cm-241
Cm-242
Cm-243
Cm-244
Cm-245
Cm-246
Cm-247
Cm-248
Cm-249
Cm-250

11.9h
2.12d

4.32 x I02 a
16.0 h

1.52 x 102a
7.38 x IO3 a

10.1 h
0.433 h
2.05 h

0.650 h
0.417 h

2.40 h
27.0 d
32.8 d

163d
28.5 a
18.1 a

8.50 x IO3 a
4.73 x IO3 a
1.56 x IO7 a
3.39 x IO5 a

1.07 h
6.90 x IO3 a

0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005

0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005

2.6 x
4.7 x
3.7 x
5.0 x
3.1 x
3.6 x
4.9 x
3.7 x
6.8 x
6.7 x
3.9 x

7.8 x
2.2 x
1.1 x
5.9 x
3.2 x
2.9 x
3.7 x
3.7 x
3.4 x
1.4 x
3.9 x
7.8 x

io-9

io-9

10'6

io-9

io-6

io-6

io-9

,0-10
,0-io
,0-io
10-io

io-10

io-7

10'8

io-7

10 *
io-6

io-6

io-6

io-6

io-s

,0-iQ

IO-5

5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x

5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

I O 4

io-4

io-4

io •'
io-4

io-4

io-4

io-4

io--1

io-4

io-4

1.7 x 10 9

3.3 x IO-9

3.7 x IO-7

2.2 x 10'9

3.0 x 10'7

3.7 x IO-7

3.1 x IO-9

2.0 x lO'10

4.5 x ID' I0

3.8 x 10'10

2.2 x 10'10

4.9 x 10'10

4.8 x 10 8

5.7 x 1Q-9

7.6 x IO-8

3.3 x 10 7

2.9 x IO-7

3.7 x 10'7

3.7 x IO-7

3.5 x IO-7

1.4 x lO'6

2.2 x 10'10

8.2 x 10'6

8.4 x
1.8 x
2.7 x
1.1 x
2.3 x
2.7 x
1.6 x
9.6 x
2.2 x
1.9 x
1.1 x

2.6 x
2.5 x
3.0 x
3.9 x
2.2 x
1.9 X
2.8 x
2.8 x
2.6 x
1.0 x
1.1 x
6.0 x

,0-io

I O 9

io-7

IO'9

io-7

io-7

io-9

io-"
,0-m
,0-io
,0-io

,0-io

10 K

io/9

io-«
10 7

I O 7

io-7

io-7

io-7

10 6

, 0 - io

io-6

5.1 x 10-'°
1.2 x ID'9

2.2 x IO-7

6.4 x 10-'°
2.0 x lO'7

2.2 x 10'7

9.6 x 10'10

5.5 x 10-"
1.3 x 10-'°
1.1 x 10-'°
6.4 x 10-"

1.6 x 10-'°
1.5 x 10 8

1.9 x ID'9

2.4 x 10 x

1.6 x 10 7

1.4 x IO- 7

2.3 x 1Q-7

2.2 x IO-7

2.1 x 10'7

8.4 x ID'7

6.1 x 10-"
4.9 x ID'6

3.0 x
7.3 x
2.0 x
3.7 x
1.9 x
2.0 x
5.8 x
3.7 x
7.9 x
7.3 x
4.4 x

1.0 x
9.2 x
1.1 x
1.5 x
1.4 x
1.2 x
2.1 x
2.1 x
1.9 x
7.7 x

4.0 x
4.4 x

,0-io
,0-io

io-7

,0-io

io-7

io-7

,0-io

10-"
io-"
io-"
10-"

io-10

io-9

io-9

io-8

10 7

io-7

io-7

io-7

io-7

io-7

10-"
10'6

2.4 x 10-'°
5.8 x ID'10

2.0 X IO-7

3.0 x ID'10

1.9 x 1Q-7

2.0 x ID'7

4.6 x ID'10

2.9 x 10-"
6.2 x 10-"
5.8 x 10-"
3.4 x 10-"

8.0 X 10-"
7.6 x ID'9

9.1 x 10'10

1.2 x IO-8

1.5 x 10 7 "
1.2 x IO-7

2.1 x 1Q-7

2.1 x ID'7

1.9 x ID'7

7.7 x IO-7

3.1 x IO-"
4.4 x ID'6
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vi i-j PhysicalNuchde ,, ...half-life

•̂3

Berkelium
Bk-245
Bk-246
Bk-247 1 .38
Bk-249
Bk-250

Californium
Cf-244
Cf-246
Cf-248
Cf-249 3.50
Cf-250
Cf-251 8.98
Cf-252
Cf-253
Cf-254

Einsteinium
Es-250
Es-251
Es-253
Es-254
Es-254m

4.94 d
1.83 d

x 103 a
320 d

3.22 h

0.323 h
1.49d
334 d

x 102 a
13.1 a

x lO2 a
2.64 a
17.8 d
60.5 d

2.10 h
1.38 d
20.5 d
276 d
1.64 d

Age g < 1 a

f>

0.005
0.005
0.005
0.005
0.005

0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005

0.005
0.005
0.005
0.005
0.005

e(g)

6.1 X 1Q-9

3.7 x ID'9

8.9 x 10-6

2.2 x 10-8

1.5 x ID'9

9.8 x 10-'°
5.0 x 1Q-8

1.5 x lO'6

9.0 x 10'6

5.7 x 10-6

9.1 x lO'6

5.0 x 10'6

1.0 x ID'7

1.1 x 10-5

2.3 x lO'10

1.9 x 1Q-9

1.7 x 10-7

1.4 x 10-6

5.7 x 10-"

f, for
g > 1 a

5.0 x 10-4

5.0 x 10-4

5.0 x JO'4

5.0 x 10'4

5.0 x 10-4

5.0 x ID'4

5.0 x 10-4

5.0 x 10-4

5.0 x 10-4

5.0 x 10-4

5.0 x 10-4

5.0 x 10-4

5.0 x lO'4

5.0 x 10-4

5.0 x 10'4

5.0 x 10-4

5.0 x 10-"
5.0 x 10-4

5.0 x 1Q-4

Age 1-2 a
e(g)

3.9 x lO'9

2.6 x lO'9

8.6 x 10'7

2.9 x 10'9

8.5 x 10-'°

4.8 x 10-'°
2.4 x 10'8

1.6 x 10-7

8.7 x 10'7

5.5 x 10-7

8.8 x lO'7

5.1 x lO'7

1.1 x lO'8

2.6 x 10-6

9.9 x 10-"
1.2 x IO-9

4.5 x 10'8

1.6 x 10'7

3.0 x 10-8

Age 2-7 a
e(g)

2.0 x
1.4 x
6.3 x
1.9 x
4.4 x

2.4 x
1.2 x
9.9 x
6.4 x
3.7 x
6.5 x
3.2 x
6.0 x
1.4 x

5.7 x
6.1 x
2.3 x
9.8 x
1.5 x

io-9

io-9

io-7

io-9

,0-io

io-'°
io-8

io-8

io-7

io-7

io-7

io-7

io-9

io-6

10-"
io-'°
io-8

lO'8

io-8

Age 7-12 a
e(g)

1.2 x ID'9

9.4 x 10-'°
4.6 x 10"7

1.4 x lO'9

2.7 x ID'10

1.3 x 10-'°
7.3 x IO-9

6.0 x 10-"
4.7 x 10'7

2.3 x IQ-7

4.7 x 1Q-7

1.9 X ID'7

3.7 X IO-9

8.4 x ID'7

3.7 x 1Q-"
3.7 x 10-'°
1.4 x lO'8

6.0 x ID'8

9.1 x lO'9

Age 12-17 a
e(g)

7.2 x 10-'°
6.0 x 10-'°
3.8 x IO-7

1.1 x ID'9

1.7 x 10'10

8.9 x 10-"
4.1 x lO"9

3.3 x JO'8

3.8 x IO-7

1.7 x ID'7

3.9 x 10'7

1.0 x IO-7

1.8 x ID'9

5.0 x IO-7

2.6 x 10-"
2.2 x IJT10

7.6 x 10'9

3.3 x 10-'
5.2 x IO-9

Age > 17 a
e(g)

5.7 x ID'10

4.8 x ID'10

3.5 x IO-7

9.7 x 10-'°
1.4 x IO-10

7.0 x 10'"
3.3 x ID'9

2.8 x IO-8

3.5 x IO-7

1.6 x IO-7

3.6 x IO-7

9.0 x IO-8

1.4 X IO-9

4.0 x IO-7

2.1 X 10-"
1.7 X lO'10

6.1 X ID'9

2.8 X ID'8

4.2 x JO'9
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Fermium
Fm-252
Fm-253
Fm-254
Fm-255
Fm-257
Mendelevium
Md-257
Md-258

22.7 h
3.00 d
3.24 h
20.1 h
101 d

5.20 h
55.0 d

0.005
0.005
0.005
0.005
0.005

0.005
0.005

3.8 x 10-"
2.5 x ID'8

5.6 x IO-9

3.3 x ID'8

9.8 x IO-7

3.1 x ID'9

6.3 x ID'7

5.0 x IO-4

5.0 x IQ-4

5.0 x 10~4

5.0 x IO-4

5.0 x JO'4

5.0 x 1Q-4

5.0 x ID'4

2.0 x 10-*
6.7 x ID'9

3.2 x ID'9

1.9 x 10'8

I.I x 10'7

8.8 x 10-'°
8.9 x 10-"

9.9 x ID'9

3.4 x 1C'9

1.6 x IO-9

9.5 x ID'9

6.5 x ID'8

4.5 x 10'10

5.0 x ID'8

5.9 x ID'9

2.1 x ID'9

9.3 x 10-'°
5.6 x ID"9

4.0 x ID'8

2.7 x lO'10

3.0 x 10 *

3.3 x 1C'9

1.1 x JO'9

5.6 x 10-'°
3.2 x ID"9

1.9 x 1Q-*

1.5 x 10-'°
1.6 x IO-8

2.7 x ID'9

9.1 x 10'10

4.4 x ID'10

2.5 x ID'9

1.5 x 10'8

1.2 x lO'10

1.3 x IO-8
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M i-j PhysicalNuclide ,, ..,half-life

Hydrogen
Triliated 12.3 a
water

Beryllium
Be-7 53.3 d

Be-10 1.60 x 106a

Carbon
C-ll 0.340 h

C-14 5.73 x IO3 a

Fluorine
F-18 1.83h

Type

F
M
S

M
S
M
S

F
M
S
F
M
S

F
M
S

Age g < I a

f.

1.000
0.200
0.020

0.020
0.020
0.020
0.020

1.000
0.200
0.020
1.000
0.200
0.020

1.000
1.000
1.000

e(g)

2.6 x
3.4 x
1.2 x

2.5 x
2.8 x
4.1 x
9.9 x

1.0 x
1.5 x
1.6 x
6.1 x
8.3 x
1.9 x

2.6 x
4.1 x
4.2 x

10-"
io-'°
io-9

io-'°
,0-io

10'8
io-8

,0-.o
io- '°
10 "'
io-10

io-9

10"*

,0-m
,0-m
10-io

f, for
g > 1 a

1.000
0.100
0.010

0.005
0.005
0.005
0.005

1.000
0.100
0.010
1.000
0.100
0.010

1.000
1.000
1.000

Age 1-2 a
e(g)

2.0 x
2.7 x
1.0 x

2.1 x
2.4 x
3.4 x
9.1 x

7.0 x
1.1 x
1.1 x
6.7 x
6.6 x
1.7 x

1.9 x
2.9 x
3.1 x

10 "
,0-io
io-9

,0-.o
,0-io

io •*
10-"

10 "
, 0 -m
10 I0

10 "'
10"
10 s

,0 io
10 io
,0- io

Age 2-7 a
e(g)

1.1 x
1.4 x
6.3 x

1.2 x
1.4 x
2.0 x
6.1 x

3.2 x
4.9 x
5.1 x
3.6 x
4.0 x
1.1 x

9.1 x
1.5 x
1.5 x

10 "
,0 io

io-"1

,0-io
I Q - I O

10 *
10 "

10 "
10 "
10 "
10 "'
10 *
10 K

10-"
10 '"
, 0 - io

Age 7-12 a
e(g)

8.2 x
8.2 x
3.8 x

8.3 x
9.6 x
1.3 x
4.2 x

2.1 x
3.2 x
3.3 x
2.9 x
2.8 x
7.4 x

5.6 x
9.7 x
1.0 x

10 i:

10-"
io-"1

10-"
10-"
io-8

io-*

10 "
10" "
10 "
10 '"
10"
10"

io-"
10-"
,0 -m

Age 12-17 a
e(g)

5.9 x
5.3 x
2.8 x

6.2 x
6.8 x
1.1 x
3.7 x

1.3 x
2.1 x
2.2 x
1.9 x
2.5 x
6.4 x

3.4 x
6.9 x
7.3 x

io- 1 2

io-"
,0-io

10-"
10-"
io-8

io-8

10 "
10 "
10 "
10 I0

10 "
lO'9

10 "
10-"
io-"

Age > 1 7 a
e(g)

6.2 x ID'1 2

4.5 x IQ-"
2.6 x 10-'°

5.0 x 1Q-"
5.5 x 10-"
9.6 x IO'9
3.5 x 10-R

1.1 x 10 "
1.8 x 10 '•"
1.8 x 10"
2.0 x 10 I0

2.0 x 10 *
5.8 x 10 9

2.8 x 10-"
5.6 x 10-"
5.9 x 10-"

u»L-JUiri S t M j F
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Sodium
Na-22 2.60 a
Na-24 15.0 h
Magnesium
Mg-28 20.9 h

Aluminium
Al-26 7.16 x 10s a

Silicon
Si-31 2.62 h

Si-32 4.50 x IO2 a

Phosphorus
P-32 14.3 d

P-33 25.4 d

Sulphur
S-35 87.4 d
(inorganic)

Chlorine
Cl-36 3.01 x IO5 a

F
F

F
M

F
M

F
M
S
F
M
S

F
M
F
M

F
M
S

F
M

1.000
1.000

1.000
1.000

0.020
0.020

0.020
0.020
0.020
0.020
0.020
0.020

1.000
1.000
1.000
1.000

1.000
0.200
0.020

1.000
1.000

9.7 x IO-9

2.3 x lO'9

5.3 x IO-9

7.3 x IO-9

8.1 x IO'8
8.8 x IO-8

3.6 x 10-'°
6.9 x 10-'°
7.2 x 10-'°
3.0 x 10'8
7.1 x lO'8
2.8 x ID'7

1.2 x ID'8
2.2 x 10 8

1.2 x |0'9
6.1 x 10'9

5.5 x 10-'°
5.9 x ID'9
7.7 x ID'9

3.9 x 1C'9
3.1 x 10'8

1.000
1.000

0.500
0.500

0.010
0.010

0.010
0.010
0.010
0.010
0.010
0.010

0.800
0.800
0.800
0.800

0.800
0.100
0.010

1.000
1.000

7.3 x 10 "
1.8 x 10'9

4.7 x IO-9

7.2 x JO'9

6.2 x lO'8
7.4 x 10 8

2.3 x 10-'°
4.4 x 10-'°
4.7 x 10 I0

2.3 x lO'8
6.0 x 10'8
2.7 x IO-7

7.5 x 10 "
1.5 x 10 *
7.8 x 10 m

4.6 x 10 9

3.9 x lO'1 0

4.5 x IO"9

6.0 x 10 l)

2.6 x 10"9

2.6 x 10-"

3.X x 10 "
9.3 x 10 "'

2.2 x 10 9

3.5 x 10 l>

3.2 x 10 8

4.4 x 10 8

9.5 x 10'"
2.0 x 10 '"
2.2 x 10 l(1

1.1 x 10 8

3.6 x IO-8

1.9 x 10 7

3.2 x IO-9

8.0 x 10 "
3.0 x 10 l(l

2.8 x 10 9

I o v i r\ - 10
,O A 1 U

2.8 x 10 ''
3.6 x 10 9

I.I x 10 9

1.5 x 10

2.4 x 10 "
5.7 x 10 I0

1.3 x IO-9

2.3 x IO-9

2.0 x 1Q-"
2.9 x 10 K

5.9 x IO-"
1.3 x ID'10

1.4 x lO'10

6.4 x 10'9
2.4 x lO'8
1.3 x IO-7

1.8 x 10 9

5.3 x 10 "
2.0 x 10 '"
2.1 x 10 9

I.I x IO'10

2.0 x 10 <;

2.6 x 10 "

7.1 x 10-'°
1.0 x 10 8

1.5 x 10'"
3.4 x 10"10

7.3 x 10'10

1.5 x 10'9

1.3 x 10'8
2.2 x 10-"

3.2 x 10""
8.9 x 10-"
9.5 x 10-"
3.8 x 10"9

1.9 x 10"8

1.1 x 10'7

9.8 x 10'10

4.0 x 10 "
I.I x 10 - |0

1.9 x 10 9

6.0 x 10-"
1.8 x IO'9
2.3 x 10'9

3.9 x 10-'°
8.8 x 10'9

1.3 x 10 9

2.7 x 10-'°

6.0 x IO'10

1.2 x 1C'9

1.1 x lO"8

2.0 x JO'8

2.7 x IO-"
7.4 x 10-"
7.9 X.10-"
3.2 x JO'9
1.7 x ID'8
1.1 x ID'7

-
7.7 x 10'10

3.4 x 10 "
9.2 x 10-"
1.5 x IO-9

5.1 x 10-"
1.4 x ID'9
1.9 x 10'9

3.3 x 10-'"
7.3 x ID'9
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Nuclide

Cl-38

Cl-39

Potassium
K-40
K-42

=1 K-43
M K-44
3 K45

Calcium3

Ca-41

Ca-45

Ca-47

Physical
half-life

0.620

0.927

1.28 x 109

12.4
22.6

0.369
0.333

1.40 x 10s

163

4.53

h

h

a
h
h
h
h

a

d

d

Type

F
M
F
M

F
F
F
F
F

F
M
S

F
M
S

F
M
S

Age g < 1 a

f.

1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000

0.600
0.200
0.020
0.600
0.200
0.020
0.600
0.200
0.020

e(g)

2.9 x
4.7 x
2.7 x
4.3 x

2.4 x
1.6 x
1.3 x
2.2 x
1.5 x

6.7 x
4.2 x
6.7 x
5.7 x
1.2 x
1.5 x

4.9 x
1.0 x
1.2 x

io-'°
,0-.o
,0-io
,0-io

lO'8

io-9

io-9

io-'°
lO-io

,0-io
,0-m
,0- io

io-9

io-8

io-8

io-9

io-8

io-8

f, for
g > 1 a

1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000

0.300
0.100
0.010
0.300
0.100
0.010
0.300
0.100
0.010

Age 1-2 a
e(g)

1.9 x
3.0 x
1.8 x
2.8 x

1.7 x
1.0 x
9.7 x
1.4 x
1.0 x

3.8 x
2.6 x
6.0 x
3.0 x
8.8 x
1.2 x

3.6 x
7.7 x
8.5 x

io-'°
,0- io
,0-io
,0-i(.

io-8

io-9

,0-io

io-'°
,0-io

io- '°
10 '"
,0 - io

io-9

io-9

io-8

io-9

io-9

io-9

Age 2-7 a
e(g)

8.4 x
1.4 x

8.4 x
1.3 x

7.5 x
4.4 X
4.7 x
6.5 X
4.8 x

2.6 x
1.7 x
3.8 x

1.4 x
5.3 x
7.2 x

1.7 x
4.2 x
4.6 x

10-"
,0-io

io-"
, 0 - i o

io-9

,0-io
,0-m

10-"
10-"

10 '"
10 "'
10 ">

io-9

io-9

10 9

io-9

I O 9

io-9

Age 7-12 a
e(g)

5.1 x 10-"
8.5 x 10-"
5.1 x 10-"
8.5 x 10'"

4.5 x lO'9

2.6 x 10-'°
2.9 x ID'10

4.0 x 10-"
3.0 x 10-"

3.3 x 10-'°
1.7 x 10 '"
2.4 x ID' "'

1.0 x IO-9

3.9 x IO-9

5.1 x ID'9

1.1 x ID'9

2.9 x ID'9
3.3 x ID"9

Age 12-17 a
e(g)

3.0 x
5.4 x
3.1 x
5.6 x

2.5 x
1.5 x
1.7 x
2.4 x
1.8 x

3.3 x
1.6 x
1.9 x

7.6 x
3.5 x
4.6 x

6.1 x
2.4 x
2.6 x

10-"
io-"
10-"
10-"

io-9

,0-io
,0-io

10-"
10-"

io-'°
I 0 - i o
,0-io
,0-io
io-9

io-9

,0-io
io-9

io-9

Age > 17 a
e(g)

2.5 x 10-"
4.5 x 10-"
2.5 x 10-"
4.6 x 10-"

2.1 x IO-9

1.2 x 10-'°
1.4 x 10-'°
2.0 x 10-"
1.5 x 10-"

1.7 x 10-'°
9.5 x 10'"
1.8 x 10-'°
4.6 x lO'10

2.7 x IO-9

3.7 x ID'9

5.5 x 10-'°
1.9 x 10'9
2.1 x IO-9

F £>JJ uu \o (1)
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Scandium
Sc-43
Sc-44
Sc-44m
Sc-46
Sc-47
Sc-48
Sc-49

Titanium
Ti-44

Ti-45

Vanadium
V-47

V-48

V-49

Chromium
CMS

3.89 h
3.93 h
2.44 d
83. 8 d
3.35 d
1.82 d

0.956 h

47.3 a

3.08 h

0.543 h

16.2 d

330 d

23.0 h

S
S
S
S
S
S
S

F
M
S
F
M
S

F
M
F
M
F
M

F
M
S

0.001
0.001
0.001
0.001
0.001
0.001
0.001

0.020
0.020
0.020
0.020
0.020
0.020

0.020
0.020
0.020
0.020
0.020
0.020

0.200
0.200
0.200

9.3 x 10-'°
1.6 x 10-9

1.1 x 10-8

2.8 x 10-8

4.0 x 10-9

7.8 x lO'9

3.9 x 10'10

3.1 x 1C'7
1.7 x 10-7

3.2 x ID'7

4.4 x 10-'°
7.4 x 10-'°
7.7 x 10'10

1.8 x ID'10

2.8 x ID'10

8.4 x ID'9
1.4 x ID'8

2.0 x ID'10

2.8 x 10'10

7.6 x 10-'°
1.1 x 10-9

1.2 X 10-9

1.0 x ID'4

1.0 x ID'4

1.0 x ID'4

1.0 x 10-4

1.0 x 10-4

1.0 x 10-4

1.0 x 10-4

0.010
0.010
0.010
0.010
0.010
0.010

0.010
0.010
0.010
0.010
0.010
0.010

0.100
0.100
0.100

6.7 x ID'10

1.2 x lO'9

8.4 x lO'9

2.3 x 10-"
2.8 x 10-9

5.9 x ID'9

2.4 x ID'10

2.6 x 1C'7
1.5 x 10-7

3.1 x lO'7

3.2 x 10-'°
5.2 x lO'10

5.5 x 10-'°

1.2 x lO'10

1.9 x ID'10

6.4 x lO'9
1.1 x 10'8

1.6 x 10-'°
2.1 x 10-'°

6.0 x 10-'°
9.1 x 10-'°
9.8 x 10-'°

3.3 x 10-'°
5.6 x ID'10

4.2 x ID'9

1.4 x ID'8

1.5 x ID'9

3.1 x 10-9

1.1 x ID'10

1.5 x 10-7

9.2 x JO'8
2.1 x 10-7

1.5 x ID'10

2.5 x 10-'°
2.7 x 10-'°

5.6 x ID'"
8.6 x 10-"
3.3 x 10-9

6.3 x 10"9

7.7 x 10'"
1.1 x 10-'°

3.1 x 10-'°
5.1 x ID'10

5.5 x 10'10

2.2 x ID'10

3.6 x 10-'°
2.8 x ID"9

9.8 x 10'9

1.1 x ID'9

2.0 x 10-9

7.1 x 10-"

9.6 x ID'8
5.9 x 10'8
1.5 x lO'7

9.1 x 10'"
1.6 x 10-'°
1.7 x 10-'°

3.5 x 10-"
5.5 x 10-"
2.1 x ID'9
4.3 x 1Q-9

4.3 x 10 "
6.3 x 10-"

2.0 x 10-'°
3.4 x 10-'°
3.7 x 10-'°

1.4 x 10-'°
2.3 X 10-'°
1.7 x ID'9

8.4 x 10'9

9.2 x ID'10

1.4 x ID'9

4.7 x 10-"

6.6 X 10'8
4.6 x 10~8

1.3 x I'd'7

5.1 x 10-"
1.1 x 10-'°
1.1 x 10-'°

2.1 x 10-"
3.5 x 10-"
1.3 x ID'9
2.9 x 10'9

2.5 x 10'"
4.0 x 10-"

1.2 x lO'10

2.5 x 10-'°
2.8 X 10-'°

1.1 x 10-'°
1.8 x 10-'°
1.4 x lO"9

6.8 x 10-9

7.3 x 10-10

I.I x 10'9

4.0 x 10"* '

6.1 x 10'8
4.2 x ID'8
1.2 x 10"7

4.2 'x 10-"
8.8 x 10-"
9.3 x 10'"

1.7 x 10-"
2.9 x 10-"
1.1 x ID'9
2.4 x 10-9

2.1 x 10'"
3.4 x 10-"

9.9 x 10-"
2.0 x 10-10

2.2 x 10-'°



fetS) Lu
V ^

3•j

KI i - j PhysicalNuclide ,, ...half-life

Cr-49 0.702 h

Cr-51 27.7 d

Manganese
Mn-51 0.770 h

Mn-52 5.59 d

Mn-52m 0.352 h

Mn-53 3.70 x IO6 a

Mn-54 312 d

Mn-56 2.58 h

Iron'
Fe-52 8.28 h

Type

F
M
S
F
M
S

F
M
F
M
F
M
F
M
F
M
F
M

F
M
S

Ag

f.

0.200
0.200
0.200
0.200
0.200
0.200

0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200

0.600
0.200
0.020

;e g < 1 a

e(|

1.9 x
3.0 x
3.1 x
1.7 x
2.6 x
2.6 x

2.5 x
4.0 x
7.0 x
8.6 x
1.9 x
2.8 x
3.2 x
4.6 x
5.2 x
7.5 x
6.9 x
1.1 X

5.2 x
5.8 x
6.0 x

i

g)

10-io
io-'°
,0-.o
,0-.o
,0-io
,0-io

,0-m
,0-m

io-9

io-9

jO-io

io-'°
,0-io

io-9

io-9

io-'°
10-^

io-9

io-9

io-9

f, for
g > 1 a

0.100
0.100
0.100
0.100
0.100
0.100

0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100

0.100
0.100
0.010

Age 1-2 a
e(g)

1.3 x 10-'°
2.0 x 10-'°
2.1 x 10-'°
1.3 x 10 I0

1.9 x 10-'°
2.1 x 10-'°

1.7 x 10'10

2.7 x 10'10

5.5 x ID'9
6.8 x ID'9

1.3 x 10'10

1.9 x 10-'°
2.2 x 10'10

3.4 x 10-'°
4.1 x JO'9
6.2 X ID'9

4.9 x ID'10

7.8 x ID'1 0

3.6 x ID'9
4.1 x JO'9
4.2 x 1C"9

Age :
e(

6.0 x
9.5 x
9.9 x
6.3 x
1.0 x
1.0 x

7.5 x
1.2 x
2.9 x
3.7 x
6.1 x
8.7 x
1.1 x
1.7 x
2.2 x
3.8 x
2.3 x
3.7 x

1.5 x
1.9 x
2.0 x

2-7 a
g)

10-"
10-"
10-"
10 "
,0 io
,0-io

10-"
,0-10

io-9

io-9

10-"

10-io
,0 io

10 9

io-9

10-io
,0-m

io-9

io-9

io-9

Age 7-12 a
e(g)

3.7 x 10-"
6.1 x 10-"
6.4 x 10-"
4.0 x 10-"
6.4 x 1Q-"
6.6 x 10-"

4.6 x 10-"
7.8 x 10'"
1.8 x ID'9
2.4 x IO-9

3.8 x 10-"
5.5 x 1Q-"
6.0 x 10-"
1.0 x 10-'°
1.5 x ID'9
2.4 x ID'9

1.4 x 10-'°
2.4 x lO'1 0

8.9 x 10'10

1.2 x IO-9

1.3 x ID'9

Age i:
e(

2.2 x
4.0 x
4.2 x
2.4 x
3.9 x
4.5 x

2.8 x
5.0 x
1.1 x
1.7 x
2.2 x
3.4 x
3.4 x
6.4 x
9.9 x
1.9 x
7.8 x
1.5 x

4.9 x
7.4 x
7.7 x

2-17 a
g)

10-"
10-"
10-"
10-"
10""
10-"

10-"
10-"
io-9

io-9

10-"
10-"
10-"
10-"
10-io
io-9

10-"
10-io

,0-io
,0-io
,0-m

Age > 17 a
e(g)

1.9 x 10-"
3.3 x 10-"
3.5 x 1Q-"
2.0 x 10'"
3.2 x 1Q-"
3.7 x 10-"

2.3 x 10-"
4.1 x 10-"
9.4 x 10"10

1.4 x ID'9

1.9 x 10'"
2.9 x 10-"
2.9 x 10-"
5.4 x 10-"
8.5 x ID'10

1.5 x IO-9

6.4 x 10'"
1.2 x lO'10

3.9 x 10-'°
6.0 x ID'10

6.3 x 10-'°

UU \6



3

Fe-55

Fe-59

Fe-60

Cobalt"
Co-55

Co-56

Co-57

Co-58

Co-58m

Co-60

2.70 a F
M
S

44.5 d F
M
S

1.00 x IO5 a F
M
S

17.5 h F
M
S

78.7 d F
M
S

271 d F
M
S

70.8 F
M
S

9.15h F
M
S

5.27 a F
M
S

0.600
0.200
0.020
0.600
0.200
0.020
0.600
0.200
0.020

0.600
0.200
0.020
0.600
0.200
0.020
0.600
0.200
0.020
0.600
0.200
0.020
0.600
0.200
0.020
0.600
0.200
0.020

4.2 x ID'9
1.9 x IO-9

1.0 x lO'9

2.1 x IO-8

1.8 x IO-8

1.7 x 10-"
4.4 x lO'7
2.0 x IO-7

9.3 x ID'8

2.2 x 10 9

4.1 x 1C'9
4.6 x 1C'9

1.4 x IO-8

2.5 x JO'8
2.9 x IO-8

1.5 x IO-9

2.8 x IO-9

4.4 x 1C'9

4.0 x ID'9
7.3 x JO'9
9.0 x ID'9

4.8 x 10-"
1.1 x 10-'°
1.3 x 10-'°
3.0 x IO-8

4.2 x ID'8
9.2 x 10'8

0.100
0.100
0.010
0.100
0.100
0.010
0.100
0.100
0.010

0.100
0.100
0.010
0.100
0.100
0.010
0.100
0.100
0.010
0.100
0.100
0.010
0.100
0.100
0.010
0.100
0.100
0.010

3.2 x 10'9
1.4 x ID'9
8.5 x lO'10

1.3 x IO'8
1.3 x IO-8

1.3 x IO ' 8

3.9 x ID'7
1.7 x IO-7

8.8 x !0-K

1.8 x 10 9

3.1 x ID'9
3.3 x ID'9

1.0 x ID'8
2.1 x ID'8
2.5 x ID'8

1.1 x ID'9
2.2 x IO-9

3.7 x ID'9

3.0 x ID'9
6.5 x ID'9
7.5 x IO-9

3.6 x 10-"
7.6 x I O ' 1 1

9.0 x 10-"
2.3 x IO-8

3.4 x JO'8
8.6 x ID'8

2.2 x 10 y

9.9 x 10'10

5.0 x 10 l(1

7.1 x IO-9

7.9 x ID'9
8.1 x 10-''
3.5 x ID ' 7

1.6 x ID'7
6.7 x 10-R

9.0 x 10 ll)

1.5 x IO-9

1.6 x IO-9

5.5 x ID'9
1.1 x IO-8

1.5 x lO'8

5.6 x 10-'°
1.3 x ID"9

2.3 x IO-9

1.6 x ID'9
3.5 x 1Q-9

4.5 x 10'9

1.7 x 10-"
3.8 x 10-"
4.5 x 10 "
1.4 x 10'8
2.1 x 10'8

5.9 x lO'8

1.4
6.2
2.9
4.2
5.5
5.8
3.2
1.4
5.2

5.5
9.8
1.1
3.5
7.4
1.0
3.7
8.5
1.5
1.0
2.4
3.1
1.1
2.4
3.0
8.9
1.5
4.0

x
x
X

X
X

X

X

X

X

X
X
X

X
X
X

X
X
X

X
X
X

X
X
X

X
X
X

io -9

io-'°
10 10

io-9

io-9

10-"
io-7

io-7

io-R

10 i°
io-'°
io-9

io-9

io-9

io-8

10-io
10-io
io-9

io-9

io-9

io-9

10-"
10-"
10 "
io-9

io-8

io-8

9.4 x ID'10

4.4 X 10"'°
2.0 x 10-'°
2-6 x ID'9
4.6 x IO-9

5.1 x IO-9

2.9 x ID'7
1.4 x lO'7
4.9 X 10'8

3.1 x ID"10

6.1 x ID'10

6.6 x 10-'°
2.2 x ID'9
5.8 x ID'9
8.0 x JO'9

2.3 x ID'10

6.7 x ID'10

1.2 x 10'9

6.4 x 10-'°
2.0 x ID'9
2.6 x IO-9

5.9 x JO'12

1.6 x 10-"
2.0 x 10 "
6.1 x ID'9
1.2 x 10'8
3.4 x 1Q-8

7.7 x 10'10

3.8 x 10-'°
1.8 x 10-'°
2.2 x IO-9

3.7 x IO-9

4.0 x IO-9

2.8 x IO-7

1.4 x IO-7

4.9 x 10'8

2.7 x IO-10

5.0 x 10-'°
5.3 x 10-'°
1.8 x 1C'9
4.8 x ID'9
6.7 x 1C'9

1.9 x 10'10

5.5 x ID'10

1.0 x IO-9

5.3 x 10-'°
1.6 x IO-9

2.1 x ID'9

5.2 x IO-12

1.3 x 10-"
1.7 x 10-"
5.2 x IO-9

1.0 x ID'8
3.1 x ID'8

UU 6*J cJL>SJI ,_j f, i. (1)



srsi
Nuclide "»»? Typehalf-hfe r

Co-60m 0.174h F
M
S

Co-61 1.65 h F
M
S

Co-62m 0.232 h F
M

=1
.4» Nickel
3 Ni-56 6.10d F
3 M

S
Ni-57 1.50d F

M
S

Ni-59 7.50 x IO4 a F
M
S

Ni-63 96.0 a F
M
S

Ni-65 2.52 h F
M
S

(glS) LuLu-^

Age g < 1 a

f,

0.600
0.200
0.020
0.600
0.200
0.020
0.600
0.200
0.020

0.100
0.100
0.020
0.100
0.100
0.020
0.100
0.100
0.020
0.100
0.100
0.020
0.100
0.100
0.020

e(g)

4.4 x 10-'2
7.1 x 10'12

7.6 x IO-12

2.1 x 10-'°
4.0 x 10-'°
4.3 x 10-'°
1.4 x 10-'°
1.9 x JO'10

2.0 x lO'10

3.3 x ID'9
4.9 x IO-9

5.5 x IO-9

2.2 x IO-9

3.6 x ID'9
3.9 x 10'9

9.6 x 10-'°
7.9 x ID'10

1.7 x ID'9

2.3 x IO-9

2.5 x 10'9
4.8 x ID'9

4.4 x 10-'°
7.7 x ID'10

8.1 x ID'10

f, for
g > 1 a

0.100
0.100
0.010
0.100
0.100
0.010
0.100
0.100
0.010

0.050
0.050
0.010
0.050
0.050
0.010
0.050
0.050
0.010
0.050
0.050
0.010
0.050
0.050
0.010

Age 1-2 a
e(g)

2.8
4.7
5.1
1.4
2.7
2.8
9.5
1.3
1.3

2.8
4.1
4.6
1.8
2.8
3.0
8.1
6.2
1.5
2.0
1.9
4.3
3.0
5.2
5.5

x
x
X

X
X
X

X
X
X

X
X
X

X
X
X

X
X

X

X
X
X

X
X
X

,0-12

io-12

io-12

,0-io
lO-io
,0-10

10-"
io-'°
,0-10

io-9

io-9

io-9

io-9

io-9

io-9

,0-io
,0-io
io-9

io-9

io-9

io-9

,0-io
,0-io
,0- io

Age 2-7 a
e(g)

1.5 x
2.7 x
2.9 x
6.0 x
1.2 x
1.3 x
4.5 x
6.1 x
6.3 x

1.5 x
2.3 x
2.7 x
8.9 x
1.5 x
1.5 x
4.5 x
3.4 x
9.5 x
1.1 x
1.1 x
2.7 x
1.4 x
2.4 x
2.6 x

io-12

io-12

io-'2
10-"
,0-10
,0-10

10-"
10-"
10-"

io-9

io-9

io-9

,0-10
io-9

io-9

,0-10
lO-io
,0-io

io-9

io-9

io-9

,0-io
,0-io
,0-m

Age 7-12 a
e(g)

1.0 x 1Q-'2
1.8 x 10-'2
2.0 x IO-12

3.8 x 1Q-"
8.2 x 10'"
8.8 x 10-"
2.8 x 10-"
3.8 x 10-"
4.0 x 1Q-"

9.3 x 10'10

1.5 x ID'9
1.8 x ID'9

5.5 x 10-'°
9.5 x 10-'°
1.0 x 1Q-9

2.8 x 10'10

2.1 x 10-'°
5.9 x 10-'°
6.7 x 10-'°
7.0 x 10-'°
1.7 x IO-9

8.5 x 10-"
1.6 x 10'10

1.7 x 10-'°

Age 12-17 a
e(g)

8.3 x 10-'3
1.5 x 10-'2
1.7 x IO-'2

2.2 x 10-"
5.7 x 10-"
6.1 x 1Q-"
1.7 x 10-"
2-.4 x 10'"
2.5 x 10-"

5.8 x 10-'°
1.1 x 10'9
1.3 x ID"9

3.1 x 10-'°
6.2 x 10-'°
6.6 x ID'10

1.9 x 10-'°
1.4 x 10-'°
4.6 x 10-'°
4.6 x ID'10

5.3 x ID'10

1.3 x ID'9

4.9 x 10-"
1.0 x JO'10

1.1 x 10-'°

111) JjJLjJI

Age > 17 a
e(g)

6.9 x 10-'3
1.2 x 10-'2
1.4 x ID'12

1.9 x 10-"
4.7 x 10-"
5.1 x 10-"
1.4 x 10'"
2.0 x 10-"
2.1 x 10-"

4.9 x 10-'°
8.7 X 10-'°
1.0 x ID'9

2.5 x 10-'°
5.0 x 10-'°
5.3 x 10-'°
1.8 x ID'10

1.3 x 10-'°
4.4 x 10-'°
4.4 x 10-'°
4.8 x lO'10

1.3 x ID'9

4.1 x 10-"
8.5 x 10-"
9.0 x 10-"



Ni-66

Copper
Cu-60

Cu-61

- Cu-64
3
^
1 Cu-67
-I
?

T. Zinc
V Zn-62

t,J

Zn-63

Zn-65

Zn-69

3
04

2.27 d F
M
S

0.387 h F
M
S

3.41 h F
M
S

12.7 h F
M
S

2.58 d F
M
S

9.26 h F
M
S

0.635 h F
M
S

244 d F
M
S

0.950 h F
M
S

0.100
0.100
0.020

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1. 000
1.000

1.000
0.200
0.020
1.000
0.200
0.020
1.000
0.200
0.020
1.000
0.200
0.020

5.7 x 10'9
1.3 x 10'8
1.5 x 10'8

2.1 x 10'10

3.0 x ID'10

3.1 x 10-'°
3.1 x 10-'°
4.9 x JO'10

5.1 x IO'10

2.8 x 10-'°
5.5 x 10-'°
5.8 x ID'10

9.5 x ID'10

2.3 x ID'9
2.5 x lO'9

1.7 x ID'9
4.5 x ID'9
5.1 X ID'9

2.1 x 10'10

3.4 x lO'10

3.6 X 10-'°
1.5 X ID'8
8.5 x ID'9

7.6 x IO-9

1.1 x ID'10

2.2 x ID"10

2.3 x 10-'°

0.050
0.050
0.010

0.500
0.500
0.500
0.500
0.500
0.500
0.500
0.500
0.500
0.500
0.500
0.500

0.500
0.100
0.010
0.500
0.100
0.010
0.500
0.100
0.010
0.500
0.100
0.010

3.8 x ID'9
9.4 x IO-9

1.0 x 10'8

1.6 x 10-'°
2.2 x 10-'°
2.2 x 10'10

2.7 x ID'10

4.4 x 10-'°
4.5 x 10-'°
2.7 x 10-'°
5.4 x 10-'°
5.7 x ID'10

8.0 x 10'10

2.0 X 10~9

2.1 x lO"9

1.7 x ID'9
3.5 x ID'9
3.4 x lO'9

1.4 x ID'10

2.3 x 10'10

2.4 x lO'10

1.0 x 10'8
6.5 x JO'9
6.7 x lO'9

7.4 x 10-"
1.4 x 10'10

1.5 x 10-'°

1.6 x IO'9
4.5 x IO'9

5.0 x 10'9

7.5 x 10-"
1.0 x IO'10

1.1 x 10 I0

1.3 x 10'10

2.1 x 10-'°
2.2 x 10 I0

1.2 x 10-'°
2.7 x 10-'°
2.9 x 10-'°
3.5 x 10-'°
1.1 x 10'9
1.2 x 10'9

7.7 x ID'10

1.6 x ID'9
1.8 x IO'9

6.5 x 10-"
1.0 x ID' 1 0

1.1 x 10'10

5.7 x IO-9

3.7 x 10'9
4.4 x 10'9

3.2 x 10'"
6.5 x 10-"
6.9 x 10'"

1.0 x 10'9
2.9 x 10"9

3.2 x ID'9

4.6 x 10-"
6.5 x 10-"
6.7 x 10'"
7.9 x 10-"
1.4 x 10-'°
1.4 x 10-'°
7.6 x 10-"
1.9 x ID'10

2.0 x 10-'°
2.2 x IO-10

8.1 X 10-'°
8.9 x 10-'°

4.6 X 10-'°
1.0 x 10"9

1.1 x ID"9

4.0 X 10-"
6.6 x 10-"
6.9 x 10-"
3.8 x IO-9

2.4 x IO-9

2.9 x IO-9

2.1 x 10-"
4.4 X 10-"
4.7 x 10-"

5.1 x 10-'°
2.0 x JO'9
2.2 x ID'9

2.9 x 10'"
4.0 x 10-"
4.2 x 1Q-"
4.5 x IO-"
9.1 x 10-"
9.6 x 10-"
4.2 x 10-"
1.4 x JO'10

1.3 x ID'10

1.2 x ID'10

6.9 x ID'10

7.7 x 10'10

2.5 x ID'10

6.0 x ID'10

6.6 x ID"10

2.4 x 10'"
4.2 x 10-"
4.4 x 1Q-"
2.5 x ID'9

1.9 x IO-9

2.4 x 10'9

1.2 x 10-"
3.1 x 10'"
3.4 x 10-"

4.2 x 10-'°
1.6 x ID'9

1.8 x ID'9

2.3 x 10-"
3.3 x 10-"
3.4 x 10-"
3.7 x 10-"
7.4 x 1Q-"
7.8 x 10-"
3.5 x 10-"
1.1 x 10'10

1.2 x 10'10

1.0 x ID'10

5.5 x 10-'°
6.1 x 10'10

2.0 x IO-10

5.0 x ID'10

5.5 x urto

2.0 x 10-"
3.5 x ID'"
3.7 x 10-"
2.2 x IO-9

1.6 x ID'9
2.0 x 1C"9

1.1 x 1Q-"
2.6 x 10-"
2.8 x 10-"



1

3
3

Nuclide

Zn-69m

Zn-71m

Zn-72

Gallium
Ga-65

Ga-66

Ga-67

Ga-68

Ga-70

Ga-72

Ga-73

Physical
half-life

13.8 h

3.92 h

1.94d

0.253 h

9.40 h

3.26d

1.13 h

0.353 h

14.1 h

4.91 h

Type

F
M
S
F
M
S
F
M
S

F
M
F
M
F
M
F
M
F
M
F
M
F
M

Age

f.

1.000
0.200
0.020
1.000
0.200
0.020
1.000
0.200
0.020

0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010

g <1 a

e(g)

6.6 x 10'10

2.1 x JO'9
2.2 x 10'9

6.2 x 10-'"
1.3 x ID'9
1.4 x 10'9

4.3 x lO'9
8.8 x ID'9
9.7 x ID'9

1.1 x 10-'°
1.6 x ID'10

2.8 x 1C'9
4.5 x lO'9

6.4 x 10'10

1.4 x 10'9

2.9 x ID'10

4.6 x lO'10

9.5 x 10-"
1.5 x ID'10

2.9 x 10-9

4.5 x ID'9

6.7 x ID'10

1.2 x ID'9

f, for
g > 1 a

0.500
0.100
0.010
0.500
0.100
0.010
0.500
0.100
0.010

0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001

Age 1-2 a
e(g)

6.7 x 10-'°
1.5 x 10-9

1.7 x 10"9

5.5 x 10 I0

9.4 x lO ' 1 0

1.0 x 10-9

3.5 x 10-9

6.5 x lO'9
7.0 x JO'9

7.3 x 10-"
1.1 x 10-'°
2.0 x ID'9
3.1 x 10-9

4.6 x 10-'°
1.0 x ID'9

1.9 x lO'10

3.1 x JO'10

6.0 x 1Q-"
9.6 x 10-"
2.2 x 10-9

3.3 x ID'9

4.5 x 10-'°
8.4 x lO'1 0

Age 2-7 a
e(g)

3.0 x 10'lu
7.5 x 10-'°
8.2 x 10 10

2.6 x 10 I0

4.6 x 10 l ( l

4.9 x 10-'°
1.7 x 10'9
3.4 x 10 9

3.6 x IQ-9

3.4 x 10-"
4.8 x 10'"
9.2 x 10'10

1.5 x 10'9

2.2 x 10'10

5.0 x ID"1 0

8.8 x 10'"
1.4 x ID'1 0

2.6 x 10-"
4.3 x 10-"
1.0 x 10 9

1.6 x lO' 9

2.0 x 10-'°
4.0 x 10-'°

(1

Age 7- 1 2 a
e(g)

1.8 x 10-'°
5.0 x ID' 1 0

5.4 x 10-'°
1.6 x 10 I0

2.9 x 10 • ' "
3.1 x ID'10

1.0 x 10-9

2.3 x ID'9
2.4 x 10-9

2.1 x 10-"
3.1 x 10-"
5.7 x 10-'°
9.2 x 10-'°
1.4 x 10-'°
3.6 x 10-'°
5.4 x 10-"
9.2 x 10-"
1.6 x 10-"
2.8 x 10-"
6.4 x 10-'°
1.0 x ID'9

1.2 x 10-'°
2.6 x 10 I0

ul!) uuLj/-/,;

Age 12-17 a
c(g)

9.9 x 1Q-"
3.0 x 10-'°
3.3 x 10'10

9.1 x 10 "
1.9 x 10 l()

2.0 x 10'10

5.9 x 10-'°
1.5 x 10'9
1.6 x lO'9

1.3 x 10-"
2.0 x 1Q-"
3.0 x ID'10

5.3 x 10-'°
7.7 x 10-"
3.0 x 10 I0

3.1 x 10-"
5.9 x 10-"
1.0 x 10-"
1.8 x 10-"
3.6 x 10-'°
6.5 x 10-'°
6.4 x 10-"
1.7 x ID'1 0

,1111 JjJyajJ

Age > 17 a
e(g)

8.2 x 10-"
2.4 x ID'10

2.7 x 10-'°
7.4 x 10-"
1.5 x lO' 1 0

1.6 x 10-'°
4.9 x 10-'°
1.2 x ID'9
1.3 x 10-9

1.1 x 10-"
1.7 x 10-"
2.5 x ID'10

4.4 x 10'10

6.4 x 1Q-"
2.4 x ID'10

2.6 x 10-"
4.9 x 10-"
8.8 x 10-'2
1.6 x 10-"
2.9 x 10-'°
5.3 x 10-10

5.4 x 10'"
1.4 x 10'10



3

A

^

*»

.̂

J

*

8
04

Germanium
Ge-66

Ge-67

Ge-68

Ge-69

Ge-71

Ge-75

Ge-77

Ge-78

Arsenic
As-69
As-70
As-71
As-72
As-73
As-74
As-76
As-77
As-78

2.27 h

0.312 h

288 d

1. 63d

11.8 d

1.38 h

11.3 h

1.45 h

0.253 h
0.876 h
2.70 d
1.08d
80.3d
17. 8 d
l . lOd
1.62d
1.51 h

F
M
F
M
F
M
F
M
F
M
F
M
F
M
F
M

M
M
M
M
M
M
M
M
M

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

4.5 x 10-'°
6.4 x 10-'°
1.7 x lO'10

2.5 x 10-'°
5.4 x 10'9
6.0 x IO'8

1.2 x 10'9
1.8 x ID'9

6.0 x 10-"
1.2 x 10-'°
1.6 x 10'10

2.9 x ID'10

1.3 x 1C'9
2.3 x 10-9

4.3 x ID'10

7.3 x ID'10

2.1 x 10-'° (
5.7 x 10-'° (
2.2 x ID'9 (
5.9 x ID'9 (
5.4 x 10'9 (
1.1 X 10'8 (
5.1 X ID'9 (
2.2 X lO'9 (
8.0 x 10'10 (

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

3.500
3.500
3.500
3.500
3.500
3.500
3.500
3.500
3.500

3.5 x 10-'°
4.8 x ID"10

1.1 x lO'10

1.6 x 10-'°
3.8 x lO'9
5.0 x lO'8

9.0 x 10-'°
1.4 x ID'9

4.3 x 10-"
8.6 x 10-"
1.0 x lO'10

1.9 x ID'10

9.5 x ID'10

1.7 x lO'9

2.9 x ID'10

5.0 x ID'10

1.4 x ID'10

4.3 x 10'10

1.9 x ID'9

5.7 x ID'9

4.0 x ID'9

8.4 x 10'9

4.6 x 10'9

1.7 x lO'9

5.8 x ID'10

1.8 x lO'10

2.5 x ID'10

4.9 x 10-"
7.3 x 10-"
1.8 x 10-9

3.0 x 10"
4.6 x 10-'°
7.4 x IO' 1 0

2.0 x 10-"
4.1 x 10-"
4.3 x 10-"
8.9 x 10-"
4.7 x 10-'°
8.8 x ID'10

1.4 x 10-'°
2.5 x 10-'°

6.3 x 10-"
2.1 x 10-'°
1.0 x 10'9

2.7 x IO-9

2.3 x IO-9

4.7 x ID'9

2.2 x ID'9

8.9 x IO-10

2.7 x 10-'°

1.1 x 10-'°
1.6 x ID'10

3.1 x 10-"
4.6 x 10'"
1.1 x IO-9

2.0 x 10-"
2.8 x lO'10

4.9 x 10-'°
1.1 x 10-"
2.4 x 1Q-"
2.8 x 10-"
6.1 x 1Q-"
2.9 x 10-'°
6.0 x ID'10

8.9 x 10-"
1.6 x 10-'°

4.0 x 10-"
1.3 x 10-'°
6.8 x JO'10

1.7 x ID'9

1.5 x ID'9

3.3 x ID'9

1.4 x ID'9

6.2 x 10'10

1.7 x 10-'°

6.7 x 10-"
1.1 x 10-'°
1.8 x 10-"
2.9 x 10-"
6.3 x IO-10

1.6 x IO-"
1.7 x 10-'°
3.6 x lO"10

6.1 x 10-'2
1.3 x 10-"
1.7 x 10-"
4.4 x 10-"
1.7 x 10-'°
4.5 x ID'10

5.5 X 10-"
1.2 x 10-'°

2.5 x 10-"
8.3 x 10-"
5.0 x ID'10

1.1 x 1C'9

1.2 x JO'9

2.6 x 10'9

8.8 x 10'10

5.0 x 10-'°
1.1 x 10-'°

5.4 x 1Q-"
9.1 x 10-"
1.5 x 1Q-"
2.5 x 10-"
5.2 x lO'10

1.4 x lO'8

1.3 x ID'10

2.9 x 10-'°
4.8 x 10'12

1.1 x 1Q-"
1.5 x 10-"
3.6 x 10-"
1.4 x ID"10

3.7 x 10-'°
4.5 x 10-"
9.5 x 1Q-"

2.1 x 10-"
6.7 x 1Q-"
4.0 x ID'10

9.0 x ID'10

1.0 x JO'9

2.1 x JO'9

7.4 x 10-'°
3.9 x JO'10

8.9 x 10'"



S

Nuclide

Selenium
Sc-70

Sc-73

Se-73m

Se-75

Se-79

Se-81

Se-81m

Se-83

Age g < 1 a

half-life

0.683 h F
M
S

7 . I 5 H F
M
S

0.650 h F
M
S

120 d F
M
S

6.50 x IO4 a F
M
S

0.308 h F
M
S

0.954 h F
M
S

0.375 h F
M
S

f,

1. 000
0.200
0.020
1.000
0.200
0.020
1.000
0.200
0.020
1.000
0.200
0.020
1.000
0.200
0.020
1.000
0.200
0.020
1.000
0.200
0.020
1.000
0.200
0.020

e(g)

3.9 x 10 in

6.5 x 10-'°
6.8 x 10-'°
7.7 x 10 l()

1.6 x IO-9

1.8 x IO-9

9.3 x 10-"
1.8 x ID'10

1.9 x ID'10

7.8 x IO-9

5.4 x 10-9

5.6 x IO-9

1.6 x 10'8
1.4 x 1Q-8 •
2.3 x ID'8

8.6 x 10'"
1.3 x 10-'°
1.4 x 10-'°
1.8 x 10-'°
3.8 x 10-'°
4.1 x ID"10

1.7 x 10-'°
2.7 x ID'10

2.8 x 10-'°

f, for
g > 1 a

0.800
0.100
0.010
0.800
0.100
0.010
0.800
0.100
0.010
0.800
0.100
0.010
0.800
0.100
0.010
0.800
0.100
0.010
0.800
0.100
0.010
0.800
0.100
0.010

Age 1-2 a
e(g)

3.0 x
4.7 x
4.8 x
6.5 x
1.2 x
1.3 x
7.2 x
1.3 x
1.3 x
6.0 x
4.5 x
4.7 x
1.3 x
1.1 x
2.0 x
5.4 x
8.5 x
8.9 x
1.2 x
2.5 x
2.7 x
1.2 x
1.9 x
2.0 x

^
10 '"
10 '"
,0-10
,0 io
10"
io-9

10-"
,0-io
,0-10

io-9

io-9

io-9

io-8

io-«
io-8

10-"
10-"
10-"
,0-io
,0-m
,0-io
,0-m
,0-io
,0-io

Age:
e(

1.5 x
2.3 x
2.3 x
3.3 x
5.9 x
6.3 x
3.5 x
6.1 x
6.5 x
3.4 x
2.5 x
2.9 x
7.7 x
6.9 x
1.3 x
2.3 x
3.8 x
3.9 x
5.4 x
1.2 x
1.3 x
5.8 x
9.2 x
9.6 x

2-7 a
g)

I 0 - i o
io- 1 0

10 10

m - m
10 I0

10-io

10-"
10-"
10-"
io-9

io-9

io-9

io-9

io-9

io-8

10-"
10-"
10-"
10-"
,0-10
,0-io

io-"
to-"
10-"

Age 7-12 a
e(g)

9.0 x
1.4 x
1.5 x
2.1 x
3.8 x
4.0 x
2.3 x
3.9 x
4.1 x
2.5 x
1.7 x
2.0 x
5.6 x
4.9 x
8.7 x
1.5 x
2.5 x
2.6 x
3.4 x
8.0 X
8.5 x
3.6 x
5.9 x
6.2 x

10 "
10 '"
, 0 - io
,0-m
10 '"
lo-.o

10-"
10-"
10-"
io-9

io-9

io-9

io-9

io-9

io-9

10-"
10-"
10-"
10-"
10-"
10-"
10-"
10-"
10-"

Age 12-17 a
e(g)

5.1 x 10-"
8.9 x 10 "
9.4 x 10-"
1.0 x 10-'°
2.4 x 10 I0

2.6 x ID'10

1.1 x 10-"
2.5 x 1Q-"
2.6 x 1Q-"
1.2 X 1C'9

1.3 X 1Q-9

1.6 X ID'9

1.5 x 1Q-9

3.3 x IO-9

7.6 x ID'9

9.2 X ID'12

1.6 x 10-"
1.7 x 10'"
1.9 x 10-"
5.8 x 10'"
6.2 x 10'"
2.1 x 10'"
3.9 x 10'"
4.1 x 10'"

Age > 17 a
e(g)

4.2 x ID'11

7.3 x 10-"
7.6 x 10-"
8.0 x 10-"
1.9 x 10-'°
2.1 x 10-'°
9.2 x 10-'2
2.0 x 10-"
2.2 x 10-"
1.0 x 10"9

1.1 x 10-'
1.3 x 10'9

1.1 x IO-9

2.6 x tO'9
6.8 x 10'9

8.0 x IO-12

1.4 x 10-"
1.5 x 1Q-"
1.6 x 1Q-"
4.7 x 1Q-"
5.1 x 10-"
1.8 x 10""
3.2 x 1Q-"
3.4 x 10-"
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Bcs

Bromine
Br-74

Br-74m

Br-75

Br-76

Br-77

Br-80

Br-80m

Br-82

Br-83

Br-84

Rubidium
Rb-79
Rb-81
Rb-81m
Rb-82m
Rb-83
Rb-84

0.422 h

0.691 h

1.63 h

16.2 h

2.33 d

0.290 h

4.42 h

1.47 d

2.39 h

0.530 h

0.382 h
4.58 h

0.533 h
6.20 h
86.2 d
32. 8 d

F
M
F
M
F
M
F
M
F
M
F
M
F
M
F
M
F
M
F
M

F
F
F
F
F
F

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000

2.5 x lO'10

3.6 x 10?1°
4.0 x 10'10

5.9 x 10'10

2.9 x 10'10

4.5 x 10'10

2.2 x 10-9

3.0 x 10 9

5.3 x 10-'°
6.3 x 10-'°
7.1 x 10-"
1.1 x 10-'°
4.3 x ID'10

6.8 x lO'10

2.7 x ID'9
3.8 x 10-9

1.7 x 10-'°
3.5 x 10-'°
2.4 x 10-'°
3.7 x ID'10

1.6 x 10-'°
3.2 x 10-'°
6.2 x 10-"
8.6 x ID'10

4.9 x 10-9

8.6 x 10-9

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000

1.8 x 10-'°
2.5 x 10'10

2.8 x 10'10

4.1 x 10-'°
2.1 x ID'10

3.1 x 10-'°
1.7 x ID'9
2.3 x 10 9

4.4 X 10-'"
5.1 x 10-'°
4.4 X 10'"
6.5 x 10-"
2.8 x 10-'°
4.5 x 10'10

2.2 x 10-9

3.0 x JO'9

1.1 x ID'10

2.3 x 10-'°
1.6 x 10-'°
2.4 x 10 I0

1.1 x 10-'°
2.5 x 10-'°
4.6 x 10-"
7.3 x 10-'°
3.8 x 1C'9

6.4 x 10-9

8.6 x 10-"
1.2 x ID'10

1.3 x ID'10

1.9 x lO'10

9.7 x 10-"
1.5 x ID'10

8.4 x 10-'°
1.2 x !() q

2.2 x 10"'
2.7 x 10 I0

1.8 x 10-"
2.8 x 10 "
1.2 x 10-'°
2.1 x 10; "'
1.2 x 10 9

1.7 x 10-9

4.7 x 10-"
1.1 x 10-'°
7.1 x 10 -"
1.1 x 10 10

5.0 x 10-"
1.2 x 10-'°
2.2 x 10-"
3.9 x 10 I0

2.0 x ID"9

3.1 x 10-9

5.3 x 10-"
7.5 x 10-"
8.1 x 10-"
1.2 x 10-'°
5.9 x 10-"
9.7 x 10-"
5.1 x 10-'°
7.5 x 10-'°
1.3 x 10 10

1.6 x 10-'°
1.2 x 10-"
1.8 x 10-"
7.2 x 10-"
1.4 x 10-'°
7.0 x 10-'°
1.1 x ID'9

3.0 x 1Q-"
7.7 x 1Q-"
4.4 x 10'"
6.9 x 10-"

3.2 x 10-"
7.1 x 10-"
1.4 x 10'"
2.3 x 10-'°
1.3 x 10-9

2.0 x JO'9

3.2 x 10-"
4.6 x 10-"
4.8 x 10-"
7.5 x 10-"
3.5 x 1Q-"
6.5 x 10-"
3.0 x 10-'°
5.0 x 10-'°
7.7 x 10-"
1.1 x 10-'°
6.9 x 10-12

1.1 x 10-"
4.0 x 10'"
9.3 x 10-"
4.2 x 10-'°
7.9 x 10-'°
1.8 x 10-"
5.9 x 10-"
2.6 x 10-"
4.4 x 1Q-"

1.9 x 10-"
4.2 x 10'"
8.5 x 10-'2

1.4 x 10-'°
7.9 x 10-'°
1.2 x 10-9

2.6 x 10-"
3.8 x 10-"
3.9 x 10-"
6.2 x 1Q-"
2.9 x 10'"
5.3 x 1Q-"
2.4 x ID"10

4.1 x 10-'°
6.2 x 10-"
8.4 x 10-"
5.9 x 10-'2
9.4 x ID'12

3.3 x 10-"
7.6 x 10-"
3.5 x 10-'°
6.3 x 10-'°
1.6 x 10-"
4.8 x 10-"
2.2 x 1Q-"
3.7 x 10-"

1.6 x 1Q-"
3.4 x 10-"
7.0 x 10'12

1.1 x tO'10

6.9 x 10-'°
1.0 x lO"9



oo
(S

Nuclide

Rb-86
Rb-87
Rb-88
Rb-89
Strontium*
Sr-80

* Sr-81
3

Sr-82

Sr-83

Sr-85

Sr-85m

Physical
half-life

18.7 d
4.70 x 10'° a

0.297 h
0.253 h

1.67 h

0.425 h

•25. Od

1.35 d

64. 8 d

1.16 h

Type

F
F
F
F

F
M
S
F
M
S
F
M
S
F
M
S
F
M
S
F
M
S

Age

f'

1.000
1.000
1.000
1.000

0.600
0.200
0.020
0.600
0.200
0.020
0.600
0.200
0.020
0.600
0.200
0.020
0.600
0.200
0.020
0.600
0.200
0.020

g si a

e(g)

1.2 x ID'8

6.0 x 10'9

1.9 x 10-'°
1.4 x 10-'°

7.8 x ID'10

1.4 x lO'9
1.5 x ID'9

2.1 x 10-'°
3.3 x ID'10

3.4 x ID'10

2.8 x ID'8
5.5 x ID'8
6.1 x 10-8

1.4 x lO'9

2.5 x 10-9

2.8 x JO'9

4.4 x 1Q-9

4.3 x lO'9
4.4 x ID'9

2.4 x 10-"
3.1 x 10-"
3.2 x 10-"

f, for
g > 1 a

1.000
1.000
1.000
1.000

0.300
0.100
0.010
0.300
0.100
0.010
0.300
0.100
0.010
0.300
0.100
0.010
0.300
0.100
0.010
0.300
0.100
0.010

Age 1-2 a
e(g)

7.7 x ID'9

4.1 x ID'9

1.2 x 10-'°
9.3 x 10-"

5.4 x 10"10

9.0 x 10-'°
9.4 x ID'10

1.5 x 10-'°
2.2 x ID'10

2.3 x 10-'°
1.5 x 1Q-8

4.0 x IO"8

4.6 x 10-*
1.1 X 1Q-9

1.9 x 10'9

2.0 x 10-9

2.3 x JO"9

3.1 X ID'9

3.7 X lO'9

1.9 x 10'"
2.5 x 10'"
2.6 x 10'"

Age 2-7 a
e(g)

3.4 x ID'9

1.8 x JO'9

5.2 x 10-"
4.3 x 10-"

2.4 x 10-'°
4.1 x 10-'°
4.3 x 10-'°
6.7 x 10-"
1.0 x 10-'°
1.1 x ID'10

6.6 x ID'9
2.1 x 10-"
2.5 x lO'"
5.5 x ID'1 0

9.5 x 10-'°
1.0 x 10-"
1.1 x ID'9

1.8 x ID'9
2.2 x 10-9

9.6 x 1Q-'2
1.3 x 10-"
1.3 x 10-"

Age 7 12 a
e(g)

2.0 x 10-9

1.1 x 10-9

3.2 x 10-"
2.7 x 10-"

1.4 x lO'10

2.5 x 10-'°
2.7 x ID'10

4.1 x 1Q-"
6.6 x 1Q-"
6.9 x 1Q-"
4.6 x ID'9
1.4 x lO'8
1.7 x 1()-8

3.4 x lO'10

6.0 x 10-'°
6.5 x 10-'°
9.6 x 10-'°
1.2 x ID'9
1.3 x 1Q-9

6.0 x ID'12

8.0 x 10-'2
8.3 x 10-'2

Age 12-17 a
e(g)

1.1 x 10-9

6.0 x 10-'°
1.9 x 1Q-"
1.6 x ID'11

7.9 x 10-"
1.5 x 10-'°
1.6 x ID'10

2.4 x 10-"
4.2 x 1Q-"
4.4 x 10-"
3.2 x 10'9
1.0 x ID"8

1.2 x 10-8

2.0 x 10-'°
3.9 x ID'10

4.2 x 10-'°
8.3 x 10'10

8.8 x 10'10

1.0 x 10-9

3.7 x lO'12

5.1 x ID'12

5.4 x ID'12

Age > 17 a
e(g)

9.3 x ID'10

5.0 x 10-'°
1.6 x 10-"
1.4 x 10'11

7.1 x 10-"
1.3 x lO"10

1.4 x 10-'°
2.1 x 10-"
3.5 x 10-"
3.7 x 10-"
2.1 x ID'9
8.9 x JO'9
1.1 x 10-"
1.6 x 10-'°
3.1 x lO'10

3.4 x lO'10

3.8 x ID'10

6.4 x 10-'°
8.1 x lO'10

2.9 x JO'12

4.1 x 10'12

4.3 x 10'12

UU \Q (1)



3
i
3
T
•>
1

*
J

§

Sr-87m

Sr-89

Sr-90

Sr-91

Sr-92

Yttrium
Y-86

Y-86m

Y-87

Y-88

Y-90

Y-90m

Y-91

2.80h

50.5 d

29.1 a

9.50 h

2.71 h

14.7 h

0.800 h

3.35 d

107 d

2.67 d

3.19 h

58.5 d

F
M
S
F
M
S
F
M
S
F
M
S
F
M
S

M
S
M
S
M
S
M
S
M
S
M
S
M
S

0.600
0.200
0.020
0.600
0.200
0.020
0.600
0.200
0.020
0.600
0.200
0.020
0.600
0.200
0.020

0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001

9.7 x 10-"
1.6 x 10-'°
1.7 x 10-10

1.5 x ID'8
3.3 x JO'8
3.9 x 10-8

1.3 x lO'7
1.5 x 10-7

4.2 x 10-7

1.4 x ID'9
3.1 x 10-9

3.5 x lO'9

9.0 x 10-'°
1.9 x 10-9

2.2 x 10'9

3.7 x ID'9
3.8 x lO'9

2.2 x 10-'°
2.3 x ID'10

2.7 x ID'9
2.8 x JO'9

1.9 x 10-8

2.0 x lO'8

1.3 x 10'8
1.3 x 10-8

7.2 x 10-'°
7.5 x 10'10

3.9 x IO-8

4.3 x 10-8

0.300
0.100
0.010
0.300
0.100
0.010
0.300
0.100
0.010
0.300
0.100
0.010
0.300
0.100
0.010

1.0 x 10-4

1.0 x ID'4

.0 x lO'4

.0 x 10-4

.0 x lO'4

.0 x 1Q-4

.0 x IQ-4

.0 x 1Q-4

.0 x 10'4

.0 x ID'4

.0 x ID"4

.0 x ID'4

.0 x ID'4

.0 x 1Q-4

7.8 x 10-"
1.2 x ID'10

1.2 x 10-'°
7.3 x 10-9

2.4 x lO'8
3.0 x 10'8

5.2 x 10-8

1.1 x 10-7

4.0 x ID'7

1.1 x 10-9

2.2 x ID'9
2.5 x 10-9

7.1 x 10'10

1.4 x lO'9
1.5 x lO'9

2.9 x 10-9

3.0 x ID'9

1.7 x lO'10

1.8 x 10'10

2.1 x ID'9
2.2 x 10-9

1.6 x 10-8

1.7 x JO'8

8.4 x 10-9

8.8 x ID'9

5.7 x ID'10

6.0 x 10-'°
3.0 x 10'8
3.4 x 10-8

3.8 x 10-"
5.9 x 10-"
6.2 x 10'"
3.2 x 10-9

1.3 x ID'8
1.7 x 10-8

3.1 x 10-8

6.5 x 10-8

2.7 x 10-7

5.2 x 10-'°
1.1 x ID'9
1.2 x ID'9

3.3 x ID'10

6.5 x ID'10

7.0 x ID'10

1.5 x 10'9
1.5 x JO'9

8.7 x 10-"
9.0 x 10-"
1.1 x JO'9
1.1 x 1Q-9

1.0 x 1Q-8

9.8 x ID'9

4.0 x 1Q-9

4.2 x ID'9

2.8 x 10-'°
2.9 x 10-'°
1.6 x 1Q-8

1.9 x 10'8

2.3 x 10-"
3.8 x 1Q-"
4.0 x 10-"
2.3 x 10-9

9.1 x ID'9
1.2 x 10-8

4.1 x JO'8
5.1 x lO'8
1.8 x 10'7

3.1 x ID'10

6.9 x 10-'°
7.7 x 10-'°
2.0 x 10-10

4.1 x 10'10

4.5 x 10-'°

9.3 x 10-'°
9.6 x 10-'°
5.6 x 1Q-"
5.7 x 10-"
7.0 x 10'10

7.3 x ID'10

6.7 x ID'9
6.6 x ID'9

2.6 x 1C'9
2.7 x ID"9

1.8 x 10-'°
1.9 x ID'10

1.1 x ID'8

1.3 x ID'8

1.3 x 1Q-"
2.5 x 10'"
2.6 x 1Q-"
1.7 x ID'9

7.3 x ID'9
9.3 x ID'9

5.3 x JO'8
5.0 x ID'8
1.6 x ID'7

1.7 x 10-'°
4.4 x 10-'°
4.9 x ID'10

1.0 x UK10

2.5 x 10'10

2.7 x lO'10

5.6 x 10-'°
5.8 x 10-'°
3.4 x 1Q-"
3.5 x 10-"
4.7 x 10'10

5.0 x ID'10

4.9 x ID'9
5.4 x ID'9

1.7 x 10'9

1.8 x 1Q-9

1.1 x ID'10

1.2 x ID'10

8.4 x 1Q-9

1.0 x ID'8

1.1 x 1Q-"
2.0 x 1Q-"
2.1 x 10'"
1.0 x 10-9

6.1 x 10-9

7.9 x lO'9

2.4 x 1Q-8

3.6 x 10'8
1.6 x ID'7

1.6 x ID'10

3.7 x 10'10

4.1 x ID'10

9.8 x 10-"
2.1 x 10'10

2.3 x 10-'°

4.5 x 10'10

4.7 x 10-'°
2.7 x 10'"
2.8 x 10-"
3.7 x ID'10

3.9 x 10-'°
4.1 x ID'9
4.4 x ID'9

1.4 x 1Q-9

1.5 x ID'9

9.5 x 10-"
1.0 x JO'10

7.1 x 1Q-9

8.9 x JO'9



(yls) LuLu-^bJf

xi i - j PhysicalNuclide , , ,.,half-life

Y-91m 0.828 h

Y-92 3.54 h

Y-93 10.1 h

Y-94 0.3 18 h

Y-95 0.178h

Zirconium
Zr-86 16.5 h

Zr-88 83.4 d

Zr-89 3.27 d

Zr-93 1.53 x 106a

Type

M
S
M
S
M
S
M
S
M
S

F
M
S
F
M
S
F
M
S
F
M
S

Age g < 1 a

f.

0.001
0.001
0.001
0.001

0.001
0.001
0.001
0.001
0.001
0.001

0.020
0.020
0.020

0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020

e(g)

7.0 x 10-"
7.4 x 10-"
1.8 x IO-9

1.9 x lO'9

4.4 x IO-9

4.6 x IO-9

2.8 x 10-'°
2.9 x ID"1 0

1.5 x 10-'°
1.6 x 10-'°

2.4 x IO-9

3.4 x JO'9

3.5 x IO-9

6.9 x 10 9

8.5 x IO-9

1.3 x 10"8

2.6 x IO-9

3.7 x IO-9

3.9 x IO-9

3.5 x IO-9

3.3 x lO"9

7.0 x IO-9

f, for
g > 1 a

1.0 x IO-4

1.0 x 10'4

1.0 x IO-4

1.0 x IO-4

1.0 x JO'4
1.0 x IO-4

1.0 x ID'4
1.0 x IO-4

1.0 x 10'4
1.0 x IO-4

0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002

Age 1-2 a
e(g)

5.5 x 1Q-"
5.9 x 10-"
1.2 x 10'9
1.2 x 10'9

2.9 x 10-y

3.0 x ID'9

1.8 x 10-'°
1.9 x IQ-" '

9.8 x 10'"
1.0 x 10-'°

1.9 x lO"9

2.6 x 10 9

2.7 x 10 9

8.3 x 10 g

7.8 x JO'9
1.2 x ID"8

2.0 x IO'9

2.8 x 1Q-9

2.9 x IO-9

4.8 x ID'9

3.1 x 10"9

6.4 x IO-9

Age 2-7 a
e(g)

2.9 X 10-"
3.1 x 10-"

5.3 x JO' 1 0

5.5 x 10-"'
1.3 x 10-''
1.4 x 10 "9

8.1 X 10-"
8.4 x 10-"
4.4 X 10-"
4.5 x 10'"

9.5 x 10'10

1.3 x 10 9

1.4 x 10 "

5.6 x 10 "
5.1 x JO'9

7.7 X IO-9

9.9 x IQ- 1 0

1.5 x 10 9

1.5 x ID'9

5.3 x 10 9

2.8 x 10-'
4.5 x 1Q-9

Age 7-12 a
e(g)

1.8 x
2.0 x
3.3 x
3.5 x
8.1 x
8.5 x
5.0 x
5.2 x
2.8 x
2.9 x

5.9 x
8.4 x
8.7 x

4.7 x
3.6 x
5.2 x

6.1 x
9.6 x
1.0 x
9.7 x
4.1 x
3.3 x

10-"
10-"
io-'°
,Q- |0

io-'°
,0- io

10-"
10-"
10-"
10-"

10 10

,0 .0
10 10

10"
io-9

io-9

,0-io
,0-.o
io-9

io-9

io-9

io-9

Age 12-17 a
e(g)

1.2 x
1.4 x

2.0 x
2.1 x
4.7 x
5.0 x
3.1 x
3.3 x
1.8 x
1.8 x

3.4 x
5.2 x
5.4 x

3.6 x
3.0 x
4.3 x

3.6 x
6.5 x
6.8 x
1.8 x
7.5 x
3.3 x

10-"
10-"
io-'°
,0-io
,0-u)
,0-io

io-"
io-"
io-"
10-"

io-'°
,0-m
io- '°
10 9

io-9

io-9

,0-m
1 0- io
,0-io

io-8

10~9

io- 9

Age > 17 a
e(g)

1.0 x 1Q-"
1.1 x 1Q-"
1.7 x 10'10

1.8 x lO'10

4.0 x IO-10

4.2 x 10-'°
2.7 x 1Q-"
2.8 x 1Q-"
1.5 x 10-"
1.6 x 1Q-"

2.7 x 10-'°
4.2 x 10-'°
4.3 x 10-'°

3.5 x 1Q-9

2.6 x 10'9
3.6 x IO-9

2.9 x 1Q-'0
5.2 x 10-'°
5.5 x 10-'°
2 s v i n~8. J ^ I U

1.0 X JO"8

3.3 x IO-9



3

Zr-95

Zr-97

Niobium
Nb-88

Nb-89

Nb-89

Nb-90

Nb-93m

Nb-94

Nb-95

Nb-95m

64.0 d F
M
S

16.9 h F
M
S

0.238 h F
M
S

2.03 h F
M
S

l . l O h F
M
S

14.6 h F
M
S

13.6 a F
M
S

2.03 x IO4 a F
M
S

35.1 d F
M
S

3.61 d F
M
S

0.020
0.020
0.020
0.020
0.020
0.020

0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020

1.2 x 10-R

2.0 x ID'8
2.4 x lO'8

5.0 x lO"9

7.8 x 10"
8.2 x IO"

1.8 x lO"10

2 C vx 1 A-lO.!> X IU
2 fi \s i r\ ~ 10.0 X IU

7.0 x 10'10

1.1 x 10"
1.2 x IO-9

4.0 x 10"
6.2 x 10"'°
6.4 x 10-'°
3.5 x 10"
5.1 x 10"
5.3 x 10"
1.8 x 10"
3.1 x 10 9

7.4 x IO-9

3.1 x 10 8

4.3 x 1Q-8

1.2 x ID'7

4.1 x 10"
6.8 x 10"
7.7 x 10"
2.3 x 10"
4.3 x 10"
4.6 x 10"

0.002
0.002
0.002
0.002
0.002
0.002

0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010

1.1 X
1.6 x
1.9 x
3.4 x
5.3 x
5.6 x

1.3 x
1.8 x
1.8 x
4'. 8 x
7.6 x
7.9 x
2.9 x
4.3 x
4.4 x
2.7 x
3.9 x
4.0 x
1.4 x
2.4 x
6.5 x
2.7 x
3.7 x
1.2 x
3.1 x
5.2 x
5.9 x
1.6 x
3.1 x
3.4 x

10'8
IO'8

10'8

10"
10"
10"

,0-io
10-io
,0-io
,0-.o
,0-io
,0-m
,0-io
10'1"
,0-io

10"
10"
10"
10"
10 "
10"
10 *
10'8

io-7

10"
10"
10"
10"
10"
10 9

6.4 x 10"
9.7 x 10"
1.2 x ID"8

1.5 x 10"
2.8 x 10"
2.9 x 10"

6.3 x 10-"
8.5 x 10-"
8.7 x 10-"
2.2 x IQ- 1 0

3.6 x 10-'°
3.7 x 10-'°
1.4 x 10 I0

2.1 x 10 "'
2.1 x 10-'°
1.3 x 10"
1.9 x 10 9

2.0 x 10"
7.0 x 10 I0

1.3 x 10 ''
4.0 x 10 "
1.5 x 10 8

2.3 x IO ' 8

8.3 x lO'8

1.6 x 10"
3.1 x 10 9

3.6 x 10 9

7.0 x 10-'°
1.7 x 10"
1.9 x 10"

4.2 x IO- 9

6.8 x 10"
8.3 x 10"
9.1 x 10-'°
1.8 x 10"
1.9 x 10"

3.9 x 10-"
5.3 x 10-"
5.5 x 10-"
1.3 x 10-'°
2.2 x 10-'°
2.3 x 10-'°
8.3 x 1Q-"
1.3 x 10-'°
1.4 x 10-'°
8.2 x IO"10

1.3 x 10"
1.3 x 10"
4.4 x 10-'°
8.2 x 10 I0

2.5 x 10 9

1.0 x 10 s

1.6 x 10"8

5.8 x 10~8

1.2 x 10 9

2.2 x 10"
2.5 x 10"
4.2 x 10-'°
1.2 x 10"
1.3 x 10 9

2.8 x
5.9 x
7.3 x
4.8 x
1.1 x
1.2 x

2.4 x
3.3 x
3.5 x
7.4 x
1.4 x
1.5 x
4.8 x
8.2 x
8.6 x
4.7 x
7.8 x
8.1 x
2.7 x
5.9 x
1.9 x

6.7 x
1.3 x
5.2 x
7.5 x
1.9 x
2.2 x
2.4 x
1.0 x
I . I x

10"
10"
10"
,0-io
10"
io-9

10-"
10-"
10-"
10-"
,0-io
I0-io

10-"
io-"
10-"
io-'°
,0-io
,0-io
,0 io
1 0- ,o
10 9

10"
1Q-8

io-R

,0-.o
10"
10"
,0-io
10"
10"

2.5 x 10"
4.8 x lO'9
5.9 x IO-9

3.9 x 10'10

9.2 x ID'10

8.9 x lO'10

1.9 x IQ-"
2.7 x 10-"
2.8 x 10-"
6.1 x 10-"
1.1 x 10-'°
1.2 x 10'10

3.9 x IQ-"
6.8 x 10-"
7.1 x 10-"
3.8 x 10-'°
6.3 x 10-'°
6.6 x 10-'°
2.2 x ID'10

5.1 x 10-'°
1.8 x 10"
5.8 x 10"
1.1 x IO"8

4.9 x ID'8

5.7 x ID'10

1.5 x 10"
1.8 x 10"
2.0 x ID'10

7.9 x 10-'°
8.8 x 10'10



i"H * **
CM

KI i - j Physical _Nuclide . ;.,., Typehalf-life ir

Nb-96 23.3 h F
M
S

Nb-97 1 .20 h F
M
S

Nb-98 0.858 h F
M
S

~? Molybdenum
•a Mo-90 5.67 h Fii M

s
Mo-93 3.50 x IO3 a F

M
S

Mo-93m 6.85 h F
M
S

Mo-99 2.75 d F
M
S

Mo-101 0.244 h F
M
S

Age g < 1 a

f,

0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020

1.000
0.200
0.020
1.000
0.200
0.020
1.000
0.200
0.020
1.000
0.200
0.020
1.000
0.200
0.020

e(g)

3.1 x ID'9
4.7 x 10'9
4.9 x IO-9

2.2 x 10-'°
3.7 x 10-'°
3.8 x 10-'°
3.4 x ID'10

5.2 x 10-'°
5.3 x lO'10

1.2 x ID'9
2.6 x 1C"9

2.8 x JO'9

3.1 x ID'9
2.2 x 10'9
6.0 x IO-9

7.3 x lO'10

1.2 x 1Q-9

1.3 x 10'9

2.3 x ID'9
6.0 x ID'9
6.9 x IO-9

1.4 x 10-'°
2.2 x 10'10

2.3 x 10-'°

f, for
g > 1 a

0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010

0.800
0.100
0.010
0.800
0.100
0.010
0.800
0.100
0.010
0.800
0.100
0.010
0.800
0.100
0.010

Age 1-2 a
e(g)

2.4 x
3.6 x
3.7 x
1.5 x
2.5 x
2.6 x
2.4 x
3.6 x
3.7 x

1.1 x
2.0 x
2.1 x
2.6 x
1.8 x
5.8 x
6.4 x
9.7 x
1.0 x
1.7 x
4.4 x
4.8 x
9.7 x
1.5 x
1.6 x

io-9

io-9

io-9

10-io
1Q-IO

jO-io
10-io
IQ-IO
10-io

io-9

io-9

io-9

io-9

io-9

io-9

J Q - I O
J Q - I O
io-9

io-9

io-9

io-9

io-1 1

10-io
JQ-10

Age 2-7 a
e(g)

1.2 x 1Q-9

1.8 x IO-9

1.9 x 1C'9

6.8 x 10-"
1.2 x 10"'°
1 1 \/ i r\ - 10.2. X 1U

1.1 x ID'10

1.7 x ID'10

1.8 x lO'10

5.3 x 10-'°
9.9 x 10"'°
1.1 x ID'9

1.7 x ID'9
1.1 x ID'9
4.0 x ID'9

3.3 x 10-'°
5.0 x 10-'°
5.2 x ID'10

7.7 x 10'10

2.2 x lO'9
2.4 x IO-9

4.4 x 10-"
7.0 x 10'"
7.2 x 10-"

Age 7 12 a
e(g)

7.3 x ID'10

1.2 x IO-9

1.2 x ID'9

4.2 x 10-"
7.7 x 10-"
8.1 x 1Q-"
6.9 x 1Q-"
1.1 x IO-10

l.l x ID'10

3.2 x ID'10

6.5 x 10-'°
6.9 x 10-'°
1.3 x 10'9
7.9 x IO'10

2.8 x 10-9

2.0 x 10-'°
3.2 x 10-'°
3.4 x ID'10

4.7 x 10'10

1.5 x ID'9
1.7 x 10'9

2.8 X 10-"
4.5 x 10-"
4.7 x 10-"

Age 12-17 a
e(g)

4.2
7.8
8.3
2.5
5.2
5.5
4.1
6.8
7.1

1.9
4.2
4.5
1.1
6.6
2.4
1.2
2.0
2.1
2.6
1.1
1.2
1.7
3.0
3.1

x
x
x
x
x
X

X
X
X

X
X
X

X
X

X

X
X
X

X
X
X

X
X
X

,0-10
io-10

10-io

10-"
10-"
10-"
10-"
10-"
10-"

jO-.o
10-io
,0-10

io-9

io-'°
io-9

lO-io
,0-10
io-'°
,0-io
io-9

io-9

10-"
10-"
10-"

Age > 17 a
e(g)

3.4 x 10-'°
6.3 x 10-'°
6.6 x IO-10

2.1 x 10-"
4.3 x 10-"
4.5 x 10-"
3.3 x 10-"
5.6 x 10-"
5.8 x ID'11

1.5 x 10-'°
3.4 x 10'10

3.6 x 10-'°
1.0 x 1Q-9

5.9 x 10-'°
2.3 x IO-9

9.6 x 10-"
1.6 x ID'10

1.7 x 10-'°
2.2 X 10-'°
8.9 x 10-'°
9.9 x 10'10

1.4 x 10-"
2.5 x 10'"
2.6 x 10-"



Technetium
Tc-93 2.75 h F

M
S

Tc-93m 0.725 h F
M
S

Tc-94 4.88 h F
M
S

Tc-94m 0.867 h F
- M
3 sV Tc-95 20.0 h F

4 M
; s
*» Tc-95m 61.0d F

7 M
\ s
j Tc-96 4.28 d F

M
S

Tc-96m 0.858 h F
M
S

Tc-97 2.60 x IO6 a F
M
S

Tc-97m 87.0 d F
CO M
1-« C

<N *

1.000
0.200
0.020
1.000
0.200
0.020
1.000
0.200
0.020
1.000
0.200
0.020
1.000
0.200
0.020
1.000
0.200
0.020
1.000
0.200
0.020
1.000
0.200
0.020
1.000
0.200
0.020
1.000
0.200
0.020

2.4 X 10'10

2.7 x JO'10

2.8 x 10-'°
1.2 x 10-'°
1.4 x 10-'°
1.4 x lO'10

8.9 x ID'10

9.8 x ID'10

9.9 x 10-'°
4.8 x ID'10

4.4 x ID'10

4.3 x ID'10

7.5 x lO'10

8.3 x 10-'°
8.5 x ID'10

2.4 x IO-9

4.9 x ID'9
6.0 x IO-9

4.2 x ID'9
4.7 x IO-9

4.8 x ID'9

5.3 x 10-"
5.6 x 10-"
5.7 x 10'"
5.2 x 10-'°
1.2 x ID'9
5.0 x IO-9

3.4 x 10'9
1.3 x ID"8

1.6 x ID'8

0.800
0.100
0.010
0.800
0.100
0.010
0.800
0.100
0.010
0.800
0.100
0.010
0.800
0.100
0.010
0.800
0.100
0.010
0.800
0.100
0.010
0.800
0.100
0.010
0.800
0.100
0.010
0.800
0.100
0.010

2.1 x 10-'°
2.3 x 10'10

2.3 x lO'10

9.8 x 10-"
1.1 x ID"10

1.1 x 10-'°
7.5 x 10-'°
8.1 x 10-'°
8.2 x ID'10

3.4 x ID'10

3.0 x IO-10

3.0 x ID'10

6.3 x ID'10

6.9 x ID"10

7.0 x ID'10

1.8 x IO-9

4.0 x ID'9
5.0 x ID'9

3.4 x 10'9
3.9 x IO'9
3.9 x IO-9

4.1 x 10-"
4.4 x 1Q-"
4.4 x 10-"
3.7 x 10-'°
1.0 x 10"9

4.8 x ID'9

2.3 x ID'9
1.0 x 10'8

1.3 x 1C'8

1.1 x
1.2 x
1.2 x
4.9 x
5.4 x
5.4 x
3.9 x
4.2 x
4.3 x
1.6 x
1.4 x
1.4 x
3.3 x
3.6 x
3.6 x
9.3 x
2.3 x
2.7 x
1.8 x
2.1 x
2.1 x
2.1 x
2.3 x
2.3 x
1.7 x
5.7 x
3.3 x
9.8 x
6.1 x
7.8 x

l o-io
10-io
10-io

10-"
10-"
10-"
10-io
jO-.o
jO-.o
lO-io
lO-io
j0-io
,0-io
,0-10
,0-10
,0-10
io-9

io-9

io-9

io-9

I O 9

io-"
io-"
10 "
,0-10
,0 10
io-9

,0-10
io-9

io-9

6.7 x 10-"
7.5 x 10'"
7.6 x 10-"
2.9 x 10-"
3.4 x 10-"
3.4 x 10-"
2.3 x 10-'°
2.6 x 10-'°
2.7 x 10-'°
8.6 x 10-"
8.8 x 10-"
8.8 x 10-"
2.0 x 10-'°
2.2 x ID'10

2.3 x ID'10

5.7 x 10-'°
1.5 x IO-9

1.8 x ID'9

.1 x IO-9

.3 x IO-9

.4 x 10 "

.3 x 10-"

.4 x 10-"

.5 x 10-"
9.4 x 10-"
3.6 x 10'10

2.2 x ID'9

5.6 x lO'10

4.4 x ID'9
5.7 x 10'9

4.0
4.4
4.5
1.8
2.1
2.1
1.4
1.6
1.6
5.2
5.5
5.6
1.2
1.3
1.4
3.6
1.1
1.5
7.0
8.6
8.9
7.7
9.3
9.5
5.6
2.8
1.9
3.0
4.1
5.2

x
x
X

X
X
X

X
X
X

X
X
X

X
X
X

X
X
X

X
X
X

X
X
X

X
X
X

X
X
X

10-"
10-"
10-"
10-"
10-"
10-"
jO-.o
10-io
,0-10

10-"
10-"
10-"
io-'°
10-io
io-'°
10-io
io-9

io-9

lO-io
,0-io
,0-10

io-12

io-12

io-12

10-"
,0-10
io-9

10-io
io-9

io-9

3.2 x 10'"
3.5 x 10-"
3.5 x 10-"
1.4 x 10-"
1.7 x 10-"
1.7 x 10-"
1.1 x 10-'°
1.2 x ID'10

1.3 x ID"10

4.1 x ID""
4.5 x 10-"
4.6 x 10-"
9.6 x 10-"
1.0 x 10-'°
1.1 x 10-'°
2.9 x 10-'°
8.8 x 10-'°
1.2 x 10'9

5.7 x 10'10

6.8 x IO-10

7.0 x 10-'°
6.2 x 10-'2
7.4 x 10'12

7.5 x 10-'2

4.3 x 10'"
2.2 x 10-'°
1.8 x ID"9

2.7 x 10'10

3.2 x 10'9
4.1 x lO"9



Tfr
i-H
CM

^

Nuclide , ., ,.r Typehalf-life v

Tc-98 4.20 x IO6 a F
M
S

Tc-99 2.13 x IO5 a F
M
S

Tc-99m 6.02 h F
M
S

Tc-101 0.237 h F
M
S

Tc-104 0.303 h F
M
S

Ruthenium
Ru-94 0.863 h F

M
S

Ru-97 2.90 d F
M
S

Ru-103 39.3 d F
M
S

Age g < 1 a

f.

1.000
0.200
0.020
1.000
0.200
0.020
1.000
0.200
0.020
1.000
0.200
0.020
1.000
0.200
0.020

0.100
0.100
0.020
0.100
0.100
0.020
0.100
0.100
0.020

e(g)

1.0 x IO-8

3.5 x IO-8

1.1 x IO-7

4.0 x IO-9

1.7 x IO-8

4.1 x 1Q-8

1.2 x 10-'°
1.3 x 10-'°
1.3 x 10-'°
8.5 x 1Q-"
1.1 x 10-'°
1.1 x IO-10

2.7 x 10-'°
2.9 x 10-'°
2.9 x 10-'°

2.5 x 10-'°
3.8 x 10-'°
4.0 x 10-'°
5.5 x 10-'°
7.7 x 10-'°
8.1 x 10-'°
4.2 x IO-9

l.l x 10 8

1.3 x ID'8

f, for
g > 1 a

0.800
0.100
0.010
0.800
0.100
0.010
0.800
0.100
0.010
0.800
0.100
0.010
0.800
0.100
0.010

0.050
0.050
0.010
0.050
0.050
0.010
0.050
0.050
0.010

Age 1-2 a
e(g)

6.8
2.9
1.1
2.5
1.3
3.7
8.7
9.9
1.0
5.6
7.1
7.3
1.8
1.9
1.9

1.9
2.8
2.9
4.4
6.1
6.3
3.0
8.4
1.0

X
x
X

x
x
x
x
X
X

X
X
X

X
X
X

X

X
X

X

X

X

X
X
X

io-9

10"8

io-7

io-9

10"8

io-8

10-"
10-"
io-'°
10-"
io-11

10-"
io-'°
io-'°
10- I0

1 0 - io
10 -|0

10 lf)

10 • « '
1C) in

10 - | 0

10 -9

10 -9

10'8

Age 2-7 a
e(g)

3.2 x IO-9

1.7 x ID'8

7.6 x IO-8

1.0 x ID'9

8.0 x IO-9

2.4 x 10"8

4.1 x 10-"
5.1 x 10-"
5.2 x 10-"
2.5 x 10-"
3.2 x 10-"
3.3 x 10-"
8.0 x 10-"
8.6 x 10-"
8.7 x 10 "

9.0 x 10-"
1.3 x 10 -'°
1.4 x K) l()

2.2 x 10 '"
3.1 x l O ' 1 0

3.3 x 10 1(1

1.5 x 10 9

5.0 x 1C) 9

6.0 x 10 9

(a

Age 7-12 a
e(g)

1.9 x IO-9

1.2 x IO-8

5.4 x lO"8

5.9 x 10-'°
5.7 x ID'9
1.7 x IO"8

2.4 x 10-"
3.4 x 10-"
3.5 x 10-"
1.6 x 10-"
2.1 x 10-"
2.2 x 10-"
4.6 x 10-"
5.4 x 10-"
5.4 X 10 "

5.4 x 1C) "
8.4 x 10'"
8.7 x 10-"
1.3 x 10" m

2.0 x l O ' 1 0

2.1 X 1C)-10

9.3 x 10-'°
3.5 x IO- 9

4.2 x IO- 9

tt) LuL-V1

Age 12 17 a

1.2 x 10"9

1.0 x 10"8

4.8 X 1Q-8

3.6 x 10'10

5.0 x 1Q-9

1.5 x 10'8

1.5 x 10-"
2.4 x 10-"
2.5 x 10-"
9.7 x 1Q-'2
1.4 x 10'"
1.4 x 10-"
2.8 x 10-"
3.3 x 10-"
3.4 x 10'"

3.1 x 10'"
5.2 x 10-"
5.4 x 10 "
7.7 x 1Q-"
1.3 x 10'10

1.4 x IO" 1 0

5.6 x 10-'°
3.0 x 10'9
3.7 x 10'9

HH JjJu>Jf

Age > 17 a
e(g)

9.7 x 10-'°
8.3 x ID'9
4.5 x ID'8

2.9 x 10-'°
4.0 x ID'9
1.3 x IO-8

1.2 x 10-"
1.9 x 10-"
2.0 x ID'11

8.2 x 10-'2
1.2 x 10-"
1.2 x 10-"
2.3 x 10-"
2.8 x 10-"
2.9 x ID""

2.5 x 10-"
4.2 x 10-"
4.4 x 10-"
6.2 x IO-"
1.0 x 10-'°
1.1 x 10-'°
4.8 x 10-'°
2.4 x ID'9

3.0 x 1Q-9



Ru-105

Ru-106

Rhodium
Rh-99

Rh-99m

Rh-100

Rh-101

Rh-lOlm

Rh-102

Rh-102m

Rh-103m

4.44 h F
M
S

1.01 a F
M
S

16.0 d F
M
S

4.70 h F
M
S

20.8 h F
M
S

3.20 a F
M
S

4.34 d F
M
S

2.90a F
M
S

207 d F
M
S

0.935 h F
M
S

0.100
0.100
0.020
0.100
0.100
0.020

0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100

7.1 x 10-'°
1.3 x lO'9
1.4 x IQ-9

7.2 x ID"8

1.4 x 1Q-7

2.6 x 10'7

2.6 x ID"9

4.5 x lO'9
4.9 x 10'9

2.4 x 10-'°
3.1 x 10-'°
3.2 x 10-'°
2.1 x 10'9
2.7 x ID'9
2.8 x ID'9

7.4 x 1Q-9

9.8 x ID"9

1.9 x 10-8

8.4 x 10-'°
1.3 x ID'9
1.3 x lO'9

3.3 x 10-8

3.0 x lO-8

5.4 x 10~8

1.2 x I0~8

2.0 x lO'8
3.0 X 10"8

8.6 x tO-1 2

1.9 x 10-"
2.0 x 10-"

0.050
0.050
0.010
0.050
0.050
0.010

0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050

5.1 x 10-'°
9.2 x ID'10

9.8 x ID'10

5.4 X JO'8

1.1 x 1Q-7

2.3 x ID"7

2.0 x 10-9

3.5 x 10'9
3.8 x 10'9

2.0 x 10"'°
2.5 x 10 - |0

2.6 x 10-'°
1.8 x 10'9
2.2 x 1Q-9

2.2 x 10-9

6.1 x IO-9

8.0 x 10-9

1.7 x 10'8

6.6 x 10-'°
9.8 x 10-'°
1.0 x 10-9

2.8 x 10'8
2.5 x 10-8

5.0 x 10'8

8.7 x 10'9

1.6 x IO'8
2.5 x lO'8

5.9 x 1Q-'2
1.2 x 10-"
1.3 x 10-"

2.3 x 10 l()

4.5 x 10- | ( )

4.8 x lO"1 0

2.6 x 10'8

6.4 x 10'8

1.4 x 1Q-7

9.9 x 10-'°
2.0 X 10-g

2.2 x 10 "
1.0 x 10 • '"
1.3 x 10 I0

1.3 x 10-'°
9.1 x 10-'°
1.1 x ID'9
1.2 x ID'9

3.5 x 10-9

4.9 x 1C'9

1.1 X ID'8

3.3 x 10-'°
5.2 x 10-'°
5.5 x IO-'°
1.7 x 10 "
1.5 x 10 x

3.5 x 10-*
4.4 x 10 "''
9.0 x 10-y

1.5 x 10 •*
2.7 x 10- ' 2

6.3 x 10-12

6.7 x ID ' 1 2

1.4 x ID'10

3.0 X 10'10

3.2 x 10 I0

1.6 X lO"8

4.1 x 10'8

9.1 x 10-8

6.2 x 10-'°
1.3 x JO'9
1.3 x 10-9

6.1 x 10'"
8.0 x 10~"
8.2 x 10-"
5.6 x 10-'°
7.1 x lO'10

7.3 x 10-'°
2.3 x 10-9

3.4 x ID'9
7.4 x 10-9

2.0 x 10-'°
3.5 x 10-'°
3.7 x ID'10

1.1 x 10 8

1.0 x ID'8
2.4 x 10-8

2.7 x lO"9

6.0 x 10-9

1.0 x lO'8

1.6 x 10-'2
4.0 x ID'1 2

4.3 x 10-'2

7.9 x 10-"
2.0 X 10-'°
2.2 x 10-'°
9.2 x ID'9

3.1 x 10-8

7.1 x 10-8

3.8 x ID'10

9.6 x 10-'°
1.1 x 10-9

3.5 x 10-"
4.9 x 10-"
5.1 x 10-"
3.3 x 10-'°
4.3 x 10'10

4.4 x 10-'°
1.5 x lO'9
2.8 x 10-9

6.2 x lO-9

1.2 x ID'10

2.5 x 10-'°
2.7 x 10-'°
7.9 x 1Q-9

7.9 x 10-9

2.0 x 10*8

1.7 x lO-9

4.7 x 10'9
8.2 x ID'9

1.0 x 10'12

3.0 x ID'12

3.2 x 10-'2

6.5 x 10-"
1.7 x 10-'°
1.8 x 10-'°
7.9 x 10~9

2.8 x 10-8

6.6 x JO'8

3.2 x ID'10

7.7 x 10-'°
8.7 * 10-'°
2.8 x 10'"
3.9 x 10'"
4.0 x 1Q-"
2.6 x ID'10

3.4 x lO'10

3.5 x 10-10

1.4 x JO'9
2.3 x 10'9
5.4 x 10'9

9.7 x 10-"
1.9 x ID'10

2.1 x 10'10

7.3 x 10-9

6.9 x 1Q-9

1.7 x 10'8

1.5 x 10-9

4.0 x ID'9
7.1 x ID"9

8.6 x 10-'3
2.5 x ID'12

2.7 x 1Q-'2
CM



tiJI JjJLaJI

KT i j Physical „Nuclide . ....... Typehalf-life r

Rh-105 1.47d F
M
S

Rh-106m 2.20 h F
M
S

Rh-107 0.362 h F
M

_ S
^ Palladium

3 Pd-100 3.63 d F
0 M

S
Pd-101 8.27 h F

M
S

Pd-103 17.0 d F
M
S

Pd-107 6.50 x IO6 a F
M
S

Pd-109 13.4 h' F
M
S

Age g < 1 a

f,

0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100

0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050

e(g)

1.0 x IO-9

2.2 x IO-9

2.4 x IO-9

5.7 x 10-'°
8.2 x 10-'°
8.5 x 10-'°
8.9 x 10-"
1.4 x 10-'°
1.5 x 10-'°

3.9 x ID'9
5.2 x ID'9
5.3 x 10 9

3.6 x 10-'°
4.8 x lO'10

5.0 x ID'10

9.7 x lO'10

2.3 x ID'9
2.5 x IO-9

2.6 x 10-'°
6.5 x 10-'°
2.2 x ID'9

1.5 x ID'9
2.6 x ID'9
2.7 x JO'9

f, for
g > 1 a

0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050

0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005

Age 1-2 a
e(g)

6.9
1.6
1.7
4.5
6.3
6.5
5.9
9.3
9.7

3.0
4.0
4.1
2.9
3.8
3.9
6.5
1.6
1.8
1.8
5.0
2.0
9.9
1.8
1.9

x
x
X

X

X

X

X
X
X

X
X
X

X

X

X

X
X
X

X
X
X

X
X
X

,0-10
io-9

io-9

,0 -w
10 "'
,0-io

10-"
10-"
10-"

io-9

io-9

io-9

,0-m
,0- io
,0- io
,0-io
io-9

io-9

,0-m
,0-10
io-9

,0-to
io-9

io-9

Age 2-7 a
e(g)

3.0 x
7.4 x
8.0 x
2.2 x
3.2 x
3.3 x
2.6 x
4.2 x
4.4 x

1.5 x
2.2 x
2.2 x
1.4 x
1.9 x
2.0 x
3.0 x
9.0 x
1.0 x
8.2 x
2.6 x
1.3 x
4.2 x
8.8 x
9.3 x

,0-io
m-io
, 0- io

10 '"
10 '"
10-io

10'"
10-"
10'"

io-9

io-9

io-9

10-io
10'10

,0 . io
,0-m
,0-m
io-9

10'"
10-io
io-9

,0-10
, 0 - io
,0-io

Age 7-12 a
e(g)

1.8 x 10-'°
5.2 x IO-1 0

5.6 x 10-'°
1.4 x 10 '"
2.0 x 10 l()

2.1 x 10-'°
1.7 x 10-"
2.8 x 1Q-"
2.9 x 10-"

9.7 x ID"10

1.4 x 10"9

1.5 x ID'9

8.6 x 10'"
1.2 x lO'10

1.2 x 10-'"
1.9 x 10-'°
5.9 x 10-'°
6.8 x 10'10

5.2 x 10-"
1.5 x 10-'°
7.8 x 10-'°
2.6 x ID'10

5.9 x 10-'°
6.3 x 10-'°

Age 12-17 a
e(g)

9.6 x 10-"
4.1 x 10-'°
4.5 x 10-'°
8.0 x IQ-"
1.3 x JO'10

1.4 x 10-'°
1.0 X 10""
1.9 x 10-"
1.9 x 10-"

5.8 x 10-'°
9.9 x 10'10

1.0 x lO'9

4.9 x 10-"
7.5 x 10-"
7.8 x 10-"
1.1 x lO'10

4.5 x JO'10

5.3 x 10'10

3.1 x 10'"
1.0 x JO'10

6.2 x 10-'°
1.4 x 10-'°
4.3 x 10'10

4.6 x 10'10

Age > 17 a
e(g)

8.2 x 10-"
3.2 x 10-'°
3.5 x 10-'°
6.5 x 10-"
1.1 x 10-'°
1.1 x 10-'°
9.0 x ID"12

1.6 x 10-"
1.7 x 10-"

4.7 x 10-'°
8.0 x 10-'°
8.5 x 10-'°
3.9 x 10-"
5.9 x 10-"
6.2 x 10-"
8.9 x 10-"
3.8 x lO'10

4.5 x ID'10

2.5 x 10-"
8.5 x 10-"
5.9 x 10-'°
1.2 x 10-'°
3.4 x 10-'°
3.7 x 10'10



3

(S

Silver
Ag-102

Ag-103

Ag-104

Ag-104m

Ag-105

Ag-106

Ag-106m

Ag-108m

Ag-llOm

Ag-111

0.215 h F
M
S

1.09 h F
M
S

1.15h F
M
S

0.558 h F
M
S

41.0 d F
M
S

0.399 h F
M
S

8.41 d F
M
S

1.27 x IO2 a F
M
S

250 d F
M
S

7.45 d F
M
S

0.100
0.100
0.020
0.100
0.100
0.020
0.100
0.100
0.020
0.100
0.100
0.020
0.100
0.100
0.020
0.100
0.100
0.020
0.100
0.100
0.020
0.100
0.100
0.020
0.100
0.100
0.020
0.100
0.100
0.020

1.2 x 10-'°
1.6 x 10-'°
1.6 x 10-'°
1.4 x 10-'°
2.2 x ID'10

2.3 x 10-'°
2.3 x ID'10

2.9 x 10-'°
2.9 x 10-'°
1.6 x 10-'°
2.3 x 10-'°
2.4 x 10-'°
3.9 x IO-9

4.5 x IO-9

4.5 x IO-9

9.4 x 10-"
1.4 x 10'10

1.5 x 10'10

7.7 x 10'9
7.2 x 10'9
7.0 x 10'9

3.5 x 10'8

3.3 x 10'8
8.9 x 10'8

3.5 x JO'8

3.5 x IO-8

4.6 x ID'8

4.8 x ID'9
9.2 x lO'9
9.9 x IO-9

0.050
0.050
0.010
0.050
0.050
0.010
0.050
0.050
0.010
0.050
0.050
0.010
0.050
0.050
0.010
0.050
0.050
0.010
0.050
0.050
0.010
0.050
0.050
0.010
0.050
0.050
0.010
0.050
0.050
0.010

8.6 x 10'"
1.1 x 10-'°
1.2 x 10-'°
1.0 x 10-'°
1.6 x 10'10

1.6 x ID'10

1.9 x 10-'°
2.3 x 10"10

2.4 x 10-'°
1.1 x 10 I0

1.6 x 10-'°
1.7 x 10-'°
3.4 x 1Q-9

3.5 x 1Q-9

3.6 x lO'9

6.4 x 10""
9.5 x 10'"
9.9 x 10-"
6.1 x ID'9
5.8 x 10'9
5.7 x 10'9

2.8 x 10'8
2.7 x IO'8
8.7 x IO"8

2.8 x 10'8

2.8 x 10"8

4.1 x 10'8

3.2 x 10"9

6.6 x ID'9
7.1 x ID"9

4.2 x 10-"
5.5 x 1Q-"
5.6 x ID'"
4.9 x 10-"
7.6 x 10-"
7.9 x 10'"
9.8 x 10-"
1.2 x 10-'°
1.2 x 10-'°
5.5 x 10 "
7.7 x 10-"
8.0 x 10-"
1.7 x ID'9
2.0 x IO-9

2.1 x lO'9

2.9 x 10 "
4.4 x 1Q-"
4.5 x 10-"
3.2 x IO-9

3.2 x 10 9

3.2 x 10 9

1.6 x 10"8

1.7 x 10'8
6.2 x ID'8

1.5 x 10'8
1.7 x ID'8

2.6 x ID'8

1.4 x ID'9

3.5 x JO'9

3.8 x 10"9

2.6
3.4
3.5
3.0
4.8
5.1
5.9
7.4
7.6
3.4
4.8
5.0
1.0
1.3
1.3
1.8
2.8
2.9
2.1
2.1
2.1
1.0
1.1
4.4
9.7
1.2
1.8
8.8
2.4
2.7

x
x
X

X
X
X

X
X
X

X
X
X

X
X
X

X
X
X

X
X
X

X
X
X

X
X
X

X
X
X

10-"
10-"
10-"
10-"
10-"
10-"
10-"
10-"
10-"
10-"
10-"
10-"
io-9

io-9

io-9

10-"
10-"
10-"
io-9

10"9

io-9

io-8

io-»
io-8

io-9

io-8

10'8

io-10

io-9

io-9

1.5 x 10'"
2.1 x 10-"
2.2 x 1Q-"
1.8 x 1Q-"
3.2 x 10-"
3.3 x IO-"
3.5 x ID'"
4.5 x 10-"
4.6 x 1Q-"
2.0 x 10-"
3.0 x 10-"
3.1 x 10-"
6.4 x lO'10

9.0 x 10-'°
1.0 x 10'9

.1 x 10-"

.8 x 10-"

.9 x 10-"

.3 x 10"9

.4 x ID'9

.4 x 1Q-9

6.9 x IO-9

8.6 x 10'9
3.9 x 10-"
6.3 x 10"9

9.2 x 10'9
1.5 x JO'8

4.8 x 10'10

1.9 x 10"9

2.1 x 10~9

1.3 x 10-"
1.7 x 10'"
1.8 x 10-"
1.4 x 10-"
2.6 x 10-"
2.7 x 10-"
2.8 x 10-"
3.6 x 10-"
3.7 x 10'"
1.6 x 10-"
2.5 x 10-"
2.6 x 10-"
5.4 x 10-'°
7.3 x 10-'°
8.1 x ID'10

9.1 x 10-'2
.5 x 10-"
.6 x 10-"
.1 x IO-9

.1 x IO-9

.1 x IO-9

6.1 x ID'9
7.4 x ID'9
3.7 X 10"8

5.5 x IO-9

7.6 x JO'9
1.2 x 10"8

4.0 x 10'10

1.5 x 1C'9
1.7 x 10'9



oo L ^ - L J I JjJ^JI

XT i - j PhysicalNuchde fhalf-life

Ag-112 3 . 1 2 h

Ag-115 0.333 h

Cadmium
Cd-104 0.961 h

Cd-107 6.49 h

Cd-109 1.27 a

Cd-113 9.30 x 1015a

Cd-113m 13.6 a

Cd-115 2 .23d

Type

F
M
S
F
M
S

F
M
S
F
M
S
F
M
S
F
M
S
F
M
S
F
M
S

Age g < 1 a

fi e(g)

0.100
0.100
0.020
0.100
0.100
0.020

0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100

9.8 x
1.7 x
1.8 x
1.6 x
2.5 x
2.7 x

2.0 x
2.6 x
2.7 x
2.3 x
5.2 x
5.5 x
4.5 x
3.0 x
2.7 x
2.6 x
1.2 x
7.8 x
3.0 x
1.4 x
1.1 x
4.0 x
6.7 x
7.2 x

,0-10
10"9

io-9

lO- io
,0-io
jO- io

10-io
,0-10
I0-io
jO-.o
,0-10
10-io

10-*
10'8
io-8

io-7

io-7

io-8

io-7

10"7

1Q-7

io-9

10"9

io-9

f, for
g > 1 a

0.050
0.050
0.010
0.050
0.050
0.010

0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050

Age 1-2 a
e(g)

6.4 x
.1 x
.2 x
.0 x
.7 x
.7 x

1.7 x
2.1 x
2.2 x
1.7 x
3.7 x
3.9 x
3.7 x
2.3 x
2.1 x
2.4 x
1.0 x
5.8 x
2.7 x
1.2 x
8.4 x
2.6 x
4.8 x
5.1 x

,0-10
io-9

io-9

,0 10
10-io
,0 - i ( )

J Q - 1 0

10-,o
,0- io
,0-m
J Q - I O

] 0-io

10 ""
J Q - K

io-8

io-7

io-7
j0- 8

io-7

io-7

10-8

io-9

io-9

io-9

Age
e(

2.8 x
5.1 x
5.4 x
4.6 x
7.6 x
8.0 x

8.7 X
1.1 x
1.1 x
7.4 X
2.0 x
2.1 x
2.1 x
1.4 x
1.3 x
1.7 X
7.6 x
4.1 x
1.8 x
8.1 x
5.5 x
1.2 x
2.4 x
2.6 x

I 7 a
g)

,0-10
10 I0

,0 -10

10-"
10 "
10'"

10-"
,0-io
lO-io

10-"
1 0 -H>
10-io

10 *
io-8

io-8

io-7

io-8

io-8

io-7

10'8
io-8

io-9

io-9

io-9

Age 7-12 a
e(g)

1.7 x
3.2 x
3.4 x
2.9 x
4.9 x
5.2 x

5.2 x
6.9 x
7.0 x
4.6 x
1.3 x
1.4 x
1.4 x
9.5 x
8.9 x
1.4 x
6.1 x
3.0 x
1.3 x
6.0 x
3.9 x
7.5 x
1.7 x
1.8 x

,0- io
,0 io
,0-10

10-"
10 "
10 "

10-"
10-"
, 0 -n

10-"
JQ-10

,0-m

10 s

io-9

I O 9

io-7

io-8

io-8

io-7

io-8

io-8

j0-io
io-9

IO-9

Age 12-17 a
e(g)

9.1 x
2.0 x
2.1 x
1.7 x
3.2 x
3.4 x

3.1 x
4.2 x
4.4 x
2.5 x
8.8 x
9.7 x
9.3 x
7.8 x
7.6 x
1.2 X
5.7 x
2.7 x
1.1 x
5.3 x
3.3 x
4.3 x
1.2 x
1.3 x

10-"
,0-10
jO- .o

10-"
10-"
10-"

10-"
10-"
10-"
10-"
10-"
10-"
I O 9

io-9

io-9

io-7

io-8

io-8

io-7

io-8

io-8

,0-10
io-9

io-9

Age > 1 7 a
e(g)

7.6 x 10-"
1.6 x 10-'°
1.7 x 10-'°
1.5 x 10-"
2.7 x 10-"
2.9 x 10-"

2.4 x 10-"
3.4 x 10-"
3.5 x 10-"
2.1 x 10-"
8.3 x 10-"
7.7 x 10'"
8.1 x ID'9
6.6 x 1Q-9

6.2 x IO-9

1.2 x ID'7
5.5 x 1Q-8

2.6 x JO'8

1.1 x 1Q-7

5.2 x 10~8

3.1 x ID'8

3.5 x 10-'°
9.8 x ID"10

1.1 x ID'9



Cd-115m

Cd-117

Cd-117m

Indium
3 In- 109

V
In- 110

4
*> In- 110*i

"ft I n - I l l

4
'* In-112

In- 11 3m

In- 11 4m

In-115

In-115m
^»k.

44.6 d

2.49 h

3.36 h

4.20 h

4.90 h

1.15 h

2.83 d

0.240 h

1.66 h

49.5 d

5.10 x IO1 5 a

4.49 h

F
M
S
F
M
S
F
M
S

F
M
F
M
F
M
F
M
F
M
F
M
F
M
F
M
F
M

0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100

0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040

4.6 x
4.0 x
3.9 x
7.4 x
1.3 x
1.4 x
8.9 x
1.5 x
1.5 x

2.6 x
3.3 x
8.2 x
9.9 x
3.0 x
4.5 x
1.2 x
1.5 x
4.4 x
6.5 x
1.0 x
1.6 x
1.2 x
4.8 x
8.3 x
3.0 x
2.8 x
4.7 x

io-8

io-8

io-8

,0-io
io-9

io-9

,0-io
io-9

I O 9

,0-m
io-'°
I0-io
io-'°
io-'°
io-'°
io-9

io-9

10-"
10-"
,0-io
10-io

io-7

10'8

io-7

io-7

10-io
,0-io

0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050

0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020

3.2 x IO-8

2.5 x IO-8

3.0 x 10'8

5.2 x 10-'°
9.3 x 10-'°
9.8 x IO"10

6.7 x 10-'°
1.1 x IO-9

1.1 x IO-9

2.1 x 10-'°
2.6 x 10 I0

7.1 x 10-'°
8.3 x 10-'°
2.1 x 10-'°
3.1 x 10~10

8.6 x 10-'°
1.2 x ID'9

3.0 x 10-"
4.4 x 10 "
7.0 x 10-"
1.1 x ID'10

7.7 x ID'8

3.3 x IO-8

7.8 x IO-7

2.8 x 1Q-7

1.9 x ID'10

3.3 x 10-'°

1.5 x
1.4 x
1.7 x
2.4 x
4.5 x
4.8 x
3.3 x
5.5 x
5.7 x

1.0 x
1.3 x
3.7 x
4.4 x
9.9 x
1.5 x
4.2 x
6.2 x
1.3 x
2.0 x
3.2 x
5.5 x
3.4 x
1.6 x
5.5 x
2.1 x
8.4 x
1.6 x

io-8

to-8

io-8

,0- io
,0-io
,0-io
I0-io
,0-m
1 0- io

I 0 - io
,0-io

io-'°
,0-io

10-"
,0-io

1 0-io
,0-u)

io-"
10-"
10-"
10-"
,0-8
io-8

io-7

io-7

10-"
,0- io

1.0 x
9.4 x
1.1 x
1.5 x
2.9 x
3.1 x
2.0 x
3.6 x
3.8 x

6.3 x
8.4 x
2.3 x
2.7 x
6.0 x
9.2 x
2.6 x
4.1 x
8.7 x
1.3 x
2.0 x
3.6 x
1.9 x
1.0 x
5.0 x
1.9 x
5.1 x
1.0 x

io-8

io-9

io-8

,0- io
io-'°
,0-.o
,0-io
10-.o
m-io

10-"
10-"
,0-io
,0-io

10-"
10-"
, 0 - i o
I0-.o

io-1 2

10 "
10-"
10-"
io-8

io-8

io-7

io-7

10-"
| 0-io

6.4 x
7.3 x
8.9 x
8.1 x
2.0 x
2.1 x
1.1 x
2.4 x
2.6 x

3.6 x
5.3 x
1.3 x
1.6 x
3.5 x
5.8 x
1.5 x
2.9 x
5.4 x
8.7 x
1.2 x
2.4 x
1.1 x
7.8 x
4.2 x
1.7 x
2.8 x
7.2 x

io-9

io-9

io-9

10-"
io-'°
10-io
,0-10
io-'°
io-'°

10-"
10-"
,0-io
,0-io

10-"
10-"
io-'°
io-'°
io-12

io-12

10-"
10-"
io-8

io-9

io-7

io-7

io-M

io-1 1

5.3 x IO-9

6.2 x IO-9

7.7 x IO-9

6.7 x 10-"
1.6 x 10-'°
1.7 x 10-'°
9.4 x 10-"
2.0 x 10-'°
2.1 x 10-'°

2.9 x 10-"
4.2 x 10-"
1.1 x 10"10

1.3 x ID"10

2.8 x 10-"
4.7 x 10-"
1.3 x ID'10

2.3 x ID'10

4.7 x 10-'2
7.4 x IO-12

9.7 x IO-12

2.0 x 10-"
9.3 x IO-9

6.1 x 10'9

3.9 x ID'7
1.6 x ID'7

2.4 x IO-11

5.9 x 10-"

CN



3•]

Nuclide

In- 11 6m

In-117

In- 11 7m

In- 11 9m

Tin
Sn-110

Sn-111

Sn-113

Sn-117m

Sn-119m

Sn-121

Sn-121m

Physical
half-life

0.902 h

0.730 h

1.94 h

0.300 h

4.00 h

0.588 h

115 d

13. 6 d

293 d

1.13 d

55.0 a

Type

F
M
F
M
F
M
F
M

F
M
F
M
F
M

F
M
F
M
F
M
F
M

Age

f.

0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040

0.040
0.040
0.040
0.040
0.040
0.040

0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040

g =sl a

e(g)

2.5 x lO'10

3.6 x 10-'°
1.4 x 10-'°
2.3 x ID'10

3.4 x 10-'°
6.0 x 1Q-10

1.2 x 10-'°
1.8 x 10-'°

1.0 x 1C'9
1.5 X lO'9

7.7 X 1Q-"
1.1 x 10-'°
5.1 x 10'9
1.3 x ID'8

3.3 x 10'9
1.0 x ID"8

3.0 x JO'9

1.0 x 10'8

7.7 x 10-'°
1.5 x 1Q-9

6.9 x 10-9

1.9 x 10'8

f, for
g > 1 a

0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020

0.020
0.020
0.020
0.020
0.020
0.020

0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020

Age 1 -2 a
e(g)

1.9 x 10-'°
2.7 x 10-'°
9.7 x 10-"
1.6 x 10-'°
2.3 x 10-'°
4.0 x 10-'°
7.3 x 10-"
1.1 x 10-'°

7.6 x 10-'°
1.1 x lO'9

5.4 x 1Q-"
8.0 x 10'"
3.7 x ID'9
1.0 x ID'8

2.2 x lO'9
7.7 x ID'9

2.2 x 10-9

7.9 x lO'9

5.0 x 10'10

1.1 x 1Q-9

5.4 x ID'9
1.5 x 10-"

Age 2-7 a
e(g)

9.2 x 10-"
1.3 x 10-'°
4.5 x 10-"
7.5 x 10-"
1.0 x 10-'°
1.9 x 10-'°
3.1 x 10-"
4.9 x 1Q-"

3.6 x 10-'°
5.1 x 10 I0

2.6 x 1Q-"
3.8 x 10'"
1.8 x 10'9
5.8 x 10'9

1.0 x 10-9

4.6 x 10'9

1.0 x ID'9
4.7 x 10-9

2.2 x 10-'°
5.1 x 10-'°
2.8 x 10-9

9.2 x 10 9

Age 7-12 a
e(g)

5.7 x 10-"
8.5 x 10-"
2.8 x 10'"
5.0 x 10-"
6.2 x 10-"
1.3 x 10-'°
2.0 x 10-"
3.2 x 10-"

2.2 x 10-'°
3.2 x 10-'°
1.6 x 1Q-"
25 x 10-"
1.1 x ID'9
4.0 x 10-9

6.1 x 10-'°
3.4 x 10-9

6.0 x 10-'°
3.1 x JO'9

1.3 x 10-'°
3.6 x 10"'°
1.6 x ID'9
6.4 x IO-9

Age 12-17 a
e(g)

3.4 x 1Q-"
5.6 x 10'"
1.7 x 1Q-"
3.5 x 10-"
3.5 x 10-"
8.7 X 10-"
1.2 x 10-"
2.0 x 10-"

1.2 x 10-'°
1.9 x 10-'°
9.4 x 10-12

1.6 x 10-"
6.4 x 10-'°
3.2 x 10-9

3.4 x 10'10

3.1 x 10-9

3.4 x 10-'°
2.6 x lO'9

7.0 x 10-"
2.9 x lO'10

9.4 x ID'10

5.5 x 10-9

Age > 17 a
e(g)

2.8 x 10-"
4.5 x 10-"
1.5 x 10-"
2.9 x 10'"
2.9 x IQ-"
7.2 x 10-"
1.0 x 10'"
1.7 x 1Q-"

9.9 x IQ-"
1.6 x 10'10

7.8 x 1Q-'2
1.3 x 10-"
5.4 x 10'10

2.7 x 10-9

2.8 x 10'10

2.4 x ID'9

2.8 x ID'10

2.2 x 10'9

6.0 x 10-"
2.3 x 10-'°
8.0 x ID'10

4.5 x 10-9
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Sn-123 129 d

Sn-123m 0.668 h

Sn-125 9.64 d

Sn-126 1.00 x 10s a

Sn-127 2 . I O H

Sn-128 0.985 h

Antimony
Sb-115 0.530 h

Sb-116 0.263 h

Sb-116m l . O O h

Sb-117 2.80 h

Sb-118m 5.00 h

F
M
F
M

F
M

F
M

1-
M

F
M

F
M
S

F
M
S

F
M
S
F
M
S
F
M
S

0.040
0.040

0.040
0.040

0.040
0.040
0.040
0.040
0.040
0.040

0.040
0.040

0.200
0.020
0.020

0.200
0.020
0.020

0.200
0.020
0.020

0.200
0.020
0.020
0.200
0.020
0.020

1.4 x 1Q-8

4.0 x 1Q-8

1.4 x ID'10

2.3 x 10-'°
1.2 x ID'8
2.1 x 10-R

7.3 x IO-8

1.2 x 1Q-7

6.6 x 10 I0

1.0 x 10 ''

5.1 X 10-"'
8.0 x 10-'°

8.1 x 10-"
1.2 x 10 •"'
1.2 x 10-'°
8.4 x 10-"
1.1 x 10-'°
1.2 x 10-'°
2.6 x 10-'°
3.6 x 10-'°
3.7 x 10-'°
7.7 x 10-"
1.2 x 10-'°
1.3 x 10-'°
7.3 x IO-10

9.3 x 10-'°
9.5 x ID'10

0.020
0.020

0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020

0.020
0.020

0.100
0.010
0.010

0.100
0.010
0.010

0.100
0.010
0.010

0.100
0.010
0.010

0.100
0.010
0.010

9.9 x IO-9

3.1 x JO ' 8

8.9 x 10-"
1.5 x 10 I0

8.0 x IO-9

1.5 x 10 R

5.9 x 10 K

1.0 x 10 7

4.7 x 10 '"
7.4 x 10 '"

3.6 x 10 "'
5.5 x ID" I0

5.9 x 10 "
8.3 x 10 "
8.6 x 10'"
6.2 x 10-"
8.2 x 10 "
8.5 x 10 "
2.1 x 10-|n

2.8 x 10-'°
2.9 x ID'10

6.0 x 1Q-"
9.1 x 10-"
9.5 x 10-"
6.2 x 10'10

7.6 x 10-'°
7.8 x lO'10

4.5 x
1.8 x
3.9 x
7.0 x
3.5 x
7.6 x
3.2 x
6.2 x
2.3 x
3.7 x

1.7 x
2.7 x

2.8 x
4.0 x
4.1 x

3.0 x
4.0 x
4.1 x

1.1 x
1.5 x
1.5 x
2.9 x
4.6 x
4.8 x

3.3 x
4.0 x
4.1 x

io-9

io-8

,0 i i
io-"
io-9

10"
io-8

10 8

10 "'
10 '"

10 I0

10 10

10 "
10 "
10 "
io-"
io-"
10 "
10-in
,0-10
,0-io

10-"
10-"
10-"
I 0-io
,0-io
,0-io

2.6 x 10'y
1.2 X 1Q-8

2.5 x 10 "
4.6 x 1Q-"
2.0 x ID"9

5.0 x IO-9

2.0 x 10-x

4.1 x 1Q-8

1.4 x 10 '"
2.4 x 10 l(l

1.0 x 10-'°
1.7 x 10-'°

1.7 X IO-"
2.5 x 10 "
2.6 x 10-"
1.9 x 10-"
2.5 x 10-"
2.6 x 1Q-"

6.6 x 10-"
9.1 x 10-"
9.4 x 10-"

1.8 x 10-"
3.0 x 10-"
3.1 x 10-"
2.0 x 10-'°
2.5 x 10-'°
2.5 x 10-'°

1.4 x IO-9

9.5 x JO'9

1.5 x 10-"
3.2 x 1Q-"
1.1 x IO-9

3.6 x IO-9

1.3 x lO'8
3.3 x IO-8

7.9 x 10 "
1.6 x 10 '"
6.1 x 10-"
1.1 x 10-'°

.0 x 10-"

.6 x 10-"

.7 x 10-"

.1 x 10-"

.5 x 1Q-"

.6 x 10'"

4.0 x 1Q-"
5.9 x 10'11

6.1 x 10-"
1.0 x 10-"
2.0 x IO-11

2.2 x 10'"
1.2 x 10'10

1.5 x 10-'°
1.5 x 10-'°

1.2 x ID"9

8.1 x IO-9

1.3 x IO-"
2.7 x 10'"
8.9 x 10'10

3.1 x IO-9

1.1 x IO'8
2.8 x 1Q-8

6.5 x 10 "
1.3 x ID'10

5.0 X 1Q-"
9.2 x 10-"

8.5 x IO- 1 2

1.3 x 1Q-"
1.4 x 1Q-"
9.1 x ID'12

1.3 x 10-"
1.3 x 10-"
3.2 x 10-"
4.7 x 10-"
4.9 x 10-"

8.5 x ID'12

1.6 x 10-"
1.7 x 10-"

9.3 x 10-"
1.2 x ID'10

1.2 x 10-'°



CM
<N
CN . , ._ .--. .

., ... Physical _Nuclide , Typehalf-life

Sb-119 1.59d F
M
S

Sb-120 5.76 d F
M
S

Sb-120 0.265 h F
M

\M Sb-122 2.70d F
3 M
3 s

Sb-124 60.2 d F
M
S

Sb-124m 0.337 h F
M
S

Sb-125 2.77 a F
M
S

Sb-126 12.4 d F
M
S

Age

f|

0.200
0.020
0.020
0.200
0.020
0.020
0.200
0.020
0.020

0.200
0.020
0.020
0.200
0.020
0.020
0.200
0.020
0.020

0.200
0.020
0.020

0.200
0.020
0.020

g <1 a

e(g)

2.7 x 10'10

4.0 x 10-'°
4.1 x 10'10

4.1 x IO- 9

6.3 x 10 "
6.6 x IO-9

4.6 x 10-"
6.6 x 10-"
6.8 x 1Q-"

4.2 x 10'"
8.3 x IO-9

8.8 x IO-9

1.2 x IO-8

3.1 x 10 K

3.9 x 10'8

2.7 x 10-"
4.3 x 10'"
4.6 x 10'"
8.7 x IO-9

2.0 x lO'8
4.2 x IO-8

8.8 x IO-9

1.7 x JO'8
1.9 x ID'8

f, for
g > 1 a

0.100
0.010
0.010
0.100
0.010
0.010

0.100
0.010
0.010

0.100
0.010
0.010

0.100
0.010
0.010

0.100
0.010
0.010
0.100
0.010
0.010

0.100
0.010
0.010

Age 1-2 a
e(g)

2.0 x
2.8 x
2.9 x
3.3 x
5.0 x
5.3 x

3.1 x
4.4 x
4.6 x

2.8 x
5.7 x
6.1 x

8.8 x
2.4 x
3.1 x

1.9 x
3.1 x
3.3 x

6.8 x
1.6 x
3.8 x

6.6 x
1.3 x
1.5 x

10-io
,0- io
,0-io

10-"
10"
io-9

10-"
io-"
io-"
10"
10"
10"
10-"
10 *
i o - K

10-"
10-"
10-"
io-9

io-R

io-8

io-9

io-8

io-8

Age
el

9.4
1.3
1.4

1.8
2.8
2.9

1.4
2.0
2 . 1

1.4
2.8
3.0

4.3
1.4
1.8

9.0
1.5
1.6

3.7
1.0
2.4

3.3
7.4
8.2

x
x
X

X

X

X

X
X

X

X

X

X

X
X

X

X
X

X

X
X
X

X
X
X

2-7 a
(E)

10'"
,0-m
,0-io

10"
10"
io-"
to-"
10 "
10 "
I O 9

10"
io-"
io-9

10 *
i o - «
io-1 2

10-"
10-"
io-9

ID'8

io-8

io-9

io-9

io-9

(&
Age 7-12 a

e(g)

5.5 x 10-"
7.9 x 10-"
8.2 x 10-"
1.1 x IO-9

1.8 x 10 "
1.9 x 10-"
8.9 x IO- 1 2

1.3 x 10-"
1.4 x 10'"

8.4 x 10-'°
1.8 x 10-"
2.0 x 10'"
2.6 x IO-9

9.6 x 10 "
1.3 x 10 K

5.6 x I O - 1 2

9.6 x IO- 1 2

1.0 x 10-"
2.3 x 10'"
6.8 x ID'9

1.6 x 1Q-8

2.1 x IO-9

5.1 x IO-9

5.0 x IO-9

j) UuU/.^U

Age 12-17 a
e(g)

2.9 x 1Q-"
4.4 x 1Q-"
4.5 x 10-"

6.7 x lO"10

1.3 x 10 "
1.4 x 1Q-9

5.4 x 10-'2

8.3 x IQ- ' 2

8.7 x IO- ' 2

4.4 x 10-'°
1.3 x 10 "
1.4 x ID"9

1.6 X IO-9

7.7 x 10'"
1.0 x IO'8

3.4 X 10-'2

6.5 x ID'12

7.2 x ID'1 2

1.5 x IO-9

5.8 x ID"9

1.4 x 1Q-8

1.2 x JO'9

3.5 x ID'9
4.0 x IO-9

Jl JjaaJf

Age > 17 a
e(g)

2.3 x 10-"
3.5 x 10-"
3.6 x 10-"
5.5 x 10-'°
1.0 x IO-9

1.1 x 1Q-9

4.6 x 10'12

7.0 x 1Q-'2
7.3 x IO- 1 2

3.6 x 10-'°
1.0 x 1Q-9

1.1 x JO'9

1.3 x IO-9

6.4 x 10-"
8.6 x IO-9

2.8 x ID'1 2

5.4 x 10'12

5.9 x ID'1 2

1.4 x JO'9
4.8 x IO-9

1.2 x 10'8

1.0 x ID"9

2.8 x IO-9

3.2 x IO-9



3

i
*»
1.j

COcs

Sb-126m

Sb-127

Sb-128

Sb-128

Sb-129

Sb-130

Sb-131

Tellurium
Te-116

Te-121

Te-121m

0.317 h F
M
S

3.85 d F
M
S

9.01 h F
M
S

0.173 h F
M
S

4.32 h F
M
S

0.667 h F
M
S

0.383 h F
M
S

2.49 h F
M
S

17.0 d F
M
S

154 d F
M
S

0.200
0.020
0.020
0.200
0.020
0.020
0.200
0.020
0.020
0.200
0.020
0.020
0.200
0.020
0.020
0.200
0.020
0.020
0.200
0.020
0.020

0.600
0.200
0.020
0.600
0.200
0.020
0.600
0.200
0.020

1.2 x IO-'°
1.7 x ID'10

1.8 x ID'10

5.1 x IO-9

1.0 x ID'8
1.1 x ID'8

2.1 x ID'9
3.3 x ID'9
3.4 x IO-9

9.8 x 10-"
1.3 x 10-'°
1.4 x ID'10

1.1 x ID'9
2.0 x lO'9
2.1 x ID"9

3.0 x 10-'°
4.5 x 10-'°
4.6 x 10'10

3.5 x 10-'°
3.9 x ID'10

3.8 x 10-'°

5.3 x ID'10

8.6 x ID'10

9.1 x 10'10

1.7 x ID"9

2.3 x IO-9

2.4 x IO-9

1.4 x ID'8

1.9 x 10'8
2.3 x IO-8

0.100
0.010
0.010
0.100
0.010
0.010
0.100
0.010
0.010
0.100
0.010
0.010
0.100
0.010
0.010
0.100
0.010
0.010
0.100
0.010
0.010

0.300
0.100
0.010
0.300
0.100
0.010
0.300
0.100
0.010

8.2 x 10-"
1.2 x ID'10

1.2 x ID"10

3.5 x ID'9
7.3 x ID'9

7.9 x IO-9

1.7 x ID'9
2.5 x ID'9
2.6 x ID'9

6.9 x 10'"
9.2 x 10-"
9.4 x 10-"
8.2 x ID'10

1.4 x JO"9

1.5 x IO-9

2.2 x 10-'°
3.2 x 10 I0

3.3 x lO'10

2.8 x ID'10

2.6 x lO'10

2.6 x 10-'°

4.2 x ID'10

6.4 x 10-'°
6.7 x ID'1 0

1.4 x IO-9

1.9 x 10"9

2.0 x ID'9

1.0 x 10'8
1.5 x 10'8
1.9 x IO'8

3.8 x 10'"
5.5 x 10-"
5.7 x 10-"
1.6 x 10"9

3.9 x IO-9

4.2 x 1Q-9

8.3 x 10-'°
1.2 x ID'9
1.3 x IO-9

3.2 x 10-"
4.3 x 10-"
4.4 x 1Q-"
3.8 x 10-'°
6.8 x ID'10

7.2 x 10-'°
1.1 x 10-'°
1.6 x 10-'°
1.6 x ID'10

1.4 x ID'10

1.3 x 10-'°
1.2 x 10'10

2.1 x lO'1 0

3.2 x ID'10

3.3 x 10-'°
7.2 x 10-'°
1.0 x IO-9

1.1 x IO-9

5.3 x ID'9
8.8 x ID'9
1.2 x 10-R

2.4 x 10'"
3.5 x 10'"
3.7 x 10'"
9.7 x ID'10

2.7 x IO-9

3.0 x ID'9

5.1 x 10'10

7.9 x ID'10

8.3 x IO'10

2.0 x 10-"
2.7 x 10'"
2.8 x 10'"
2.3 x 10'10

4.4 x ID'10

4.6 x 10'10

6.6 x 10 "
9.8 x 10'"
1.0 x ID'10

7.7 x 10-"
8.0 x 1Q-"
7.9 x 10'"

1.3 x 10-'°
2.0 x ID'10

2.1 x 10-'°
4.6 x 10-'°
6.8 x 10-'°
7.2 x lO'10

3.3 x ID'9
6.1 x IO-9

8.1 x IO-9

1.5 x 1Q-"
2.3 x 10-"
2.4 x 10-"
5.2 x IQ-10

2.1 x 10'9

2.3 x lO"9

2.9 x ID'10

5.0 x ID'10

5.2 x ID'10

1.2 x 10-"
1.7 x 10-"
1.8 x 10-"
1.3 x ID'10

2.9 x 10'10

3.0 x ID'10

4.0 x 10'"
6.3 x 10-"
6.5 x 1Q-"
4.6 x 10"11

5.3 x 1Q-"
5.3 x 1Q-"

7.2 x 1Q-"
1.3 x 1Q-10

1.4 x lO'10

2.9 x ID'10

4.7 x 10'10

5.1 x lO'10

2.1 x 10'9

5.1 x 10'9
6.9 x ID'9

1.2 x 10-"
1.9 x 10-"
2.0 x 1Q-"
4.3 x 10-'°
1.7 x ID'9
1.9 x lO'9

2.3 x 10-'°
4.0 x ID'10

4.2 x IO-10

1.0 x 10-"
1.4 x 10'"
1.5 x 1Q-"
1.0 x 10'10

2.3 x 10-'°
2.5 x 10'10

3.3 x 10-"
5.1 x 10-"
5.3 x 10-"
3.5 x 1Q-"
4.4 x 1Q-"
4.4 x 1Q-"

5.8 x 10-"
1.0 x 10-'°
1.1 x 10-'°
2.4 x lO'10

3.8 x 10'10

4.1 x 10'10

1.8 x 10'9
4.2 x 10'9
5.7 x IO-9



<N
CN ——————————————————————

M i - j PhysicalNuclide . f, .., Typehalf-life

Te-123 1.00 x IO13 a F
M
S

Te-123m 120 d F
M
S

Te-125m 58.0 d F
M

_ S
^ Te-127 9.35 h Fg M
•j s

Te-127m 109 d F
M
S

Te-129 1.16h F
M
S

Te-129m 33.6 d F
M
S

Te-131 0.417 h F
M
S

Age g < 1 a

f.

0.600
0.200
0.020
0.600
0.200
0.020
0.600
0.200
0.020
0.600
0.200
0.020
0.600
0.200
0.020
0.600
0.200
0.020

0.600
0.200
0.020

0.600
0.200
0.020

c(g)

1.1 x 1Q-8

5.6 x ID"9

5.3 x IO-9

9.8 x 10'9
1.8 x IO-8

2.0 x IO-8

6.2 x IO-9

1.5 x 1Q-8

1.7 x IO-8

4.3 x 10-'°
1.0 x ID'9
1.2 x 10'9

2.1 x 1Q-8

3.5 x ID'8
4.1 x 10'8

1.8 x 10-'°
3.3 x 10-'°
3.5 x ID'10

2.0 x ID"8

3.5 x 10"8

3.8 x 10"8

2.3 x 10'10

2.6 x lO'10

2.4 x lO'10

f, for
g > 1 a

0.300
0.100
0.010
0.300
0.100
0.010
0.300
0.100
0.010
0.300
0.100
0.010
0.300
0.100
0.010

0.300
0.100
0.010

0.300
0.100
0.010

0.300
0.100
0.010

Age 1-2 a
e(g)

9.1 x
4.4 x
5.0 x
6.8 x
1.3 x
1.6 x
4.2 x
1.1 x
1.3 x
3.2 x
7.3 x
7.9 x
1.4 x
2.6 x
3.3 x

1.2 x
2.2 x
2.3 x

1.3 x
2.6 x
2.9 x

2.0 x
1.7 x
1.6 x

io-9

io-9

io-9

io-9

io-8

10'8

io-9

io-R

io-8

,0-10
,0-io
,0-io

10-"
io-8

io-8

I 0-io
,0-:o
,0- io

io-8

io-8

io-8

10-io
10-:o
10-io

Age 2-7 a
e(g)

6.2 x
3.0 x
3.5 x
3.4 x
8.0 x
9.8 x
2.0 x
6.6 x
7.8 x
1.4 x
3.6 x
3.9 x
6.5 x
1.5 x
2.0 x
5.1 x
9.9 x
1.0 x

5.8 x
1.4 x
1.7 x
9.9 x
8.1 x
7.4 x

io-9

io-9

io-9

io-9

io-9

io-9

io-9

io-9

io-9

,0-io
,0-io
10-io

io-9

io-8

io-8

10-"
10-"
,0-io

io-9

io-8

io-8

10-"
10-"
10-"

Age 7
e(,

4.8 x
2.3 x
2.4 x
1.9 x
5.7 x
7.1 x
1.1 x
4.8 x
5.8 x
8.5 x
2.4 x
2.6 x
3.5 x
I . I x
1.4 x
3.2 x
6.5 x
6.9 x

3.1 x
9.8 x
1.2 x
5.3 x
5.2 x
4.9 x

\w-

-12 a
g)

io-9

io-9

io-9

io-9

io-9

io-9

io-9

io-9

io-9

10-"
,0-io
,0-10

io-9

io-8

1 0-R

10-"
10-"
10-"
io-9

io-9

io-8

10-"
10-"
10-"

V

Age 12 17 a
e(g)

4.0 x
2.0 x
2.1 x
1.1 x
5.0 x
6.3 x
6.1 x
4.3 x
5.3 x
4.5 x
1.6 x
1.7 x
2.0 x
9.2 x
1.2 x
1.9 x
4.4 x
4.7 x
1.7 X
8.0 x
9.6 x

3.3 x
3.5 x
3.3 x

io-9

io-9

io-9

io-9

io-9

io-9

,0-io
io-9

io-9

10-"
10-io
,0-io

io-9

io-9

io-8

10-"
10-"
io-"
io-9

io-9

io-9

10-"
10-"
10-"

U-9

Age > 17 a
e(g)

3.9 x 1Q-9

1.9 x 1Q-9

2.0 x 1Q-9

9.5 x 10-'°
4.0 x 10'9
5.1 x 1C'9

5.1 x 10-'°
3.4 x 1Q-9

4.2 x ID'9

3.9 x 10-"
1.3 x 10-'°
1.4 x 10-'°
1.5 x ID"9

7.4 x 1Q-9

9.8 x IO-9

1.6 x 10-"
3.7 x 10'"
3.9 x 1Q-"
1.3 x lO'9
6.6 x 1Q-9

7.9 x JO'9

2.3 x 10-"
2.8 x 10-"
2.8 x 10-"



Te-131m

Te-132

Te-133

Te-133m

3
'V Te-134

$
*> Iodine
_ 1-120

1
<J
1} 1-1 20m

1-121

1-123

1-124
inrsr-J

1.25d F
M
S

3.26 d F
M
S

0.207 h F
M
S

0.923 h F
M
S

0.696 h F
M
S

1.35h F
M
S

0.883 h F
M
S

2.12h F
M
S

13.2 h F
M
S

4.18 d F
M
S

0.600
0.200
0.020
0.600
0.200
0.020
0.600
0.200
0.020
0.600
0.200
0.020
0.600
0.200
0.020

1.000
0.200
0.020
1.000
0.200
0.020
i.ood
0.200
0.020
1.000
0.200
0.020
1.000
0.200
0.020

8.7 x IO-9

7.9 x IO-9

7.0 x 10'9

2.2 x IO'8
1.6 x ID'8
1.5 x ID'8

2.4 x 10-'°
2.0 x 10-'°
1.7 x ID'10

1.0 x ID'9
8.5 x 10-'°
7.4 x ID'10

4.7 x ID'10

5.5 x 10-'°
5.6 x ID'10

1.3 x ID'9
1.1 x ID'9
1.0 x ID'9

8.6 x 10-'°
8.2 x 10 l()

8.2 x 10-'°
2.3 x ID'10

2.1 x ID'10

1.9 x 10-'°
8.7 x 10-'°
5.3 x ID'10

4.3 x 10-'°
4.7 x ID'8
1.4 x JO'8

6.2 x 1C'9

0.300
0.100
0.010
0.300
0.100
0.010
0.300
0.100
0.010
0.300
0.100
0.010
0.300
0.100
0.010

1.000
0.100
0.010
1.000
0.100
0.010
1.000
0.100
0.010
1.000
0.100
0.010
1.000
0.100
0.010

7.6 x ID'9
5.8 x 10'9
5.1 x ID'9

1.8 x 10'8
1.3 x ID'8
l.l x 10'8

2.1 x 10-'°
1.3 x ID'10

1.2 x ID'10

8.9 x IO'10

5.8 x 10-'°
5.1 x 10-'°
3.7 x ID'10

3.9 x 10-'°
4.0 x ID'10

1.0 x IO-9

7.3 x 10'10

6.9 x lO'10

6.9 x 10 l(1

5.9 x 10 "'
5.8 x lO'10

2.1 x 10-'°
1.5 x 10'10

1.4 x IO'10

7.9 x ID'10

3.9 x 10-'°
3.2 x 10-'°
4.5 x IO-8

9.3 x IO-9

4.4 x 10'9

3.9
3.0
2.6
8.5
6.4
5.8
9.6
6.1
5.4
4.1
2.8
2.5
1.8
1.9
1.9

4.8
3.4
3.2
3.3
2.9
2.8
l . l
7.8
7.0
3.8
2.0
1.7
2.2
4.6
2.2

x
x
X

X
X
X

X
X
X

X
X
X

X
X
X

X
X
X

X

X

X

X
X
X

X
X
X

X
X
X

io-9

io-9

io-9

io-9

io-9

io-9

10-"
10-"
10-"
,0-io
io-'°
m-io
,0-to
,0-m
,0-io

l o - i o
10 i°
I 0 -m
I 0 - io
10 '"
io-'°
,0-io
10-"
10-"
10-io
,0 .io
,0-io

lO'8
io-9

io-9

2.0 x 10-q

1.9 x ID'9
1.8 x IO-9

4.2 x 1C'9
4.0 x 1C'9
3.8 x IO-9

4.6 x 1Q-"
3.8 x 10-"
3.5 x 10-"
2.0 x 10-'°
1.7 x 10-'°
1.6 x 10-'°
1.0 x ID'10

1.2 x 10-'°
1.3 x 10-'°

2-.3 x 10-'°
2.1 x 10 lc)

2.0 x 10-'°
1.8 x 10 I0

1.8 x 10 "'
1.8 x 10 •• '"
6.0 x 1Q-"
4.9 x 1Q-"
4.5 x 10'"
1.8 x lO'10

1.2 x 10-'°
1.1 x 10-"'
1.1 x ID'8

2.5 x ID'9
1.4 x ID'9

1.2 x ID'9
1.2 x 10'9
1.1 x ID'9

2.6 x IO-9

2.6 x IO-9

2.5 x ID'9

2.8 x 10-"
2.4 x 10-"
2.2 x 10-"
1.2 x 10-'°
l.l x 10-'°
1.0 x 10-'°
6.0 x 10-"
8.1 x 10-"
8.4 x 10-"

.4 x 10-'°

.3 x 10-'°

.2 x 10-'°

.1 x 10-'°

.1 x 10 l(l

.1 x 10 •'"
3.8 x 10-"
3.2 x 10-"
3.0 x 10-"
l.l x ID'10

8.2 x 10-"
7.6 x 10-"
6.7 x IO-9

1.6 x IO-9

9.4 x 10'10

8.6 x IO-10

9.4 x ID'10

9.1 X ID'10

1.8 x 10'9
2.0 x ID"9

2.0 x 10'9

1.9 x IO-11

2.0 x 10'"
1.9 x lO'11

8.1 x 10-"
8.7 x 10-"
8.4 x 10-"
4.7 x lO'11

6.6 x 10'"
6.8 X 10-"

1.0 x 10-'°
1.0 x 10-'°
1.0 x 10-'°
8.2 x 10'"
8.7 x 10 "
8.8 x 10-"
2.7 x 10-"
2.5 x 10-"
2.4 x 10-"
7.4 x 10-"
6.4 x IQ-"
6.0 X 10-"
4.4 x 10'9
1.2 x lO'9

7.7 X lO'10



VO (»tt) L*

Nuclide

M25

1-126

1-128

g M29

a
1-130

1-131

1-132

I- 132m

Physical
half-life rype

60.1 d F
M
S

13.0 d F
M
S

0.416 h F
M
S

1.57 x 107 a F
M
S

12.4 h F
M
S

8.04 d F
M
S

2.30 h F
M
S

1.39 h F
M
S

Age g < 1 a

fi

1.000
0.200
0.020
1.000
0.200
0.020
1.000
0.200
0.020
1.000
0.200
0.020
1.000
0.200
0.020
1.000
0.200
0.020
1.000
0.200
0.020
1.000
0.200
0.020

e(g)

2.0 X 10'8
6.9 x 1Q-9

2.4 x 1Q-9

8.1 x 1Q-8

2.4 x 1Q-8

8.3 X 10'9

1.5 x 10-'°
1.9 x 10-'°
1.9 x 10-'°
7.2 x lO'8
3.6 x 10-8

2.9 x IO-8

8.2 x 1Q-9

4.3 x 10-9

3.3 x 10-9

7.2 x !0'8
2.2 x 10-8

8.8 x 10-9

I.I x 10'9

9.9 x 10'10

9.3 x ID'10

9.6 x 10-'°
7.2 x 10'10

6.6 x 10'10

f, for
g > 1 a

1.000
0.100
0.010
1.000
0.100
0.010
1.000
0.100
0.010
1.000
0.100
0.010
1.000
0.100
0.010

1. 000
0.100
0.010
1.000
0.100
0.010

1.000
0.100
0.010

Age 1 -2 a
e(g)

2.3 x lO'8
5.6 x 10-9

1.8 x 10'9

8.3 x 10'8
1.7 x 10-8

5.9 x ID'9

1.1 x 10-'°
1.2 x 10-'°
1.2 x 10-'°
8.6 x 1Q-8

3.3 x 1Q-8

2.6 x 10'8

7.4 x ID'9
3.1 x 10-9

2.4 x 10'9

7.2 x 10-8

1.5 x 10'8
6.2 x ID'9

9.6 x 10-'°
7.3 x ID'10

6.8 x 10-'°
8.4 x 10'10

5.3 x ID'10

4.8 x 10'10

Age 2-7 a
e(g)

1.5 x 10'8
3.6 x 1Q-9

1.0 x 10'9

4.5 x 10'8
9.5 x ID'9
3.3 x 10-9

4.7 x 10-"
5.3 x 10-"
5.4 x IO-"
6.1 x 10-8

2.4 x IO-8

1.8 x 10"8

3.5 x 10-"
1.5 x IO-9

1.2 x JO'9

3.7 x 10-8

8.2 x 10'9
3.5 x 10-9

4.5 x 10-'°
3.6 x 10-'°
3.4 x 10'10

4.0 x ID"10

2.6 x ID'10

2.4 x 10-'°

Age 7-12 a
e(g)

1.1 X 1Q-8

2.6 x lO'9
6.7 x 10-'°
2.4 x ID'8
5.5 x 10-9

2.2 X ID"9

2.7 x 10-"
3.4 x 10'"
3.5 x 10-"
6.7 x 10-8

2.4 x 10-8

1.3 x ID'8

1.6 x IO-9

9.2 x 10-'°
7.9 x 10'10

1.9 x ID'8
4.7 x 10-9

2.4 x ID'9

2.2 x ID'10

2.2 x 10-'°
2.1 x 10-'°

1.9 x 10'10

1.6 x 10-'°
1.6 x 10-'°

Age 12-17 a
e(g)

7.2 x 10-9

1.8 x ID'9
4.8 x 10'10

1.5 x lO'8
3.8 x 10-9

1.8 x ID"9

1.6 x 10'"
2.2 x 10-"
2.3 x 10-"
4.6 x IQ-8

1.9 x 10-R

1.1 X ID'8

1.0 x 10-9

5.8 x 10'10

5.1 x 10-'°
1.1 x 10'8
3.4 x 1Q-9

2.0 x 10'9

1.3 x 10'10

1.4 x ID'10

1.4 x 10'10

1.2 x JO'10

1.1 x ID'10

1.1 x 10-'°

Age > 17 a
e(g)

5.1 x lO'9
1.4 x ID'9
3.8 x 10-'°
9.8 x JO'9
2.7 x ID'9
1.4 x JO'9

1.3 x 10'"
1.9 x 10-"
2.0 x JO'"
3.6 x 10-"
1.5 x lO'8
9.8 x 10'9

6.7 x 10-'°
4.5 x JO'10

4.1 x 10-'°
7.4 x ID'9
2.4 x 10'9
1.6 x ID"9

9.4 x 10-"
1.1 x 10-'°
1.1 x ID'10

7.9 x 10-"
8.7 x 10-"
8.5 x 10-"



3

1-133

1-134

1-135

Caesium
Cs-125

Cs-127

Cs-129

Cs-130

Cs-131

Cs-132

Cs-134

20.8 h F
M
S

0.876 h F
M
S

6.61 h F
M
S

0.750 h F
M
S

6.25 h F
M
S

1.34d F
M
S

0.498 h F
M
S

9.69 d F
M
S

6.48 d F
M
S

2.06 a F
M
S

1.000
0.200
0.020
1.000
0.200
0.020
1.000
0.200
0.020

1.000
0.200
0.020
1.000
0.200
0.020
1.000
0.200
0.020
1.000
0.200
0.020
1.000
0.200
0.020
1.000
0.200
0.020
1.000
0.200
0.020

1.9 x ID"8

6.6 x IO-9

3.8 x IO-9

4.6 x 10-'°
4.8 x 10'10

4.8 x 10-'°
4.1 x ID'9
2.2 x ID'9
1.8 x IO-9

1.2 x ID'10

2.0 x 10'10

2.1 x ID'10

1.6 x 10-'°
2.8 x ID'10

3.0 x ID'10

3.4 x 10'10

5.7 x ID'10

6.3 x 10-'°
8.3 x 10-"
1.3 x ID'10

1.4 x 10-'°
2.4 x 10-'°
3.5 x 10-'°
3.8 x 10-'°
1.5 x ID'9
1.9 x 10'9
2.0 x JO'9

1.1 x 10'8
3.2 x IO-8

7.0 x JO'8

1.000
0.100
0.010
1.000
0.100
0.010
1.000
0.100
0.010

1.000
0.100
0.010
1.000
0.100
0.010
1.000
0.100
0.010
1.000
0.100
0.010
1.000
0.100
0.010
1.000
0.100
0.010
1.000
0.100
0.010

1.8 x 10'8
4.4 x ID'9
2.9 x ID'9

3.7 x lO'10

3.4 x ID'10

3.4 x 10-'°
3.7 x ID'9
1.6 x ID'9
1.3 x ID'9

8.3 x 10-"
1.4 x 10-'°
1.4 x 10'10

1.3 x ID'10

2.2 x lO'10

2.3 x ID'10

2.8 x 10-'°
4.6 x 10-'°
4.9 x 10'10

5.6 x 10'"
8.7 x 10 "
9.0 x 10-"
1.7 x 10-'°
2.6 x 10-'°
2.8 x 10-'°
1.2 x IO-9

1.5 x ID'9

1.6 x ID'9

7.3 x ID'9

2.6 x ID'8
6.3 x IO-8

8.3
2 . 1
1.4
1.8
1.7
1.7
1.7
7.8
6.5

3.9
6.5
6.8
6.9
1.1
1.2
1.4
2.4
2.5
2.5
4.0
4.1
8.4
1.4
1.4
6.4
8.4
8.7
5.2
1.6
4.1

x
x
X

X
X
X

X

X
X

X
X
X

X
X
X

X
X
X

X
X
X

X
X
X

X
X
X

X
X
X

10-"
10-"
io-9

,0-m
,0-ic
10-io

io-9
,0-to
,0-io

10-"
10-"
10-"
to-"
10-io
,0-m
io-10

io-'°io- I0

10-"
10 "
,0 -n

10-"
io-'°
,0-io
,0-io
,0-io
,0-io

io-9

io-8

io-8

3.8 x 10-"
1.2 x 10 "
9.0 x ID'1 0

9.7 x 10'"
1.0 x ID'10

1.1 x 10-'°
7.9 x 10-'°
4.7 x 10-'°
4.2 x lO'10

2.4 X 10-"
4.2 x 10-"
4.4 x 10-"
4.2 X 10-"
7.3 x 10-"
7.6 x 10-"
8.7 x 10-"
1.5 x 10-'°
1.6 x 10-'°
1.6 x 10-"
2.5 x 10-"
2.6 x 10-"
5.3 x 10-"
8.5 x 10-"
9.1 x 10-"
4.1 x ID'10

5.4 x 10-'°
5.6 x ID'10

5.3 x IO-9

1.2 x 10'8

2.8 x IO-8

2.2 x ID"9

7.4 x 10-'°
5.3 x 10-'°
5.9 x 10-"
6.7 x 1Q-11

6.8 x 10-"
4.8 x 10-'°
3.0 x lO'10

2.7 x ID'10

1.4 x 1Q-"
2.7 x 10-"
2.8 x 10-"
2.5 x 10-"
4.6 x 10-"
4.8 x 10-"
5.2 x 10-"
9.1 x 10-"
9.7 x 10-'1

9.4 x IO-1 2

1.6 x 10-"
1.7 x 10-"
3.2 x 10-"
5.5 x 10-"
5.9 x 10-"
2.7 x ID'10

3.7 x 10-'°
3.8 x ID'10

6.3 x ID'9
1.1 x 10'8
2.3 x lO'8

1.5 x JO'9
5.5 x lO'10

4.3 x 10'10

4.5 x 1Q-"
5.4 x 1Q-"
5.5 x 10'"
3.2 x 10-'°
2.4 x 10-'°
2.2 x 10-'°

1.2 x 10'"
2.2 x 10-"
2.3 x 10-"
2.0 x 10-"
3.6 x 10-"
3.8 x 10-"
4.2 x 10-"
7.3 x 10-"
7.7 x 10-"
7.8 x IO-12

1.4 x 10-"
1.4 x 10-"
2.7 x 10'"
4.4 x 10-"
4.7 x 10-"
2.3 x ID'10

2.9 x ID'10

3.0 x lO'10

6.6 x ID'9
9.1 x 10'9
2.0 X ID'8



oo (g.,13) Lu

Nuclide

Cs-134m

Cs-135

Cs-135m

Cs-136

Cs-137

Cs-138

Barium"
Ba-126

Physical _
half-life Type

2.90h F
M
S

2.30 x 106a F
M
S

0.883 h F
M
S

13.1 d F
M
S

30.0 a F
M
S

0.536 h F
M
S

1.61 h F
M
S

Age g < 1 a

f, e(g)

1.000
0.200
0.020
1.000
0.200
0.020
1.000
0.200
0.020
1.000
0.200
0,020
.1.000
0.200
0.020

1.000
0.200
0.020

0.600
0.200
0.020

1.3 x
3.3 x
3.6 x
1.7 x
1.2 x
2.7 x
9.2 x
1.2 x
1.2 x
7.3 x
1.3 x
1.5 x
8.8 x
3.6 x
1.1 x

2.6 x
4.0 x
4.2 x

6.7 x
1.0 x
I . I x

10-io
,0-10
,0-m

io-9

io-R

io-8

10-"
,0-io
,0-io

io-9

10 R

io-8

io-9

10 8

io - 7

,0- io
, 0 -K)
,0-io

,0-10
io-9

io-9

f, for
g > 1 a

1.000
0.100
0.010

1.000
0.100
0.010

1.000
0.100
0.010

1.000
0.100
0.010
1.000

O.KX)
0.010

1.000
0.100
0.010

0.200
0.100
0.010

Age 1-2 a
e(g)

8.6 x
2.3 x
2.5 x

9.9 x
9.3 x
2.4 x

7.8 x
9.9 x
1.0 x
5.2 x
1.0 x
1.1 x

5.4 x
2.9 x
1.0 x

1.8 x
2.7 x
2.8 x

5.2 x
7.0 x
7.2 x

10-"
,0-K.
, 0 - io
,0 - io
H ) 9

i o - x

10-"
10-"
,0-io

10"
10 K

10-"
10 "
10 x

10 7

10 "'
,0 io
,0 - io

, 0 - i o
,0-m
,0-io

Age 2-7 a
c(g)

3.8 x
1.2 x
1.3 x

6.2 x
5.7 x
1.6 x

4.1 x
5.2 x
5.3 x
2.9 x
6.0 x
5.7 x

3.6 x
1.8 x
7.0 x

8.1 x
1.3 x
1.3 x

2.4 x
3.2 x
3.3 x

10-"
, 0 - io
, 0 - K i

,0 - in
10 9

io-8

10-"
10-"
10-"
10 9

10"
io-9

10 *
10 "
10 x

10 "
10 •"'
, 0 - u i

, 0 - i o
, 0 - i o
, 0 - io

Age 7
e(

2.5 x
8.3 x
9.2 x
6.1 x
4.1 x
1.1 x

2.4 x
3.2 x
3.3 x
2.0 x
3.7 x
4.1 x

3,7 x
1.3 x
4.8 x

5.0 x
7.8 x
8.2 x

1.4 x
2.0 x
2.1 x

-12 a
g)

10-"
io-"
10-"
, 0 - io
I O 9

IO'8

10-"
10-"
10-"
10"
10"
io-9

10 "
1 0 *
10 x

io-"
10-"
10 "

,0-m
,0- io
,0- io

Age 12-17 a
e(g)

1.6 x
6.6 x
7.4 x

6.8 x
3.8 x
9.5 x
1.5 x
1.9 x
2.0 x
1.4 x
3.1 x
3.5 x

4.4 x
I . I x
4.2 x

2.9 x
4.9 x
5.1 x

6.9 x
1.2 x
1.3 x

io-"
10-"
10-"
,0-io
io-9

io-9

io-"
io-"
10-"
io-9

10"
io-9

10 9

10 K

10'x

10-"
io-"
io-"

10 "
,0-io
,0-io

Age > 17 a
e(g)

1.4 x 10-"
5.4 x 10-"
6.0 x 10-"
6.9 x 10-'°
3.1 x ID'9
8.6 x 10'9

1.2 x 10-"
1.5 x 10-"
1.6 x 10-"
1.2 x IO-9

2.5 x 10 "
2.8 x ID'9

4.6 x IO-9

9.7 x IO'9

3.9 X IO-8

2.4 x 10-"
4.1 X 10-"
4.3 x 10-"

7.4 x 10-"
1.0 x 10"10

1.1 x 10-'°

(t)



3
\1

{
JU

A

^j

ON
CS
fSl

Ba-128

Ba-131

Ba-131m

Ba-133

Ba-133m

Ba-135m

Ba-139

Ba-140

Ba-141

Ba-142

2.43 d F
M
S

11. 8d F
M
S

0.243 h F
M
S

10.7 a F
M
S

1.62 d F
M
S

l .20d F
M
S

1.38 h F
M
S

12.7 d F
M
S

0.305 h F
M
S

0.177H F
M
S

0.600
0.200
0.020
0.600
0.200
0.020
0.600
0.200
0.020
0.600
0.200
0.020
0.600
0.200
0.020
0.600
0.200
0.020
0.600
0.200
0.020
0.600
0.200
0.020
0.600
0.200
0.020
0.600
0.200
0.020

5.9 x
1.1 x
1.2 x
2.1 x
3.7 x
4.0 x
2.7 x
4.8 x
5.0 x
1.1 x
1.5 x
3.2 x
1.4 x
3.0 x
3.1 x
1.1 x
2.4 x
2.7 x
3.3 x
5.4 x
5.7 x
1.4 x
2.7 x
2.9 x
1.9 x
3.0 x
3.2 x
1.3 x
1.8 x
1.9 x

io-9

io-8

io-8

io-9

io-9

io-9

10-"
10-"
io-"
io-8

io-8

io-8

io-9

io-9

io-9

io-9

io-9

io-9

10-io
,0-m
1() io

to"
10 8

io-8

, 0 - io
,0-m
,0 -io
,0-io
,0-io
,0-m

0.200
0.100
0.010
0.200
0.100
0.010
0.200
0.100
0.010
0.200
0.100
0.010
0.200
0.100
0.010
0.200
0.100
0.010
0.200
0.100
0.010
0.200
0.100
0.010
0.200
0.100
0.010
0.200
0.100
0.010

5.4 x ID'9
7.8 x ID'9

8.3 x IO'9

1.4 x 1Q-9

3.1 x IO-9

3.0 x ID'9

2.1 x 10-"
3.3 x 10-"
3.5 x 10-"
4.5 x 10 9

1.0 x 10-*
2.9 x 10'8

1.1 x IO-9

2.2 x ID'9
2.4 x IO-9

1.0 x 10 9

1.8 x 10 9

1.9 x 10'9

2.4 x 10-'°
3.5 x JO' 1 0

3.6 x 10 I0

7.8 x 10 "
2.0 x 10 s

2.2 x ID'8

1.4 x 10 ul

2.0 x lO ' 1 0

2.1 x 10 •"'
9.6 x 10'"
1.3 x 10-'°
1.3 x 10-'°

2.5 x 10 9

3.7 x 10 9

4.0 x IO'9

7.1 x 10-'°
1.6 x 10"9

1.8 x 10'9

1.0 x 10-"
1.7 x 1Q-"
1.8 x 1Q-"
2.6 x I0'9
6.4 x 10 9

2.0 x IO"8

4.9 x 10'10

1.0 x 10 9

1.1 x IO-9

4.6 x 10 I0

8.9 x 10 '"
8.6 x 10-'"
1.1 x I0- | n

1.6 x 10 "'
1.6 x |() '"
.Vh x 10 "
I.I x 10 lS

1.2 x 10 *
6.4 x 10 "
9.3 x 10 -"
9.7 x 10"
4.5 x 10"
6.1 x 10-"
6.2 x 10"

1.4 x 10 '9
2.4 x IO-9

2.6.x ID'9

4.7 x 10' I0
1.1 x 1Q-9

1.3 x IO-9

6.7 x 10'12

1.2 x 10-"
1.2 x 10-"
3.7 x 10-9

5.1 x 10 9

1.3 x 10 8

3.1 x 10''°
6.9 x 10-|(>

7.6 x IO-10

2.5 x lO'10

5.4 x 10 "'
5.9 x 10 I0

6.0 x 10'"
1.0 x IO" 1 0

I.I x 10 '"
2.4 x H) "
7.6 x |() ''
8.6 x 10"
3.8 x Ul "
5.9 x m "
6.2 x 10 "
2.7 x 10-"
3.9 x 10-"
4.0 x 10"

7.4 x 10-'°
1.5 x IO-9

1.6 x 10"9

3.1 x 10''°
9.7 x 10-'°
1.1 x lO'9

4.7 x 1Q-'2
9.0 x ID'12

9.5 x lO'12

6.0 x 10"9

5.5 x ID'9
1.1 x 10"8

1.5 x ID'10

5.2 x 10-'°
5.8 x 10-'°
1.2 x 10'10

4.1 x 10 I0

4.5 x lO'10

3.1 x 10'"
6.6 x 10"
7.0 x 10 "
1.6 x 10 l)

6.2 x 10 ''
7.1 x lO'9

2.1 x 10-"
3.8 x 10"
4.0 x I D " 1 1

1.6 x 10""
2.5 x 10"
2.6 x 10-"

7.6 x 10-'°
1.3 x 1Q-9

1.4 x ID'9

2.2 x 10-'°
7.6 x 10-'°
8.7 x lO'10

4.0 x ID'12

7.4 x 10-'2
7.8 x ID'12

1.5 x JO'9
3.1 x IO-9

1.0 x 1Q-8

1.8 x ID'10

4.2 x 10-'°
4.6 x 10-'°
1.4 x 10-'°
3.3 x 10-'°
3.6 x 10-'°
3.4 x 10-"
5.6 x 10-"
5.9 x 10"
1.0 x 10 9

5.1 x 10 9

5.8 x IO-9

2.1 x 10-"
3.2 x 10-"
3.4 x 10-"
1.5 x 10-"
2.1 x 10-"
2.2 x 10-"



0
CO
CN ——————

Nuclide Physical
half-life Type

Age g < 1 a

f| e(g)
f, for

g > 1 a
Age 1-2 a

e(g)
Age 2-7 a

e(g)

(&?'

Age 7-12 a
c(g)

3) UuLuf-^t

Age 12-17 a
e(g)

iJJ JjJLaJI

Age > 17 a
e(g)

Lanthanum
La-131

La- 132

La- 135

La- 137

.«, La- 1383
La-140

La-141

La- 142

La- 143

Cerium
Ce-134

0.983 h

4.80 h

19.5 h

6.00 x IO4 a

1.35 x 10" a

1.68 d

3.93 h

1.54h

0.237 h

3.00 d

F
M
F
M
F
M
F
M
F
M
F
M
F
M
F
M
F
M

F
M
S

0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005

0.005
0.005
0.005

1.2 x
1.8 x
1.0 x
1.5 x
1.0 x
1.3 x
2.5 x
8.6 x
3.7 x
1.3 x
5.8 x
8.8 x
8.6 x
1.4 X

5.3 x
8.1 x
1.4 x
2.1 x

7.6 x
1.1 x
1.2 x

io-10

10-io

io-9

io-9

10-io
,0-io

io-8

io-9

io-7

io-7

io-9

io-9

,0-m
io-9

,0-io
,0-io
,0-io
,0-io

io-9

io-8

lO'8

5.0 x 10'4
5.0 x IO-4

5.0 x IO-4

5.0 x lO'4

5.0 x IO-4

5.0 x IO-4

5.0 x 10'4
5.0 x IO-4

5.0 x IO-4

5.0 x 1Q-4

5.0 x IO-4

5.0 x 10'4

5.0 x 10"4

5.0 x 1Q-4

5.0 x 1Q-4

5.0 x 1Q-4

5.0 x 10'4
5.0 x IO-4

5.0 x 1Q-4

5.0 x IO-4

5.0 x IO-4

8.7 x 10'"
1.3 x 10-'°
7.7 x 10-'°
1.1 x 1Q-9

7.7 x 10-"
1.0 x 10'10

2.3 x ID'8
8.1 x 10'9

3.5 x 10"7

1.2 x 10'7

4.2 x 10'9
6.3 x JO'9

5.5 x 10"'°
9.3 x lO'1 0

3.8 x 10-'°
5.7 x ID'10

8.6 x 10-"
1.3 x H)-10

5.3 x 10-'
7.6 x 10"9

8.0 x 10"9

4.2 x 1Q-"
6.4 x 10-"
3.7 x 10-'°
5.4 x 10-'°

3.8 x 10-"
4.9 x 10-"
1.5 x lO'8
5.6 x 10'9

2.4 x 10'7
9.1 x 10'8

2.0 x 1Q-9

3.1 x lO'9

2.3 x 10"10

4.3 x 10-'°
1.8 x lO'10

2.7 x 10'10

3.7 x 10-"
6.0 x 10-"

2.3 x ID'9
3.7 x ID'9

3.8 x 10'9

2.6 x 10-"
4.1 x 1Q-"

2.2 x 10-'°
3.4 x 10-'°
2.3 x 10-"
3.0 x 10-"
1.1 x 10'8
4.0 x IO-9

1.8 x 10'7
6.8 x 10"8

1.2 x ID'9
2.0 x JO'9

1.4 x 10 l()

2.8 x 10- lo

1.1 x ID'10

1.7 x 10-'°
2.3 x 10-"
3.9 x 10-"

1.4 x 1Q-9

2.4 x ID'9

2.5 x IO-9

1.5 x 10-"
2.8 x 10-"
1.2 x 10'10

2.0 x 10'10

1.3 x 10-"
1.7 x 10-"
8.9 x 10'9
3.6 x 10'9

1.6 x 10'7
6.4 x 10'8

6.9 x 10-'°
1.3 x 10'9

7.5 x 10'"
1.8 x 10'10

6.3 x 10'"
I.I x lO'10

1.4 x 10'"
2.5 x 10-"

7.7 x IO-10

1.5 x IO-9

1.6 x 10'9

1.3 x 10-"
2.3 x IO-"
1.0 x -lO'10

1.6 x lO'10

1.0 X 10-"
1.4 X 10-"
8.7 x lO'9
3.6 x 1C'9

1.5 x IO-7

6.4 X ID"8

5.7 x ID'10

1.1 x ID'9

6.3 x 10-"
1.5 x 10-'°
5.2 x 10-"
8.9 x 10-"
1.2 x 10-"
2.1 x 10-"

5.7 x IO-10

1.3 x IO-9

1.3 x IO-9



CO

Ce-135 17.6 h

Ce-137 9.00 h

Ce-137m 1.43d

Ce-139 138 d

Ce-141 32.5 d

Ce-143 1.38d

Ce-144 284 d

Praseodymium
Pr-136 0.218 h

Pr-137 1.28h

Pr-138m 2.10h

Pr-139 4.51 h

F
M
S
F
M
S
F
M
S
F
M
S
F
M
S
F
M
S
F
M
S

M
S
M
S
M
S
M
S

0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005 •
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005

0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005

2.3 x
3.6 x
3.7 x
7.5 x
1.1 x
1.1 x
1.6 x
3.1 x
3.3 x
1.1 x
7.5 x
7.8 x
1.1 x
1.4 x
1.6 x
3.6 x
5.6 x
5.9 x
3.6 x
1.9 x
2.1 x

1.3 x
1.3 x
1.8 x
1.9 x
5.9 x
6.0 x
1.5 x
1.6 x

io-9

io-9

io-9

10-"
lO-io
,0-10

io-9

io-9

io-9

io-8

io-9

io-9

10'8

io-8

io-8

io-9

io-9

io-9

io-7

io-7

io-7

10-io
10-io
10-io
io-'°
,0-»o
,0-io
10-io
,0-10

5.0 x IO-4

5.0 x IO-4

5.0 x IO-4

5.0 x 10-"
5.0 x IO-4

5.0 x ID'4

5.0 x IO-4

5.0 x IO-4

5.0 x IO-4

5.0 x IO-4

5.0 x IO-4

5.0 x IO-4

5.0 x IO-4

5.0 x ID'4
5.0 x IO-4

5.0 x IO-4

5.0 x IO-4

5.0 x IO-4

5.0 x IO-4

5.0 x 10 4

5.0 x IO-4

5.0 x IO-4

5.0 x IO-4

5.0 x 1Q-4

5.0 x IO-4

5.0 x IO-4

5.0 x IO-4

5.0 x IO-4

5.0 x IO-4

1.7 x ID'9
2.7 x 10'9
2.8 x IO-9

5.6 x 10-"
7.6 x 10-"
7.8 x 10-"
1.1 x IO-9

2.2 x IO-9

2.3 x ID'9

8.5 x ID'9
6.1 x ID'9
6.3 x ID'9

7.3 x ID'9
1.1 x !0'8
1.2 x ID'8

2.3 x IO-9

3.9 x IO-9

4.1 x ID'9

2.7 x ID'7
1.6 x 10 7

1.8 x IO-7

8.8 x 10'"
9.0 x 10-"
1.3 x ID'10

1.3 x ID'10

4.5 x ID'10

4.7 x ID'10

1.1 x lO"10

1.2 x lO'10

8.5 x
1.4 x
1.4 x
2.7 x
3.6 x
3.7 x
4.6 x
1.1 x
1.0 x
4.5 x
3.6 x
3.9 x
3.5 x
6.3 x
7.1 x
1.0 x
1.9 x
2.1 x
1.4 x
8.8 x
1.1 x

4.2 x
4.3 x
6.1 x
6.4 x
2.3 x
2.4 x
5.5 x
5.7 x

io-'°
io-9

io-9

10-"
10-"
10-"
,0-io
io-9

io-9

io-9

io-9

io-9

io-9

io-9

io-9

io-9

io-9

io-9

io-7

10 8

io-7

10-"
10-"
10-"
10-"
,0-to
,0-10

10-"
10-"

5.3 x 10-'°
8.9 x 10-'°
9.4 x 10-'°
1.6 x 10-"
2.2 x 10-"
2.3 x 10-"
2.8 x 10-'°
6.7 x 10-'°
7.3 x ID'10

2.8 x ID'9
2.5 x JO'9
2.7 x 10'9

2.0 x ID'9
4.6 x 10'9
5.3 x IO-9

6.2 x 10-'°
1.3 x ID'9
1.4 x 10'9

7.8 x IO-8

5.5 x 10 R

7.3 x IO-8

2.6 x 10-"
2.7 x 10-"
3.9 x 10-"
4.0 x 10-"
1.4 x 10-'°
1.5 x ID'10

3.5 x 10-"
3.7 x 10-"

3.0 x
5.9 x
6.3 x
8.7 x
1.2 x
1.3 x
1.5 x
5.1 x
5.6 x
1.8 x
2.1 x
2.4 x
1.2 x
4.1 x
4.8 x
3.3 x
9.3 x
1.0 x
4.8 x
4.1 x
5.8 x

1.6 x
1.7 x
2.4 x
2.5 x
9.0 x
9.3 x
2.3 x
2.4 x

,0-10
,0-10
lO-io

io-12

10-"
10-"
,0-io
10-io
,0-io

io-9

io-9

io-9

io-9

io-9

io-9

10-io
,0-10
io-9

io-8

10'8
io-8

10-"
10-"
10-"
10-"
10-"
10-"
10-"
10-"

2.4 x 10-'°
4.8 x ID'10

5.0 x ID'10

7.0 x 10'12

9.8 x IO-12

1.0 x 10-"
1.2 x IO-10

4.1 x 10-'°
4.4 x ID'10

1.5 x 10'9
1.7 x ID'9
1.9 x 10'9

9.3 x 10-'°
3.2 x ID'9
3.8 x ID"9

2.7 x 10-'°
7.5 x 10-'°
8.3 x 10-'°
4.0 x IO-8

3.6 x 10-R

5.3 x 10'8

1.3 x 10-"
1.4 x 10-"
2.0 x 10-"
2.1 x 10-"
7.2 X 10-"
7.4 x 10-"
1.8 x 10-"
2.0 x 10-"



csm
CM ——————————

Nuclide

Pr-142

Pr-142m

Pr-143

Pr-144

= Pr-145

3 Pr-147
•3

Neodymium
Nd-136

Nd-138

Nd-139

Nd-139m

Nd-141

Nd-147

Physical
half-life

19.1 h

0.243 h

13. 6 d

0.288 h

5.98 h

0.227 h

0.844 h

5.04 h

0.495 h

5.50h

2.49 h

1 1 . O d

Type

M
S
M
S
M
S
M
S
M
S
M
S

M
S
M
S
M
S
M
S
M
S
M
S

Ag

f.

0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005

0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005

e g <1 a

e(i

5.3 x
5.5 x
6.7 x
7.0 x

.2 x

.3 x

.9 x

.9 x

.6 x

.6 x

.5 x

.6 x

4.6 x
4.8 x
2.3 x
2.4 x
9.0 x
9.4 x
l.l x
1.2 x
4.1 x
4.3 x
1.1 x
1.2 x

5)

io-9

io-9

10-"
10-"
io-8

10'8
,0-io
io-'°
io-9

io-9

,0-io
,0-io

10-io
,0 io
io-9

io-9

10-"
10-"
io-9

io-9

10-"
10-"
io-8

10'8

f, for
g > 1 a

5.0 x ID'4
5.0 x IO-4

5.0 x IO-4

5.0 x IO-4

5.0 x ID'4

5.0 x JO'4

5.0 x ID'4
5.0 x IO-4

5.0 x 10-"
5.0 x IO- 4

5.0 x ID'4
5.0 x ID'4

5.0 x 10 4

5.0 x 10 4

5.0 x IO- 4

5.0 x IO-4

5.0 x 10'4
5.0 x lO'4

5.0 x IO-4

5.0 x 10'4

5.0 x 10-"
5.0 x IO-4

5.0 x IO- 4

5.0 x IO-4

A op/\ge
e(

3.5 x
3.7 x
4.5 x
4.7 x
8.4 x
9.2 x
1.2 x
1.2 x
1.0 x
1.1 x
1.0 x
1.1 x

3.2 x
3.3 x
1.7 x
1.8 x
6.2 x
6.4 x
8.8 x
9.1 x
3.1 x
3.2 x
8.0 x
8.6 x

1-2 a
g)

io-9

io-9

10-"
10-"
io-9

io-9

,0-10
io-'°
io-9

io-9

,0-io
,0-10

10.ii)
10 '"
I O 9

I O 9

10-"
10-"
10-io
10-io

10-"
10-"
io-9

io-9

Age
e(

1.6 x
1.7 x
2.0 x
2.2 x
4.6 x
5.1 x
5.0 x
5.2 x
4.7 x
4.9 x
4.8 x
5.0 x

1.6 x
1.6 x
7.7 x
8.0 x
3.0 x
3.1 x
4.5 x
4.6 x
1.5 x
1.6 x
4.5 x
4.9 x

2-7 a
g)

io-9

io-9

10-"
10-"
io-9

io-9

10-"
10-"
,0-io
m-io

10-"
io-"

, 0 - u i
10 "'
10 10

10 10

10-"
10-"
io-1"
io- '°
10-"
10 "
io-9

io-9

Vft

Age 7-12 a
e(g)

1.0 x ID'9
1.1 x 1Q-9

1.3 x 10'"
1.4 x 1Q-"
3.2 x IO-9

3.6 x 10'9

3.2 x 10-"
3.4 x 10-"
3.0 x 10-'°
3.2 x 10-'°
3.1 x 10-"
3.3 x 10-"

9.8 x 10-"
1.0 x 10 •'"
4.8 x IO ' 1 0

5.0 x 10 1(1

1.9 x 10-"
2.0 x 1Q-"
2.9 x 10 10

3.0 x ID' 1 0

9.6 x 10'12

1.0 x 1Q-"
3.2 x 1Q-9

3.5 x 10 9

IUJ UUU*-^

Age 12-17 a
e(g)

6.2 x 10-'°
6.6 x 10-'°
7.9 x 1Q-'2
8.4 x ID'12

2.7 x 1Q-9

3.0 x ID'9

2.1 x 1Q-"
2.1 x 10-"
1.9 x lO'10

2.0 x 10-'°
2.1 x 10-"
2.2 x 10-"

6.3 x 10'"
6.6 x 10 "
2.8 x 10-'°
3.0 x 10-"'
1.2 x 1Q-"
1.3 x 10-"
1.8 x ID'1 0

1.9 x 10'10

6.0 x ID' 1 2

6.2 x IO- 1 2

2.6 x ID'9
3.0 x IO-9

UJI JjJL»J

Age > 17 a
e(g)

5.2 x ID'10

5.5 x 10-'°
6.6 x 10'12

7.0 x 1Q-12

2.2 x 1Q-9

2.4 x ID'9

.8 x 10-"

.8 x 10'"

.6 x JO'10

.7 x 10-'°

.8 x 1Q-"

.8 x 10-"

5.1 x 10-"
5.4 x 10-"
2.3 x 10-'°
2.5 x ID'10

9.9 x ID'12

1.0 x 1Q-"
1.5 x 10-'°
1.5 x 10-'°
4.8 x 10-'2
5.0 x ID'12

2.1 x IO-9

2.4 x IO-9



3
•
4•>«i

I
3

en
CO»*j

Nd-149

Nd-151

Promethium
Pm-141

Pm-143

Pm-144

Pm-145

Pm-146

Pm-147

Pm-148

Pm-148m

Pm-149

Pm-150

Pm-151

1.73 h

0.207 h

0.348 h

265 d

363d

17.7 a

5.53 a

2.62 a

5.37d

41.3 d

2.21 d

2.68 h

1.18d

M
S
M
S

M
S
M
S
M
S

M
S
M
S
M
S
M
S
M
S
M
S

M
S

M
S

0.005
0.005
0.005
0.005

0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005

0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005

0.005
0.005

6.8 x 10-'°
7.1 x lO"10

1.5 x 10-'°
1.5 x 10-'°

1.4 x ID'10

1.5 x 10-'°
6.2 x IO-9

5.5 x IO-9

3.1 x 10"8

2.6 x 10'8

1.1 x 10'8
7.1 x 1C'9

6.4 x ID'8
5.3 x IO-8

2.1 x IO-8

1.9 x 10'8

1.5 x 10'"
1.5 x ID'8

2.4 x ID'8
2.5 x 10'8

5.0 x 10'9
5.3 x lO'9

1.2 x IO-9

1.2 x ID'9

3.3 x IO-9

3.4 x ID'9

5.0 x 10 4

5.0 x 10 4

5.0 x 10 4

5.0 x IO-4

5.0 x 10'4
5.0 x IO-4

5.0 x ID'4
5.0 x IO-4

5.0 x ID'4
5.0 x 10 4

5.0 x IO-4

5.0 x IO- 4

5.0 x IO-4

5.0 x IO-4

5.0 x ID'4
5.0 x IO-4

5.0 x 10 4

5.0 x IO-4

5.0 x IO-4

5.0 x IO-4

5.0 x ID'4
5.0 x IO-4

5.0 x ID'4
5.0 x IO-4

5.0 x IO-4

5.0 x IO-4

4.6 x 10 • ' "
4.8 x 10-"'
9.9 x 10'"
1.0 x lO'10

9.4 x 10-"
9.7 x 10-"
5.4 x 10-'
4.8 x 10'9

2.8 x IO-8

2.4 x IO-8

9.8 x 10'9
6.5 x IO-9

5.9 x ID'8
4.9 x 10-R

1.8 x ID'8
1.6 x 10'8

1.0 x 10 *
1.1 x 10 K
1.9 x 10-R

2.0 x IO-8

3.5 x IO-9

3.6 x 10-'

7.9 x lO"10

8.2 x 10-'°

2.5 x ID'9
2.6 x ID'9

2.2 x 10 l()

2.3 x 10-'°
4.6 x 10 "
4.8 x 10-"

4.3 x 10-"
4.4 x 10-"
3.3 x 10 9

3.1 x IO-9

1.8 x io-8

1.6 x IO-8

6.4 x JO'9
4.3 x ID'9

3.9 x IO-8

3.3 x 10-R

1.1 x IO-8

1.0 x IO-8

5.2 x 10"
5.5 x IO-9

1.1 x IO-8

1.2 x IO-8

1.7 x 10 9

1.8 x IO-9

3.8 x 10-'°
3.9 x 10-'°
1.2 x IO-9

1.3 x IO-9

1.5 x 10' m
1.5 x lO'1 0

3.0 x 10-"
3.1 x 10-"

2.7 x IO-"
2.8 x 10-"
2.2 x IO-9

2.1 x IO-9

1.2 x ID'8
1.1 x JO'8

4.3 x IO-9

2.9 x lO'9

2.6 x ID"8

2.2 x JO'8

7.0 x ID'9
6.8 x IO-9

3.4 x 10 9

3.7 x ID'9

7.7 x ID'9
8.3 x IO-9

I.I x 10'9
1.2 x IO-9

2.4 x 10-'°
2.5 x JO'10

8.3 x 10-'°
7.9 x 10'10

1.0 x 10-'°
1.1 x 10-'°
2.0 x 10-"
2.1 x 10-"

1.7 x 10-"
1.8 x 10-"
1.7 x IO-9

1.7 x IO-9

9.3 x IO-9

8.9 x IO-9

3.7 x IO-9

2.4 x ID'9

2.2 x ID'8
1.9 x ID'8

5.7 x ID'9
5.8 x ID'9

2.4 x 10'9
2.6 x ID'9

6.3 x ID"9

7.1 x 1Q-9

8.3 x 10'10

9.0 x to'10

1.5 x 10-'°
1.6 x ID'10

5.3 x 10-'°
5.7 x 10-'°

8.4 x 1Q-"
8.9 x 10-"
1.7 x 10-"
1.7 x 10'"

1.4 x IO-"
1.5 x 10-"
1.5 x IO-9

1.4 x 10'9

8.2 x IO-9

7.5 x IO-9

3.6 x 1Q-9

2.3 x ID"9

2.1 x 10"8

1.7 x JO"8

5.0 x ID"9

4.9 x ID'9

2.0 x IO'9
2.2 x JO'9

5.1 x 10'9
5.7 x ID'9

6.7 x ID'10

7.3 x 10-'°
1.2 x 10-'°
1.3 x 10-'°

4.3 x 10-'°
4.6 x 10-'°



N 1

31

Nuclide

Samarium
Sm-141
Sm-141m
Sm-142
Sm-145
Sm-146
Sm-147
Sm-151
Sm-153
Sm-155
Sm-156

Europium
Eu-145
Eu-146
Eu-147
Eu-148
Eu-149
Eu-150
Eu-150
Eu-152
Eu-152m

Physical
half-life

0.170 h
0.377 h

1.21 h
340 d

1.03 x 108a
1.06 x 10" a

90.0 a
1.95 d

0.368 h
9.40 h

5.94 d
4.61 d
24.0 d
54.5 d
93.1 d
34.2 a
12.6 h
13.3 a
9.32 h

Type

M
M
M
M
M
M
M
M
M
M

M
M
M
M
M
M
M
M
M

Age

f.

0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005

0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005

g <1 a

e(g)

1.5 x ID"1 0

3.0 x 10'10

7.5 x 10-'°
8.1 x ID'9

2.7 x 10'5

2.5 x ID'5

1.1 x IO-8

4.2 x IO-9

1.5 x 10-'°
1.6 x ID'9

3.6 x 10'9

5.5 x ID'9

4.9 x IO-9

1.4 x JO'8

1.6 x 1Q-9

1.1 x IO-7

1.6 x IO-9

I . I x IO"7

1.9 x 10 9

f, for
g > 1 a

5.0 X 10'4

5.0 x ID ' 4

5.0 x IO-4

5.0 x 1Q-4

5.0 x 10'4

5.0 x ID'4

5.0 x 10'4

5.0 x 10'4

5.0 x IO-4

5.0 x IO"4

5.0 x 10'4

5.0 x 10'4

5.0 x ID'4

5.0 x IO'4

5.0 x 10'4

5.0 x lO'4

5.0 x 10'4

5.0 x IO-4

5.0 x 10 4

Age 1-2 a
c(g)

1.0 x IO'1 0

2.1 x 10 I0

4.8 x 10 I0

6.8 x IO"9

2.6 x 10"5

2.3 x IO-5

1.0 x ID'8

2.9 x lO'9

9.9 x 1Q-"
1.1 x JO"9

2.9 x JO'9

4.4 x ID'9

3.7 x ID'9

1.2 x ID'8

1.3 x JO'9

1.1 x 1Q-7

1.1 x IO-9

1.0 x ID'7

1.3 x IO-9

Age 2-7 a
e(g)

4.7 x 10 "
9.7 x 10-"
2.2 x lO'10

4.0 x 10'9

1.7 x IO-5

1.6 x lO'5

6.7 x 1Q-9

1.5 x IO- 9

4.4 x 10""
5.8 x 10'10

1.6 x 10'9

2.4 x 10 9

2.2 x ID'9

6.8 x 10'9

7.3 x IO'10

7.8 x IO'8

5.2 x IO'10

7.0 x IO'8

6.6 x lO' 1 0

Age 7-12 a
e(g)

2.9 x 1Q-"
6.1 x 10-"
1.4 x 10-'°
2.5 x IO-9

1.2 x 10'5

1.1 x IO-5

4.5 x ID'9

1.0 x 10"9

2.9 x 10-"
3.5 x 10-'°

1.0 x IO-9

1.5 x IO-9

1.6 x ID'9

4.6 x JO'9

4.7 x lO'10

5.7 x 10'8

3.4 x 10'10

4.9 x ID'8

4.2 x 10'10

Age 12 17 a
e(g)

1.8 x 10-"
3.9 x 10-"
8.5 x 10-"
1.9 x 10"9

1.1 x IO-5

9.6 x 10'6

4.0 x 10"9

7.9 x 10-'°
2.0 x 10-"
2.7 x 10-'°

6.8 x 10-'°
1.0 x 10'9

1.3 x ID'9

3.2 x ID'9

3.5 x ID'10

5.3 x ID'8

2.3 x 10-'°
4.3 x IO-8

2.4 x 10-'°

Age > 17 a
e(g)

1.5 x 10-"
3.2 x 10-"
7.1 x 10-"
1.6 x ID'9

1.1 x 10'5

9.6 x 10~6

4.0 x IO-9

6.3 x 10-'°
1.7 x 10-"
2.2 x 10-'°

5.5 x 10-'°
8.0 x 10'10

I.I x IO-9

2.6 x IO-9

2.9 x ID'10

5.3 x IO-8

1.9 x 10-'°
4.2 x ID"8

2.2 x 10-'°



3\in«>n

It
H»x

»r>encs

Eu-154
Eu-155
Eu-156
Eu-157
Eu-158

Gadolinium
Gd-145

Gd-146

Gd-147

Gd-148

Gd-149

Gd-151

Gd-152

Gd-153

Gd-159

Terbium
Tb-147
Tb-149

8.80 a
4.% a
15.2 d
15.1 h

0.765 h

0.382 h

48.3d

1.59d

93.0 a

9.40 d

120 d

1.08 x 10 ' 4a

242 d

18.6 h

1.65 h
4.15 h

M
M
M
M
M

F
M
F
M
F
M
F
M
F
M
F
M

F
M
F
M
F
M

M
M

0.005
0.005
0.005
0.005
0.005

0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005

0.005
0.005

1.6 x 10'7

2.6 x 10-8

1.9 x 10-8

2.5 x 1Q-9

4.3 x 10-'°

1.3 x 10-'°
1.8 x 10-'°
2.9 x 1Q-8

2.8 x 1Q-8

2.1 x 10-9

2.8 x 10-9

8.3 x 10-5

3.2 x 1Q-5

2.6 x 10'9
3.6 x 10-9

6.3 x 10'9
4.5 x 10 9

5.9 x W s

2.1 x 1Q-5

1.5 x 10'8
9.9 x 10-9

1.2 x 1Q-9

2.2 x 10-9

6.7 x lO'10

2.1 x 10'8

5.0 x ID'4

5.0 x ID'4

5.0 x 10-4

5.0 x JO'4

5.0 x 10-4

5.0 x 10-4

5.0 x 10-4

5.0 x 10-4

5.0 x 10-4

5.0 x ID'4
5.0 x 10-4

5.0 x ID"4

5.0 x 10-4

5.0 x 10-4

5.0 x 10-4

5.0 x 10-4

5.0 x 10 4

5.0 x 10 4

5.0 x 10 4

5.0 x lO'4
5.0 x 1Q-4

5.0 x 10 4

5.0 x 10-4

5.0 x 10-4

5.0 x 10 4

1.5 x 10-7

2.3 x 1Q-8

1.4 x 10-8

1.9 x 10-9

2.9 x 10-'°

9.6 x 10-"
1.3 x 10-'°
2.3 x ID'8
2.2 x 10-8

1.7 x ur9

2.2 x 10'9

7.6 x 10'5
2.9 x 10~5

2.0 x 10-9

3.0 x ID"9

4.9 x 1Q-9

3.5 x 10 ''
5.4 x 10 s

1.9 x 10-5

1.2 x 10-8

7.9 x IO-9

8.9 x 10'10

1.5 x 1Q-9

4.8 x 10-'°
1.5 x 10 8

9.7 x IQ-8

1.4 x 10-8

7.7 x 10-9

8.9 x 10-'°
1.3 x 10-'°

4.7 x 10-"'
6.2 x 10-"
1.2 x 1Q-8

1.3 x 1Q-8

8.4 X lO'10

1.1 x 1Q-9

4.7 x 1Q-5

1.9 x 10-5

8.0 x 10-'°
1.5 x 1Q-9

2.5 x 1Q-9

2.0 x 10 •"
3.4 x 10 s

1.3 x 10 5

6.5 X 1Q-9

4.8 x |Q-9

3.8 x 10- m

7.3 x 10-'°

2.3 x 10-'°
9.6 x IQ-9

6.5 x 10'*
9.2 x 1Q-9

5.3 x ID'9

5.9 x 10-'°
8.5 x 10-"

2.9 x 10-"
3.9 x 1Q-"
7.8 x 10-9

9.3 x 10-9

5.3 x 10-'°
7.5 x 10-'°
3.2 x 10-5

1.3 x ID"5

5.1 x 10-'°
1.1 x 10~9

1.5 x IQ-9

1.3 x 10 ''
2.4 x 10 s

8.9 x 10 6

3.9 x 10-9

3.1 x 10'9

2.3 x lO'1 0

4.9 x 10-'°

1.5 x 10-'°
6.6 x 10 9

5.6 x 10-8

7.6 x 10-9

4.2 x 10-9

3.5 x 10-'°
5.6 x 10-"

1.7 x 10-"
2.4 x 1Q-"
5.1 x 1Q-9

7.9 x 10'9

3.1 x ID'10

5.1 x 10-'°
2.6 x lO'5
1.2 x 1Q-5

3.1 x 10'10

9.2 x 10-'°
9.2 x 10'10

1.0 x 10-9

1.9 x 10 -s

7.9 x IO-6

2.4 x 1Q-9

2.5 x 1C'9

1.2 x 10 10

3.4 x 10 I0

9.3 x 10-"
5.8 x 10"9

5.3 x 10-8

6.9 x 10-9

3.4 x 10-9

2.8 x 10'10

4.7 x 1Q-"

1.4 x 1Q-"
2.0 x 10-"
4.4 x ID'9
6.4 x ID'9

2.6 x 10-'°
4.0 x ID'10

2.6 x lO'5
1.1 x 1Q-5

2.6 x 10-'°
7.3 x ID'10

7.8 x 10-'°
8.6 x 10-'°
1.9 x 10 "5

8.0 x 1Q-6

2.1 x 10-9

2.1 x 10-9

1.0 x 10-'°
2.7 x 10-'°

7.6 x 10-"
4.9 x lO'9
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Nuclide

Tb-150
Tb-151
Tb-153
Tb-154
Tb-155
Tb-156
Tb-156m
Tb-156m
Tb-157
Tb-158
Tb-160
Tb-161

Dysprosium
Dy-155
Dy-157
Dy-159
Dy-165
Dy-166

Holmium
Ho- 155
Ho- 157

Physical
half-life

3.27 h
17.6 h
2.34 d
21.4 h
5.32d
5.34 d
1.02d
5.00 h

1.50 x 102a
1.50 x 102a

72.3d
6.91 d

10.0 h
8.10 h

144 d
2.33 h
3.40 d

0.800 h
0.210 h

Type

M
M
M
M
M
M
M
M
M
M
M
M

M
M
M
M
M

M
M

Age g < 1 a

f.

0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005

0.005
0.005
0.005
0.005
0.005

0.005
0.005

e(g)

1.0 x
1.6 x
1.4 x
2.7 x
1.4 x
7.0 x
1.1 x
6.2 x
3.2 x
1.1 x
3.2 x
6.6 x

5.6 x
2.4 x
2.1 x
5.2 x
1.2 x

1.7 x
3.4 x

io-9

io-9

io-9

io-9

io-9

io-9

io-9

io-'°
io-9

io-7

io-8

io-9

,0-io

io-'°
io-9

io-'°
10-"

10-m

10-"

f, for
g > 1 a

5.0 x IO-4

5.0 x IO-4

5.0 x IO-4

5.0 x IO-4

5.0 x ID'4

5.0 x IO-4

5.0 x ID'4

5.0 x IO-4

5.0 x IO-4

5.0 x ID'4

5.0 x IO"4

5.0 x IO-4

5.0 x lO'4

5.0 x 10'4

5.0 x IO-4

5.0 x 10 4

5.0 x 10 4

5.0 x 10 4

5.0 x IO-4

Age 1-2 a
e(g)

7.4 x
1.2 x
1.0 x
2.1 x
1.0 x
5.4 x
9.4 x
4.5 x
3.0 x
1.0 x
2.5 x
4.7 x

4.4 x
1.9 x
1.7 x
3.4 x
8.3 x

1.2 x
2.5 x

,0-io

io-9

io-9

io-9

io-9

io-9

10-io
,0-io

io-9

io-7

io-8

io-9

,0-io
,0-io

io-9

10-io

10 '>

,0 io

io-"

Age 2-7 a
e(g)

3.5 x
6.3 x
5.4 x
1.1 x
5.6 x
3.0 x
4.7 x
2.4 x
2.0 x
7.0 x
1.5 x
2.6 x

2.3 x
9.9 x
9.6 x
1.6 x
4.4 x

5.8 x
1.3 x

,0-m
,0-io
,0-io

io-9

,0-m

io-9

,0-io
,0-io

io-9

io-8

io-8

io-9

,0-.o

10-"
,0-io

10-io

10"

io-"
10-"

(tf

Age 7-12 a
e(g)

2.2 x 10-'°
4.2 x 10-'°
3.6 x 10-'°
7.1 x 10-'°
3.4 x 10'10

2.0 x ID'9

3.3 x 10-'°
1.7 x 10-'°
1.4 x IO-9

5.1 x 10'8

1.0 x IO-8

1.9 x 10~9

1.5 x ID'10

6.2 x 10 "
6.0 x 10' l l )

1.1 x 10-'°
3.0 x 10 ''

3.7 x 10-"
8.0 x 10-'2

13) but-v1

Age 12-17 a
e(g)

1.3 x
2.8 x
2.3 x
4.5 x
2.7 x
1.5 x
2.7 x
1.2 x
1.2 x
4.7 x
8.6 x
1.6 x

9.6 x
3.8 x
4.4 x
7.2 x
2.3 x

2.4 x
5.1 x

io-'°
,0-.o
,0-10
,0-io
,0-io

io-9

,0-io
,0-io

io-9

io-8

io-9

io-9

10-"
10-"
10-io

10-"
I O 9

10-"
io-12

ill! JjjL»JI

Age > 17 a
e(g)

1.1 x 10'10

2.3 x ID'10

1.9 x 10-'°
3.6 x 10-'°
2.2 x IO-10

1.2 x ID'9

2.1 x 10-'°
9.6 x IO-11

1.2 x ID"9

4.6 x 10'8

7.0 x 10'9

1.3 x ID'9

7.7 x 10-"
3.0 x 10-"
3.7 x 10'10

6.0 x 10-"
1.9 x IO-9

2.0 x 10-"
4.2 x 10'12
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CM

Ho-159
Ho- 161
Ho- 162
Ho-I62m
Ho- 164
Ho- 164m
H 0-166
Ho- 166m
Ho-167

Erbium
Er-161
Er-165
Er-169
Er-171
Er-172

Thulium
Tm-162
Tm-166
Tm-167
Tm-170
Tm-171
Tm-172
Tm-173
Tm-175

Ytterbium
Yb-162

0.550 h
2.50 h

0.250 h
1.13 h

0.483 h
0.625 h

1.12d
1.20 x 103a

3.10h

3.24 h
10.4 h
9.30 d
7.52 h
2.05 d

0.362 h
7.70 h
9.24 d
129 d
1.92 a
2.65 d
8.24 h

0.253 h

0.315 h

M
M
M
M
M
M
M
M
M

M
M
M
M
M

M
M
M
M
M
M
M
M

M
S

0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005

0.005
0.005
0.005
0.005
0.005

0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005

0.005
0.005

4.6 x 10-"
5.7 x 10-"
2.1 x 1Q-"
1.5 x ID'10

6.8 x 10-"
9.1 x 10-"
6.0 x 1C'9

2.6 x lO'7

5.2 x 10-'°

3.8 x ID'10

7.2 x 10-"
4.7 x ID'9

1.8 x ID'9

6.6 x ID"9

1.3 x 10-'°
1.3 x lO"9

5.6 x ID'9

3.6 x ID'8

6.8 x lO'9

8.4 x lO'9

1.5 x 10'9

1.6 x 10-'°

1.1 x 10-'°
1.2 x 10'10

5.0 x ID'4

5.0 x 10~4

5.0 x 10'4

5.0 x lO'4

5.0 x ID'4

5.0 x 10'4

5.0 x lO'4

5.0 x lO'4

5.0 x ID'4

5.0 x 10-4

5.0 x 1Q-4

5.0 x ID"4

5.0 X ID"4

5.0 x 10-4

5.0 x ID'4

5.0 x JO'4

5.0 x lO'4

5.0 x lO'4

5.0 x lO"4

5.0 x JO'4

5.0 x 10-4

5.0 x 10 4

5.0 x 10-4

5.0 x 10-4

3.3 x 10-"
4.0 x 10-"
1.5 x 10-"
1.1 x ID'10

4.5 x 10-"
5.9 x 10'"
4.0 x lO"9

2.5 x ID'7

3.6 x 10-'°

2.9 x 10-'°
5.3 x 10-"
3.5 x lO'9

1.2 x 10'9

4.7 x ID'9

9.6 x 10-"
9.9 x 10'10

4.1 x ID'9

2.8 x ID'8

5.7 x lO'9

'5.8 x lO'9

1.0 x JO'9

1.1 x 10'10

7.9 x 10'"
8.2 x 10-"

1.7 x 10-"
2.0 x 10-"
7.2 x 10-'2

5.8 x 10-"
2.1 x ID'"
3.0 x 10-"
1.9 x lO'9

1.8 x JO'7

1.8 x lO"10

1.5 x 10-'°
2.6 x 10-"
2.0 x 10'9

5.9 x 10-'°
2.5 x lO'9

4.7 x 10-"
5.2 x JO'10

2.3 x lO'9

1.6 x 10-8

3.4 x lO'9

2.9 x ID'9

5.0 x ID'10

5.0 x 10-"

3.9 x 10-"
4.0 x 10-"

1.1 x 10-"
1.2 x 10-"
4.8 X ID'12

3.8 x 10-"
1.4 x 10-"
2.0 x 10-"
1.2 x ID'9

1.3 x 10-7

1.2 x 10-'°

9.5 x 10-"
1.6 x 10-"
1.5 x 10-9

3.9 x 10-'°
1.7 x ID'9

3.0 x 10-"
3.3 x ID'10

1.7 x 10-9

1.1 x lO'8

2.0 x lO'9

1.9 x ID'9

3.3 x 10-'°
3.3 x 10-"

2.5 x 10-"
2.6 x 10-"

7.5 x ID'12

7.5 x 10-'2

3.4 x 10-'2

2.6 x 10-"
9.9 x ID'12

1.3 x 10-"
7.9 x 10-'°
1.2 x ID'7

8.7 x 10-"

6.0 x 10-"
9.6 x 10-'2

1.3 x 10-9

2.7 x 10-'°
1.4 x 10'9

1.9 x 10-"
2.2 x lO'10

1.4 x 10'9

8.5 x ID'9

1.6 x lO'9

1.4 x lO"9

2.2 x ID'10

2.2 x 10'"

1.6 x 10-"
1.7 x 10'"

6.1 x ID'12

6.0 x 10'12

2.8 x lO'12

2.1 x 10-"
8.4 x 10-12

1.2 x 10-"
6.5 x 10-'°
1.2 x 1C'7

7.1 x 10-"

4.8 x 10-"
7.9 x lO'12

1.0 x lO'9

2.2 x JO'10

1.1 x lO'9

1.6 x 10-"
1.7 x ID"10

1.1 x lO'9

7.0 x lO'9

1.4 x 10'9

1.1 x lO'9

1.8 x ID'10

1.8 x ID'"

1.3 x 10-"
1.4 x 10'"



ooenr-i

Nuclide

Yb-166

Yb-167

Yb-169

Yb-175

"̂  Yb-177

3
«3 Yb-178

Lutetium
Lu-169

Lu-170

Lu-171

Lu-172

Lu-173

(2*13) LuLu«-tjj£JI JjJu^JI

Physical
half-life

2.36 d

0.292 h

32.0 d

4.19 d

1.90 h

1.23 h

1.42 d

2.00 d

8.22 d

6.70 d

1.37 a

Type

M
S
M
S

M
S

M
S

M
S

M
S

M
S
M
S
M
S

M
S
M
S

Age g < 1 a

f.

0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005

0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005

0.005
0.005

e(g)

4.7 x
4.9 x
4.4 x
4.6 x

1.2 x
1.3 x
3.5 x
3.7 x
5.0 x
5.3 x
5.9 x
6.2 x

2.3 x
2.4 x

4.3 x
4.5 x
5.0 x
4.7 x

8.7 x
9.3 x

1.0 x
1.0 x

io-9

io-9

i o - 1 1

10-"
io-8

io-8

io-9

io-9

,0-io
,0-io

io-'°
io-10

io-9

10 -9

io-9

io-9

I O 9

10' ;

io-9

io-9

io-8

10 8

f, for
g > 1 a

5.0 x 10"4

5.0 x IO-4

5.0 x IO- 4

5.0 x IO- 4

5.0 x IO-4

5.0 x IO-4

5.0 x IO-4

5.0 x IO-4

5.0 x lO'4
5.0 x IO- 4

5.0 x IO"4

5.0 x ID'4

5.0 x 10-"
5.0 x 10 4

5.0 x 10 4

5.0 x 10 4

5.0 x 10 4

5.0 x 10 J

5.0 x 10 4

5.0 x I O " 4

5.0 x 10 4

5.0 x 10 4

Age 1-2 a
c(g)

3.5 x IO-9

3.7 x IO-9

3.1 x 10-"
3.2 x 10-"
8.7 x ID'9
9.8 x lO'9

2.5 x 10'9
2.7 x IO-9

3.3 x 10-'°
3.5 x ID'1 0

3.9 x 10-'°
4.1 x 10-'°

1.8 x ID'9

1.9 x 10'9

3.4 x 10"9

3.5 x 10 9

3.7 x 10 9

3.9 x 10 9

6.7 x 10 9

7.1 x IO-9

8.5 x 10 9

8.7 x 10 ''

Age 2-7 a
e(g)

1.9 x 10 9

2.0 x IO- 9

1.6 x 10 "
1.7 x K)-"

5.1 x IO-9

5.9 x IO-9

1.4 x IO-9

1.5 x IO-9

1.6 x lO'10

1.7 x 10-'°
1.8 x 10-'°
1.9 x 10-'°

9.5 x 10 I0

1.0 x 10 9

1.8 x 10 9

1.8 x ID' 9

2.1 x 10 g

2.0 x 10 ''

3.8 x 10 9

4.0 x 10 9

5.1 x 10 9

5.4 x 10 "

Age 7-12 a
e(g)

1.3 x JO"9

1.3 x ID'9

I . I x 10-"
1.1 x 10-"
3.7 x IO-9

4.2 x IO-9

9.8 x 10-'°
1.1 x IO-9

1.1 x 10-'°
1.2 x 10'10

1.2 x It) '10

1.3 x JO'1 0

6.3 x 10-'°
6.7 x 10-'°
1.2 x 10'9
1.2 x ID'9

1.2 x 10"
1.4 x 10 "

2.6 x 10 9

2.8 x 10"9

3.2 x 10 l)

3.6 x 10 ''

Age 12 17 a
e(g)

9.0 x 10-'°
9.6 x 10"'°
7.9 x 10'12

8.4 X 10'12

3.2 x IO-9

3.7 x IO"9

8.3 x ID'10

9.2 x IO-10

7.8 x 10-"
8.4 x 10'"
8.5 x 10-"
9.1 x 10-"

4.4 x lO"10

4.8 x 10-'°
7.8 x 10-'°
8.2 x IO- 1 0

9.8 x ID' 1 0

I.I x 10 g

1.8 x 10 9

2.0 x 10'9

2.5 x 10 9

2.9 x 10 ''

Age > 17 a
e(g)

7.2 x 10'10

7.7 x ID'10

6.5 x 10-'2
6.9 x 10'12

2.5 x IO-9

3.0 x IO-9

6.5 x ID'10

7.3 x 10-'°
6.4 x 10'"
6.9 x 10-"
7.0 x 10-"
7.5 x 10""

3.5 x ID"10

3.8 x 10-'°
6.3 x 10-'°
6.6 x ID'10

8.0 x lO'10

8.8 x 10'10

1.4 x IO- 9

1.6 x ID'9

2.2 x JO'9
2.4 x IO-9
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Lu-174

Lu-174m

Lu-176

Lu-176m

Lu-177

Lu-177m

Lu-178

Lu-178m

Lu-179

Hafnium
Hf-170

Hf-172

Hf-173

Hf-175

Hf-177m

3.31 a

142 d

3.60 x IO1 0 a

3.68 h

6.71 d

161 d

0.473 h

0.378 h

4.59 h

16.0 h

1.87 a

24.0 h

70.0 d

0.856 h

M
S
M
S
M
S
M
S
M
S
M
S
M
S
M
S
M
S

F
M
F
M
F
M
F
M
F
M

0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005

0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020

1.7 x 10"8

1.6 x ID'8

1.9 x 1Q-8

2.0 x IO-8

1.8 x IO-7

1.5 x IO-7

8.9 x 10-'°
9.3 x 10-'°
5.3 x IO-9

5.7 x IO-9

5.8 x ID'8
6.5 x 10~8

2.3 x 10-'°
2.4 x ID'10

2.6 x ID'10

2.7 x 10'10

9.9 x ID'10

1.0 x IO-9

1.4 x ID'9
2.2 x ID'9

1.5 x IO-7

8.1 x lO'8

6.6 x 10-'°
1.1 x ID'9

5.4 x lO'9

5.8 x JO'9

3.9 x 10-'°
6.5 x 10-'°

5.0 x 10 4

5.0 x 10 4

5.0 x 10 4

5.0 x 10 4

5.0 x 10 4

5.0 x 10'4

5.0 x 10 4

5.0 x 10 4

5.0 x IO-4

5.0 x 1Q-4

5.0 x IO-4

5.0 x 1Q-4

5.0 x IO-4

5.0 x ID'4

5.0 x 10"4

5.0 x IO-4

5.0 x 1Q-4

5.0 x IO-4

0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002

.5 x 10""

.4 x 10 8

.4 x IO" 8

.5 x IO'8

.7 x 10 7

.4 x IO'7

5.9 x 10'10

6.2 x 10 I0

3.8 x 10'9
4.1 x 10'9

4.6 x 10'8
5.3 x 10'8

1.5 x 10'10

1.5 x 10'10

1.8 x ID'10

1.9 x 10-'°
6.5 x 10-'°
6.8 x 10'10

1.1 x IO'9
1.7 x 10'9

1.3 x 10'7
6.9 x 10'8

5.0 x IO'10

8.2 x IO'10

4.0 x 10'9
4.5 x 10'9

2.8 x 10'10

4.7 x 10-'°

9.1 x I0-y

8.9 x 10 "
8.6 x 1Q-9

9.2 x ID'9

1.1 x 10 7

9.4 x ID"8

2.8 x 10-'°
3.0 x 10-'°
2.2 x IO-9

2.4 x 10~9

2.8 x ID'8
3.2 x 10"8

6.6 x 10-"
6.9 x 10'"
8.3 x 10-"
8.7 x 10-"
3.0 x 10-'°
3.2 x 10-'°

5.4 x 10-'°
8.7 x ID'10

7.8 x ID'8
4.3 x ID'8

2.5 x 10-'°
4.3 x 10-'°
2.1 x JO'9
2.6 x 10'9

1.3 x 10-'°
2.3 x 10 I0

5.8 x JO'9
5.9 x IO'9

5.4 x ID'9

6.1 x 10"9

7.8 x 1Q-R

6.5 x ID'8

1.9 x 10-'°
2.0 x 10-'°
1.6 x 10'9
1.7 x 1C'9

1.9 x ID'8
2.3 x JO'8

4.3 x 10-"
4.5 x 10-"
5.6 x 10-"
5.8 x 10-"
2.0 x 10-'°
2.1 x 10-'°

3.4 x 10-'°
5.8 x 10-'°
4.9 x ID'8
2.8 x 1Q-8

1.5 x 10-'°
2.9 x 10-'°
1.3 x fo'9

1.8 x ID"9

8.5 x 1Q-"
1.5 x lO'1 0

4.7 X IO-9

4.9 X IO- 9

4.3 x ID"9

5.0 x 10'9

7.1 x ID'8
5.9 x IO-8

1.2 x 10-'°
1.2 x 10-'°
1.4 x IO-9

1.5 x IO-9

1.6 x 10"8

2.0 x ID'8

2.9 x 10-"
3.0 x 10-"
3.8 x 10-"
4.0 x 10-"
1.2 x ID'10

1.3 x 10-'°

2.0 x 10-'°
3.9 x 10-'°
3.5 x ID'8
2.3 x 10'8

8.9 x 10-"
2.0 x 10-'°
8.5 x 10-'°
1.4 x ID'9

5.2 x 10-"
1.1 x 10-'°

4.2 x IO-9

4.2 x lO'9

3.7 x IO-9

4.2 x IO-9

7.0 x 10'8
5.6 x ID'8

.1 x ID'10

.2 x 10-'°

.1 x 1C'9

.2 x ID'9

.3 x 10~8

.6 x ID'8

2.4 x 10-"
2.6 x 10'"
3.2 x 10'"
3.3 x 10-"
1.1 x ID"10

1.2 x 10-'°

1.6 x 10-'°
3.2 x 10-'°
3.2 x 10"8

2.0 x ID'8

7.4 x 10-"
1.6 x 10-'°
7.2 x 10-'°
1.2 x 10'9

4.4 x 1Q-"
9.0 x 10~"



§
CM

Nuclide

Hf-178m

Hf-179m

Hf-180m

Hf-181

Hf-182
=|
3 Hf-182m
3
3 Hf-183

Hf-184

Tantalum
Ta-172

Ta-173

Ta-174

Ta-I75

Physical
half-life

31.0a

25.1 d

5.50h

42.4 d

9.00 X 106a

1.02h

1.07 h

4.12 h

0.613 h

3.65 h

1.20h

10.5 h

Type

F
M
F
M
F
M
F
M
F
M
F
M
F
M
F
M

M
S
M
S
M
S
M
S

Ag

fi

0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020

0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010

;e g £ 1 a

e(g)

6.2 x lO'7
2.6 x IO-7

9.7 x IO'9
1.7 x 10-"
5.4 x IO-10

9.1 x lO'10

1.3 x ID'8
2.2 x IO-8

6.5 x ID'7
2.4 x lO"7

1.9 x 10-'°
3.2 x ID"10

2.5 x 10-'°
4.4 x ID'10

1.4 x 10'9
2.6 x IO-9

2.8 x ID'10

2.9 x 10-'°
8.8 x lO'10

9.2 x lO'10

3.2 x 10-'°
3.4 x 10-'°
9.1 x 10-'°
9.5 x 10-'°

f, for
g > 1 a

0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002

0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001

Age 1-2 a
e(g)

5.8 x 10'7
2.4 x 10'7

6.8 x IO-9

1.3 x IO-8

4.1 x IO-10

6.8 x 10'10

9.6 x IO-9

1.7 x IO-8

6.2 x IO-7

2.3 x ID'7

1.4 x 10-'°
2.3 x 10-'°
1.7 x lO'10

3.0 x 10-'°
9.6 x ID'10

1.8 x ID'9

1.9 x 10-'°
2.0 x lO'10

6.2 x IO'10

6.5 x 10-'°
2.2 x JO'10

2.3 x 10-'°
7.0 x 10-'°
7.3 x IO-10

Age 2-7 a
e(g)

4.0 x 10'7
1.7 x 10'7

3.4 x 1C'9
7.6 x IO'9

2.0 x 10'10

3.6 x 10'10

4.8 x ID'9
9.9 x 10"9

4.4 x ID'7
1.7 x 10'7

6.6 x 10-"
1.2 x lO'10

7.9 x 10-"
1.5 x 10'10

4.3 x 10'10

8.9 x 10'10

9.3 x 10'"
9.8 x 10'"
3.0 x IO'10

3.2 x ID'10

1.1 x 10'10

1.1 x 10'10

3.7 x IO'10

3.8 x IO'10

(fc

Age 7-12 a
e(g)

3.1 x IO-7

1.3 x IO-7

2.1 x IO-9

5.5 x 1C'9

1.3 x 10-'°
2.4 x 10-'°
2.8 x ID'9
7.1 x 10'9

3.6 x 1C'7
1.3 x 1Q-7

4.2 x 10-"
7.8 x 10-"
4.9 x 10-"
9.8 x 1Q-"
2.7 x ID'10

5.9 x JO'10

6.0 x ID'11

6.3 x 10-"
2.0 x 10-'°
2.1 x ID'10

7.1 x 10-"
7.5 x 10-"
2.4 x 10-'°
2.5 x 10 I0

U) UuL«-,_il

Age 12-17 a
e(g)

2.7 x ID'7
1.2 x ID'7

1.2 x IO-9

4.8 x 10'9

7.2 x 10'"
1.7 x 10-'°
1.7 x 10'9
6.3 x 10'9

3.1 x ID'7
1.3 x 10'7

2.6 x 10-"
5.6 x 10-"
2.8 x 10'"
7.0 x 10-"
1.4 x IO-10

4.0 x 10'10

4.0 x 10-"
4.2 x 10-"
1.3 x 10-'°
1.4 x 10'10

5.0 x 10-"
5.3 x 10-"
1.5 x 10-'°
1.6 x 10'10

W Jja»J|

Age > 17 a
e(g)

2.6 x IO-7

1.2 x IO-7

1.1 x IO-9

3.8 x ID'9

5.9 x 10-"
1.3 x 10'10

1.4 x 1C'9
5.0 x IO-9

3.1 x ID'7
1.3 x ID'7

2.1 x 10-"
4.6 x 10-"
2.4 x 10-"
5.7 x 10-"
1.2 x ID"10

3.3 x 10-'°

3.3 x 10-"
3.5 x 10-"
I.I x 10-'°
1.1 x 10-'°
4.1 x 10-"
4.3 x 10-"
1.2 x lO'10

1.3 x 10-'°



Ta-176

Ta-177

Ta-178

Ta-179

Ta-180

5 Ta-180m

V
Ta-182

A
•> Ta-182m

JJ
T- Ta-183

!»
'* Ta-184

Ta-185

Ta-186

Tungsten
W-176
W-177

*H W-178

8.08 h

2.36 d

2.20 h

1.82 a

1.00 x 1013a

8.10H

115 d

0.264 h

5.10d

8.70 h

0.816 h

0.175 h

2.30 h
2.25 h
21.7 d

M
S
M
S
M
S
M
S
M
S
M
S
M
S
M
S
M
S
M
S
M
S
M
S

F
F
F

0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010

0.600
0.600
0.600

1.4 x lO'9
1.4 x 10-9

6.5 x 10-'°
6.9 x ID'10

4.4 x 10-'°
4.6 x ID"10

1.2 x 10-9

2.4 x 10-9

2.7 x ID'8
7.0 x 10'8

3.1 x 10-'°
3.3 x 10-'°
3.2 x ID'8
4.2 x 10'8

1.6 x 10-'°
1.6 x 10-'°
1.0 x 1Q-8

1.1 x ID'8

3.2 x ID'9
3.4 x 10-9

3.8 x 10-'°
4.0 x 10-'°
1.6 x 10'10

1.6 x lO'10

3.3 x 10-'°
2.0 x 10-'°
7.2 x ID"10

0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001

0.300
0.300
0.300

1.1 X
l . l X

4.7 x-
5.0 x
3.3 x
3.4 x
9.6 x
2.1 x
2.2 x
6.5 x
2.2 x
2.3 x
2.6 x
3.4 x
1.1 x
1.1 x
7.4 x
8.0 x
2.3 x
2.4 x
2.5 x
2.6 x
1.1 x
1.1 x

2.7 x
1.6 x
5.4 x

!0-9

10 -9

,0-io
io-'°
io-'°
io-'°
io-'°
10 -9

io-8

lO'8
,0-io
I0-io

ID'8
ID'8

io-'°
,0-.o

io-9

io-9

io-9

I O 9

,0-io
,0-.o

10-io
,0-io

10-i()

io-'°
,0-io

5.7 x
5.9 x
2.5 x
2.7 x
1.7 x
1.8 x
5.5 x
1.3 x
1.3 x
4.5 x
1.1 x
1.2 x
1.5 x
2.1 x
4.9 x
5.2 x
4.1 x
4.5 x
1.1 x
1.2 x
1.2 x
1.2 x
4.8 x
5.0 x

1.4 x
8.2 x
2.5 x

10-io
,0-io
,0-io
,0-io
I0-io
,0-m
10-io
io-9

io-8

10 8

I 0 - io
I0-io

io-8

io-8

10-"
10-"
io-9

io-9

io-9

I O 9

10-io
io-'°
io-"
10-"

,0-m

io-"
,0-10

3.7 x ID'10

3.8 x 10 -|0

1.5 x lO'10

1.7 x 10'10

1.1 x 10'10

1.2 x 10-'°
3.5 x 10-'°
8.3 x 10-'°
9.2 x ID'9
3.1 x ID'8

7.4 x 10-"
7.9 x 10'"
1.1 x IO-8

1.5 x 10'8

3.4 x 10-"
3.6 x 10-"
2.9 x 10'9
3.2 x ID'9

7.5 x ID'10

7.9 x 10-'°
7.7 x 10'"
8.2 x 10-"
3.1 x 10-"
3.2 x 1Q-"

8.6 x 10-"
5.1 x 10-"
1.6 x 10-'°

2.4 x
2.5 x
1.2 x
1.3 x
8.0 x
8.5 x
2.6 x
6.4 x
7.9 x
2.8 x
4.8 x
5.2 x
9.5 x
1.3 x
2.4 x
2.5 x
2.4 x
2.7 x
5.0 x
5.4 x
5.4 x
5.7 x
2.0 x
2.1 x

5.0 x
3.0 x
8.7 x

,0-io
,0-io

io-'°
,0-io

10-"
10-"
io-'°
,0-io

io-9

10'8

10-"
10-"
io-9

lO'8

10-"
10-"
io-9

io-9

10-io
,0-io

10-"
10-"
10-"
10-"

10-"
10-"
to-"

1.9 x 10-'°
2.0 x ID'10

9.6 x 10-"
1.1 x 10'10

6.5 x 10-"
6.8 x 10-"
2.2 x lO'10

5.6 x 10-'°
6.4 x JO"9

2.6 x 10'8

4.4 x 10-"
4.2 x 10-"
7.6 x ID'9
1.0 x 10'8

2.0 x 10-"
2.1 x 10'"
1.9 x 10'9
2.1 x ID'9

4.1 x 10-'°
4.3 x lO'10

4.5 x 10-"
4.8 x 10-"
1.7 x 10-"
1.8 x 10-"

4.1 x 10-"
2.4 x 10-"
7.2 x 10'"



5?CN

a
•3

(ftils) LuLo,-^,liJI JjjusJI

Nuclide

W-179
W-181
W-185
W-187
W-188
Rhenium
Re- 177

Re- 178

Re-181

Re- 182

Re- 182

Re- 184

Re- 184m

Re- 186

Re- 1 86m

Physical
half-life

0.625 h
121 d

75.1 d
23.9 h
69.4 d

0.233 h

0.220 h

20.0 h

2.67 d

12.7 h

38.0 d

165 d

3.78 d

2.00 x 10s a

Type

F
F
F
F
F

F
M
F
M
F
M
F
M
F
M
F
M
F
M
F
M
F
M

Age g < 1 a

f,

0.600
0.600
0.600
0.600
0.600

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

e(g)

9.3 x 1Q-'2

2.5 x 10'10

1.4 x lO'9

2.0 x lO'9

7.1 x 10-9

9.4 x 10-"
1.1 x 10-'°
9.9 x 10-"
1.3 x 10-'°
2.0 x 10'9
2.1 x 10-9

6.5 x 10'9
8.7 x ID'9

1.3 x 10'9

1.4 x 10-9

4.1 x 10-9

9.1 x ID'9

6.6 x 1Q-9

2.9 x 10-8

7.3 x 10~9

8.7 x 10 9

1.2 x 10 H

5.9 x 10'8

f, for
g > 1 a

0.300
0.300
0.300
0.300
0.300

0.800
0.800
0.800
0.800
0.800
0.800
0.800
0.800
0.800
0.800
0.800
0.800
0.800
0.800
0.800
0.800
0.800
0.800

Age 1-2 a
e(g)

6.8 x lO' 1 2

1.9 x 10-'°
1.0 x 10-9

1.5 x 10~9

5.0 x 1Q-9

6.7 x 10-u

7.9 x 10-"
6.8 x 10-"
8.5 x 10-"
1.4 x 1Q-9

1.5 x 1Q-9

4.7 x 10-9

6.3 x 10-9

1.0 x 1Q-9

I.I x 10-9

2.9 x 10-9

6.8 x 10-9

4.6 x 10'9

2.2 x 1Q-8

4.7 x 1Q-9

5.7 x 10-9

7.0 x 10 9

4.6 x 10 K

Age 2-7 a
e(g)

3.3 x 10 12

9.2 x 10-"
4.4 x lO'1"
7.0 x 10-'°
2.2 x 10-9

3.2 x 10'"
3.9 x 10-"
3.1 x 10-"
3.9 x 10-"
6.7 x 10'10

7.4 x 10-'°
2.2 x lO'9
3.4 x 10-9

4.9 x 10'10

5.7 X 10'10

1.4 x lO'9

4.0 x 10'9

2.0 x 10 9

1.3 x 10'8

2.0 x 10 9

2.8 x 10 9

2.9 x 10 ''
2.7 x 10 8

Age 7-12 a
e(g)

2.0 x 10 l2

5.7 x 10-"
2.7 x 10-' (>

4.3 x lO'1 0

1.3 x ID'9

1.9 x 10-"
2.5 x 10-"
1.9 x 10-"
2.6 x 10-"
3.8 x ID'1 0

4.6 x 10'10

1.3 x ID'9
2.2 x ID'9

2.8 x 10-'°
3.6 x 10-'°
8.6 x lO'10

2.8 x 10-9

1.2 x 10-9

9.3 x 10 9

1.1 x 10-9

1.8 x 10 9

1.7 x 10 ';

1.8 x 10 K

Age 12-17 a
c(g)

1.2 x 1Q- ' 2

3.2 x 10-"
1.4 x lO'1 0

2.3 x 10'm

6.8 x 10-'°

1.2 x 10-"
1.7 x 10-"
1.2 x 10-"
1.7 x 10-"
2.3 x 10-'°
3.1 x 10 !0

8.0 x 10'10

1.5 x 10 9

1.7 x 10-'°
2.5 x 10-'°
5.4 x 10-'°
2.4 x 1Q-9

7.3 x 10-'°
8.1 x 10 9

6.6 x 10-'°
1.4 x 10 9

1.0 x 10 •''
1.4 x 10 s

Age > 17 a
e(g)

9.2 x 1Q-'3

2.7 x 1Q-"
1.2 X 10-'°
1.9 x 10-'°
5.7 x 10-'°

9.7 x 10-12

1.4 x 10-"
1.0 x 10-"
1.4 x 10-"
1.8 x ID'10

2.5 x 10-'°
6.4 x 10-'°
1.2 x 10-9

1.4 x ID'10

2.0 x ID'10

4.4 x 10"10

1.9 x 10"9

5.9 x lO'10

6.5 x 10-9

5.2 x 10-'°
1.1 x 10-9

8.3 x lO"1 0

1.2 x 10 8



Re-187 5.00 x IO1 0 a

Re-188 17.0 h

Re-188m 0.310 h

Re-189 1.01 d

Osmium
Os-180 0.366 h

3
\

Os-181 1.75 h
3*l
«>
" Os-182 22.0 h

1
<J
.3 Os-185 94.0 d

Os-189m 6.00 h

Os-191 15.4 d

Os-191m 13.0 h
co
S

F
M
F
M
F
M
F
M

F
M
S
F
M
S
F
M
S
F
M
S
F
M
S
F
M
S
F
M
S

1.000
1.000

.000

.000

.000

.000

.000

.000

0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020

2.6 x
5.7 x
6.5 x
6.0 x
1.4 x
1.3 x
3.7 x
3.9 x

7.1 x
1.1 x
1.1 x
3.0 x
4.5 x
4.7 x
1.6 x
2.5 x
2.6 x
7.2 x
6.6 x
7.0 x
3.8 x
6.5 x
6.8 x
2.8 x
8.0 x
9.0 x
3.0 x
7.8 x
8.5 x

10-"
10-"
io-9

io-9

,0- io
,0- io

I O 9

io-9

10-"
,0-u)
,0-io
JQ- .O
,0-10
10-io

io-9

io-9

io-9

io-9

io-9

io-9

10-"
10-"
10-"
io-9

io-9

io-9

10-io
,0-10
io-'°

0.800
0.800
0.800
0.800
0.800
0.800
0.800
0.800

0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010

1.6 x 10-"
4.1 x 1Q-"
4.4 x ID'9
4.0 x 1Q-9

9.1 x 10-"
8.6 x 10'"
2.5 x IO-9

2.6 x IO-9

5.3 x 10 "
7.9 x 10'"
8.2 x 10-"
2.3 x 10-'°
3.4 x 10-'°
3.6 x 10-'°
1.2 x IO-9

1.9 x ID'9
2.0 x 1Q-9

5.8 x 1Q-9

5.4 x IO-9

5.8 x IO-9

2.8 x 1Q-"
4.1 x 1Q-"
4.3 x 1Q-"
1.9 x ID'9
5.8 x IO-9

6.5 x ID'9

2.0 x 10-'°
5.4 x 10-'°
6.0 x 10-'°

6.8 x
2.0 x
1.9 x
1.8 x
4.0 x
4.0 x
1.1 x
1.2 x

2.6 x
3.9 x
4.1 x
1.1 x
1.8 x
1.8 X
6.0 x
1.0 x
1.0 x
3.1 x
2.9 x
3.6 x
1.2 x
1.8 x
1.9 x
8.5 x
3.4 x
3.9 x
8.8 x
3.1 x
3.4 x

to - 1 2

10 "
io-9

io-9

10-"
10 "
io-l)

io-g

10 "
10 "
10-"
, 0 - iQ
,0-10
I0-io
lO-io
io-9

io-9

io-9

io-9

io-9

10-"
10-"
10-"
lO- io
io-9

io-9

10-"
l O - i o
1 0 - i o

3.8 x
1.2 x
1.0 x
1.0 x
2.1 x
2.7 x
5.8 x
7.6 x

1.6 x
2.5 x
2.6 x
7.0 x
1.1 x
1.2 x
3.7 x
6.6 x
6.9 x
1.9 x
2.0 x
2.4 x
7.0 x
1.1 x
1.2 x
5.3 x
2.4 x
2.7 x
5.4 x
2.1 x
2.4 x

i o - 1 2
10-n

io-9

io-9

10-"
io-"
,0-,o
,0-io

10 "
10 "
10-"
10-"
,0-10
jO-.o
JQ-.O
10-m
I0-io

io-9

io-9

io-9

io-12

10-"
10-"
10-.o
io-9

io-9

10-"
,0 - io
, 0 - i o

2.3 x
7.5 x
6.1 x
6.8 x
1.3 x
1.6 x
3.5 x
5.5 x

I . C ) x
1.7 x
1.8 x
4.1 x
7.6 x
8.1 x
2.1 x
4.5 x
4.8 x
1.2 x
1.5 x
1.9 x
3.5 x
6.0 x
6.3 x
3.0 x
2.0 x
2.3 x
2.9 x
1.7 x
2.0 x

io-1 2

io-1 2

,0-.o
,0-.o

10-"
10 "
, 0 - io
10-,o

10 "
10-"
10-"
10-"
10-"
10-"
10-10
,0-io
,0-10

io-9

io-9

io-9

io-12

io-12

io-12

,0-10
io-9

io-9

10-"
10-.o
,0-io

1.8 x ID'1 2

6.3 x 10'12

4.6 x 10-'°
5.4 x 10-'°
1.0 x 10'"
1.3 x 10-"
2.7 x 10-'°
4.3 x 10-'°

8.2 x 10-'2
1.4 x 1Q-"
1.5 x 10-"
3.3 x 10-"
6.2 x 10'"
6.5 x 10-"
1.7 x 10-'°
3.6 x ID'10

3.8 x 10'10

1.1 x IO-9

1.3 x 1C'9
1.6 x ID'9

2.5 x lO'12

5.0 x ID'12

5.3 x lO"12

2.5 x ID'10

1.7 x IO-9

1.9 x ID'9

2.4 x IQ-"
1.4 x 10-'°
1.6 x 10-tft
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Nuclide

Os-193

Os-194

Iridium
Ir-182

TL

.• Ir-184d
•3

Ir-185

Ir-186

Ir-186

Ir-187

Physical _
half-life Type

1.25 d F
M
S

6.00 a F
M
S

0.250 h F
M
S

3.02 h F
M
S

14.0 h F
M
S

15. 8 h F
M
S

1.75h F
M
S

10.5 h F
M
S

Age g < 1 a

f|

0.020
0.020
0.020
0.020
0.020
0.020

0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020

e(g)

1.9 x IO-9

3.8 x ID'9
4.0 x IO-9

8.7 x IO-8

9.9 x 1Q-8

2.6 x 10'7

1.4 x 10-'°
2.1 x 10-'°
2.2 x 10-'°
5.7 x 10'10

8.6 x 10'10

8.9 x 10-'°
8.0 x 10'10

1.3 x JO'9
1.4 x ID'9

1.5 x ID'9
2.2 x ID'9

2.3 x ID'9

2.1 x lO'10

3.3 x 10-'°
3.4 x 10-'°
3.6 x 10'10

5.8 x 10'10

6.0 x 10-'°

f, for
g > 1 a

0.010
0.010
0.010
0.010
0.010
0.010

0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010

Age 1-2 a
e(g)

1.2
2.6
2.7
6.8
8.3
2.4

9.8
1.4
1.5
4.4
6.4
6.6
6.1
9.7
1.0
1.2
1.7
1.8
1.6
2.4
2.5
2.8
4.3
4.5

x
x
X

X
X
X

X
X
X

X
X
X

X
X
X

X
X
X

X
X
X

X
X
X

io-9

io-9

io-9

io-8

10'"
io-7

10-"
io-'°
,0-io
,0-io
,0-io
,0-io
,0-io
,0-io
io-9

io-9

io-9

io-9

,0-io
,0-io
,0-io
,0-io
,0-io
,0- io

Age 2-7 a
e(g)

5.2 x 10-'°
1.3 x IO-9

1.3 x IO-9

3.4 x 10-"
4.8 x 10 8

1.6 x ID'7

4.5 x 10-"
6.7 x 1Q-"
6.9 x 10-"
2.1 x lO'10

3.2 x JO'10

3.4 x 10-'°
2.9 x 10-'°
4.9 x 10'10

5.2 x ID'10

5.9 x 10-'°
8.8 x 10'10

9.2 x 10-'°
7.7 x 10-"
1.2 x ID'10

1.2 x 10'10

1.4 x 10-'°
2.2 x 10-'°
2.3 x 10-'°

(*'

Age 7-12 a
e(g)

3.2 x ID'10

8.4 x ID'10

9.0 x 10-'°
2.1 x IO-8

3.1 x 10-R

1.1 x IO-7

2.8 x 10-"
4.3 x 10-"
4.4 x 10-"
1.3 x 10-'°
2.1 x ID'10

2.2 x 10-'°
1.8 x 10'10

3.2 x 10-'°
3.4 x 10-'°
3.6 x ID'10

5.8 x 10-'°
6.0 x ID'10

4.8 x 1Q-"
7.7 x 10-"
8.1 x 10-"
8.2 x 10-"
1.4 x 10-'°
1.5 x 10-'°

15) UuU-^l

Age 12-17 a
e(g)

1.8 x IO-10

5.9 x 10-'°
6.4 x IO'10

1.3 x IO-8

2.4 x IO-8

8.8 x 10-"

1.7 x 10-"
2.8 x 10-"
2.9 x 10-"
7.6 x 10-"
1.4 x 10-'°
1.4 x 10-'°
1.0 x 10'10

2.2 x 10-'°
2.3 x lO'10

2.1 x 10-'°
3.8 x 10-'°
4.0 x 10-'°
2.8 x 10-"
5.1 x 10-"
5.4 x 10-"
4.6 x 10-"
9.2 x 10-"
9.7 x 1Q-"

in jjj^Ji
Age > 17 a

e(g)

1.6 x 10-'°
4.8 x 10'10

5.2 x 10-'°
1.1 x JO'8
2.1 x 1Q-8

8.5 x 10'8

1.4 x 10-"
2.3 x 10-"
2.4 x 10-"
6.2 x 10-"
1.1 x lO'10

1.2 x ID'10

8.2 x 10-"
1.8 x ID'10

1.9 x 10-'°
1.7 x ID'10

3.1 x 10-'°
3.2 x 10-'°
2.3 x 10-"
4.2 x 10'"
4.4 x 10-"
3.7 x 10-"
7.4 x 10-"
7.9 x 1Q-"
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Ir-188

Ir-189

Ir-190

Ir-190m

Ir-190m

Ir-192

Ir-192m

Ir-193m

Ir-194

Ir-194m

1.73d F
M
S

13.3d F
M
S

12.1 d F
M
S

3 . 1 0 H F
M
S

1.20 h F
M
S

74.0 d F
M
S

2.41 x IO2 a F
M
S

11.9d F
M
S

19.1 h F
M
S

171 d F
M
S

0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020

2.0 x 10'9
2.7 x 10'9
2.8 x 1Q-9

1.2 x 1C'9
2.7 x ID'9
3.0 x 10'9

6.2 x ID'9
1.1 x 10'8
1.1 x ID'8

4.2 x 10-'°
6.0 x lO'1"
6.2 x 10-'°
3.2 x 10-"
5.7 x 10-"
5.5 x 10-"
1.5 x 10'8
2.3 x ID'8
2.8 x ID'8

2.7 x lO'8
2.3 x 10'8
9.2 x JO'8

1.2 x IO-9

4.8 x ID'9
5.4 x lO'9

2.9 x 10'9
5.3 x IO-9

5.5 x lO"9

3.4 x ID"8

3.9 x IO-8

5.0 x ID'8

0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010

1.6 x ID'9
2.1 x ID'9
2.2 x 10'9

8.2 x lO'10

1.9 x ID'9
2.2 x ID"9

4.7 x JO"9

8.6 x ID'9
9.4 x ID'9

3.4 x 10-'°
4.7 x 10-'°
4.8 x ID'10

2.4 x 10-"
4.2 x 10-"
4.5 x 10-"
1.1 x 10'8
1.8 x lO'8
2.2 x 1C'8

2.3 x ID"8

2.1 x 1C'8

9.1 x lO'8

8.4 x ID'10

3.5 x ID'9
4.0 x ID'9

1.9 x ID'9
3.5 x ID"9

3.7 x IO-9

2.7 x ID'8
3.2 x 10~8

4.2 x IO-8

8.0 x 10'10

1.1 x ID'9
1.2 x ID"9

3.8 x 10'10

1.1 x IO-9

1.3 x IO-9

2.4 x IO-9

4.4 x IO-9

4.8 x 10'9

1.7 x 10-'°
2.4 x 10 I0

2.5 x 10-'°
1.2 x 10-"
2.0 x 10-"
2.2 x 1Q-"
5.7 x IO-9

1.1 x IO-8

1.3 x IO-8

1.4 x IO-8

1.3 x IO-8

6.5 x 10'8

3.7 x ID'10

2.1 x JO'9
2.4 x ID'9

8.1 x 10-'°
1.6 x JO"9

1.7 x IO-9

1.4 x JO'8

1.9 x lO"8

2.6 x JO'8

5.0 x 10-'°
7.5 x 10-'°
7.8 x lO'10

2.4 x lO'10

7.7 x lO'10

8.7 x ID'10

1.5 x ID'9
3.1 x ID'9
3.5 x ID"9

1.0 x 10-'°
1.5 x 10-'°
1.6 x UK10

7.2 x 10-'2
1.4 x 10-"
1.6 x 10'"
3.3 x ID"9

7.6 x 1C'9
9.5 x ID'9

8.2 x IO-9

8.4 x ID'9
4.5 x JO'8

2.2 x ID'10

1.5 x ID'9
1.8 x 10'9

4.9 x 10-'°
1.0 x ID'9
1.1 x ID'9

9.5 x ID'9
1.3 x ID'8
1.8 x IO-8

2.9 x 10-'°
5.0 x 10-'°
5.2 x 10-'°
1.3 x 10-'°
6.4 x 10-'°
7.3 x 10-'°
9.1 x 10-'°
2.7 x JO'9
3.0 x IO-9

6.0 x 10-"
9.9 x 10-"
1.0 x ID'10

4.3 x ID'12

1.2 x 10-"
1.3 x 10-"
2.1 x IO-9

6.4 x ID'9

8.1 x ID'9

5.4 x ID'9
6.6 x lO'9
4.0 x 1Q-8

1.2 x 10'10

1.4 x ID'9

1.6 x 10'9

2.5 x ID'10

6.3 x ID'10

6.7 x ID'10

6.2 x ID'9
1.1 x 10'8
1.5 x ID'8

2.4 x 10-'°
4.0 x 10'10

4.2 x 10-'°
1.1 x 10-'°
5.2 x ID'10

6.0 x ID'10

7.7 x ID'10

2.1 x IO-9

2.4 x ID'9

4.9 x 10-"
7.9 x 10-"
8.3 x 10-"
3.6 x ID'12

9.3 x ID'12

1.0 X 10'"
1.8 x JO'9
5.2 x 1C'9
6.6 x 10"9

4.8 x IO-9

5.8 x lO'9
3.9 x 10-'
1.0 x ID'10

1.1 x IO-9

1.3 x ID'9

2.1 x 10'10

5.2 x ID'10

5.6 x ID'10

5.4 x ID'9
9.0 x 10"9

1.3 x JO'8

cs
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Nuclide

Ir-195

Ir-195m

Platinum
Pt-186
Pt-188
Pt-189
Pt-19l
Pt-193
Pt-193m
Pt-195m
Pt-197
Pt-197m
Pt-199
Pt-200

Gold
Au-193

Physical
half-life

2 .50H

3.80h

2.00 h
10.2 d
10.9 h
2.80d
50.0 a
4.33 d
4.02 d
18.3 h
1.57 h

0.513 h
12.5 h

17. 6 h

Type

F
M
S
F
M
S

F
F
F
F
F
F
F
F
F
F
F

F
M
S

Age
c

0.020
0.020
0.020
0.020
0.020
0.020

0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020

0.200
0.200
0.200

g < 1 a

e(g)

2.9 x 10-'°
5.4 x 10 In

5.7 x 10 10

6.9 x 10' !0

1.2 x 10 9

1.3 x 10-9

3.0 x 10-'°
3.6 x lO"9

3.8 x 10-'°
1.1 x ID'9

2.2 x 10 I0

1.6 x 10-9

2.2 x 10-9

1.1 x 1Q-9

2.8 x 10-'°
1.3 x 10-'°
2.6 x ID'9

3.7 x 10'10

7.5 x 10'10

7.9 x 10 I0

f, for
g > 1 a

0.010
0.010
0.010
0.010
0.010
0.010

0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010

0.100
0.100
0.100

Age 1-2 a

1.9 x 10 m

3.6 x 10"'°
3.8 x 10 "'
4.8 x 10 • '"
8.6 x 10 m

9.0 x 10 I0

2.4 x 10-'°
2.7 x 1Q-9

2.9 x 10 I0

7.9 X 10-'°
1.6 x 10-'°
1.0 x 10-9

1.5 x 10 9

7.3 x 10 - | 0

1.8 x 10-'°
8.3 x 10-"
1.7 x ID'9

2.8 x 10-'°
5.6 x 10'10

5.9 x 10 10

Age 2-7 a
e(g)

8.i x H)-"
1.7 x 10"'
1.8 x 10 "'
2.i x 10 '"
4.2 x 10 I0

4.4 x 10 I0

1.2 x 10-'°
1.3 x 10"9

1.4 x 10 I0

3.7 x 10"'°
7.2 x 1Q-"
4.5 x 10'10

6.4 x 10"1

3.1 x 10-'°
7.9 x 10 ""
3.6 x 1Q-"
7.2 x 10-'°

1.3 x lO ' 1 0

2.8 x 10'10

3.0 x 10 m

Age 7-12 a
e(g)

5.1 x 10 "
1.1 x 10 m

1.2 x 10 m

1.3 x 10 I0

2.7 x 10 l(1

2.9 x 10 I0

7.2 X 10'"
8.4 X 10'10

8.4 x 10 "
2.3 x 10-'°
4.3 x 1Q-"
2.7 x 10-'°
3.9 x ID ' 1 0

1.9 x 10 10

4.9 X 10 "
2.3 X 10-"
5.1 x 10'10

7.9 x 10'"
1.9 x 10 I0

2.0 x l ( ) - ' °

Age 12-17 a
e(g)

2.9 x 10"
8.1 x 10'"
8.7 x 10 "
7.2 x 10"
1.9 x 10 l(1

2.0 x 10' I0

4.1 X 1Q-"
5.0 X ID'1 0

4.7 x 10-"
1.3 x ID'10

2.5 x 10 "
1.4 x ID"1 0

2.1 x lO'10

1.0 x 10-'°
2.8 x 10-"
1.4 x 1Q-"

2.6 X 10-'°

4.3 x 10'"
1.4 x 10 -|0

1.5 x 10-'°

Age > 17 a
e(g)

2.4 x IQ-"
6.7 x 10-"
7.1 x 10""
6.0 x 10 "
1.6 x ID'1 0

1.7 x 10-'°

3.3 x 10-"
4.2 X ID'10

3.8 x 10-"
1.1 x 10-'°
2.1 x 10-"
1.2 x 10"'°
1.8 x ID'1 0

8.5 x 10-"
2.4 x 10-"
1.2 x 10-"
2.2 x 10-'°

3.6 x 10-"
1.1 x 10 10

1.2 x JO'1 0
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\*

Au-194

Au-195

Au-198

Au-198m

Au-199

Au-200

Au-200m

Au-201

Mercury
Hg-193
(organic)

Hg-193
(inorganic)

1.65d F
M
S

183 d F
M
S

2.69 d F
M
S

2.30d F
M
S

3.14 d F
M
S

0.807 h F
M
S

18.7 h F
M
S

0.440 h F
M
S

3.50 h F

3.50 h F
M

0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200

0.800

0.040
0.040

1.2 x
1.7 x
1.7 x
7.2 x
5.2 x
8.1 x
2.4 x
5.0 x
5.4 x
3.3 x
8.7 x
9.5 x
1.1 x
3.4 x
3.8 x
1.9 x
3.2 x
3.4 x
2.7 x
4.8 x
5.1 x
9.0 x
1.5 x
1.5 x

2.2 x

2.7 x
5.3 x

io-9

io-9

io-9

, 0 - i o
io-9

io-9

10 9

io-9

io- 9

10 9

10 9

10 9

io-9

io-9

io-9

,0-m
,0-io
10-io

io-9

io-9

10 -9

10-"
,0-io
I0-io

,0- io

10-io
10-io

0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100

0.400

0.020
0.020

9.6 x
1.4 x
1.4 x
5.3 x
4.1 x
6.6 X
1.7 x
4.1 x
4.4 x
2.4 X
6.5 x
7.1 x
7.9 x
2.5 x
2.8 x
1.2 x
2.1 x
2.1 x
2.1 x
3.7 x
3.9 x
5.7 x
9.6 x
1.0 x

1.8 x

2.0 x
3.8 x

, 0 - i o
10 -9

io-9

m- io
10 "9

io-9

10 -9

I O 9

10 9

10 9

10 "
io-9

1 0 - i o
10-'
io-9

,0-io
10 1(1

,0-10

io-9

10 -9

io-9

10-"
10-"
,0-10

1 0-io

lO- io
m- io

4.9 x
7.1 x
7.3 x
2.5 x
2.4 x
3.9 x
7.6 x
1.9 x
2.0 x
1.1 x
3.6 x
4.0 x
3.5 x
1.4 x
1.6 X
5.2 x
9.3 x
9.8 x
1.0 x
1.9 x
2.0 x
2.5 x
4.3 x
4.5 x

8.2 x

8.9 x
1.9 x

io- '°
,0-.o
,0-io
, 0 - i o
I O 9

io-9

10 "'
H ) 9

I O 9

10 9

1 0 "
10"
1 0 - i °
io-9

io-9

i o - ; i

10 "
10 "
io-9

10 9

io-' ;
10'"
10-"
10-"

10-"

lO '"
,0-io

3.0 x
4.6 x
4.7 x
1.5 x
1.6 x
2.6 x
4.7 x
1.3 x
1.4 x
6.9 x
2.6 x
2.9 x
2.2 x
1.0 x
1.2 x
3.2 x
6.0 x
6.3 x
6.4 x
1.2 x
1.3 x
1.6 x
2.9 x
3.0 x

5.0 x

5.5 x
1.3 x

,0 10
,0-m
10-.o
, 0 - io
io-9

io-9

,0- io
10 9

io-9

10 • ' «
10"
I O 9

10 10

io-9

io-9

io- ' 1

10-"
10-"
,0-io
io-9

10 9

10-"
10-"
10-"

10-"

10-"
10-io

1.8 x
2.9 x
3.0 x
8.1 x
1.4 x
2.1 x
2.5 x
9.7 x
l . l x
3.7 x
2.2 x
2.5 x
1.1 x
9.0 x
1.0 x
1.9 x
4.0 x
4.2 x
3.6 x
8.4 x
8.9 x
1.0 x
2.0 x
2.1 x

2.9 x

3.1 x
9.2 x

10-io
, 0 - io
lO- io

10 "
io-9

io-9

,0-m
io-10

io-9

, 0 - io
I O 9

io-*
10 I0

,0-io
io-9

10-"
10-"
10-"
io-'°
10-io
,0- io

io-"
10-"
10-"

10-"

10-"
10-"

1.4 x
2.3 x
2.4 x
6.6 x
1.1 x
1.7 x
2.1 x
7.8 x
8.6 x
3.2 x
!.8 x
2.0 x
9.8 x
7.1 x
7.9 x
1.6 x
3.3 x
3.5 x
2.9 x
6.8 x
7.2 x
8.7 x
1.7 x
1.7 x

2.4 x

2.6 x
7.5 x

, 0- io
10-.o
10-io

10-"
io-9

io-9

,0-io
io-'°
io-'°
io-'°
io-9

io-9

io-"
io-'°
io-'°
10-"
10-"
10-"
io-'°
,0-io
,0-io

io-12

10-"
10-"

10-"

10-"
10-"

CM



COa

3
•3

Nuclide

Hg-193m
(organic)
Hg-193m
(inorganic)
Hg-194
(organic)
Hg-194
(inorganic)
Hg-195
(organic)
Hg-195
(inorganic)
Hg-195m
(organic)
Hg-195m
(inorganic)
Hg-197
(organic)
Hg-197
(inorganic)
Hg-197m
(organic)
Hg-197m
(inorganic)

Physical
half-life

11.1 h

1 1 . 1 h

2.60 x IO2 a

2.60 x IO2 a

9.90 h

9.90 h

1.73 d

1.73 d

2.67 d

2.67 d

23.8 h

23.8 h

Type

F

F
M
F

F
M
F

F
M
F

F
M
F

F
M
F

F
M

Age

f.

0.800

0.040
0.040
0.800

0.040
0.040
0.800

0.040
0.040
0.800

0.040
0.040
0.800

0.040
0.040
0.800

0.040
0.040

g =51 a

e(g)

8.4 x 10-'°

I.I x ID"9

1.9 x IO-9

4.9 x ID'8

3.2 x ID'8
2.1 x IO-8

2.0 x 10-'°

2.7 x 10-'°
5.3 x ID'10

1.1 x IO-9

1.6 x IO-9

3.7 x lO'9

4.7 x 10-'°

6.8 x 10'10

1.7 x 10'9

9.3 x 10-'°

1.4 x ID'9

3.5 x IO-9

•T -.

f, for
g > 1 a

0.400

0.020
0.020
0.400

0.020
0.020
0.400

0.020
0.020
0.400

0.020
0.020
0.400

0.020
0.020
0.400

0.020
0.020

Age 1-2 a
e(g)

7.6 x 10-'°

8.5 x 10-'°
1.4 x IO- 9

3.7 x 1Q-8

2.9 x ID'8
1.9 x ID'8

1.8 x 10'10

2.0 x 10-'°
3.9 x 10-'°
9.7 x 10-'°

1.1 x IO-9

2.6 x ID'9

4.0 x ID'1 0

4.7 x 10-'°
1.2 x IO-9

7.8 x 10'10

9.3 x 10-'°
2.5 x ID'9

Age 2-7 a
e(g)

3.7 x 10-'°

4.1 x 10-'°
7.2 x 10 '"
2.4 x IO'8

2.0 x ID'8
1.3 x IO-8

8.5 x 10-"

9.5 x 10-"
2.0 x 10-'°
4.4 x 10-'°

5.1 x 10'10

1.4 x ID'9

1.8 x 10-'°

2.1 x ID'10

6.6 x 10-'°
3.4 x 10-'°

4.0 x 10-'°
1.1 x ID'9

(&

Age 7-12 a
e(g)

2.2 x 10-'°

2.5 x 10-'°
4.7 x 10 "'
1.9 x IO'8

1.6 x IO-8

1.0 x 10'8

5.1 x 10-"

5.7 x 10-"
1.3 x 10-'°
2.7 x 10-'°

3.1 x 10-'°
8.5 x 10-'°
1.1 x 10-'°

1.3 x 10-'°
4.6 x 10'10

2.1 x 10-'°

2.5 x 10-'°
8.2 x 10-'°

12) UuL«/-£-jl

Age 12-17 a
e(g)

1.3 x 10'10

1.4 x 10- I0

3.2 x I0'10

1.5 x [Q-8

1.4 x IO-8

8.9 x ID'9

2.8 x 10-"

3.1 x 10-"
9.0 x 10-"
1.4 x 10-'°

1.7 x 10-'°
6.7 x 10-'°
5.8 x 10-"

6.8 x 10-"
3.8 x 10-'°
1.1 x 10-'°

1.3 x 10-'°
6.7 x 10-'°

LJ» JjAjJI

Age > 17 a
e(g)

1.0 x 10-'°

1.1 x 10-'°
2.6 x 10'10

1.4 x 1Q-8

1.3 x 10'8
8.3 x ID'9

2.3 x 10-"

2.5 x 10-"
7.3 x 10'"
1.2 x ID'10

1.4 x 10'10

5.3 x 10-'°
4.7 x 10-"

5.6 x 10-"
3.0 x 10-'°
9.6 x 10-"

1.1 x lO'10

5.3 x 10-'°



3
1

4«>«i

Vj•V

rK

Hg-199m
(organic)
Hg-199m
(inorganic)
Hg-203
(organic)
Hg-203
(inorganic)

Thallium
TM94
Tl-194m
Tl-195
Tl-197
Tl-198
Tl-198m
Tl-199
Tl-200
Tl-201
Tl-202
Tl-204

Lead*
Pb-195m

0.710 h

0.710 h

46.6 d

46.6 d

0.550 h
0.546 h

1.16h
2.84 h
5.30 h
1.87h
7.42 h
1.09 d
3.04 d
12.2 d
3.78 a

0.263 h

F

F
M
F

F
M

F
F
F
F
F
F
F
F
F
F
F

F
M
S

0.800

0.040
0.040
0.800

0.040
0.040

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

0.600
0.200
0.020

1.4 x 10'10

1.4 x 10-'°
2.5 x 10-'°
5.7 x ID'9

4.2 x 10'9
1.0 x. 10-"

3.6 x 10-"
1.7 x ID'10

1.3 x ID'10

1.3 x 10-'°
4.7 x 10-'°
3.2 x 10-'°
1.7 x 10-'°
1.0 x ID'9

4.5 x 10-'°
1.5 x 10-9

5.0 x 10-9

1.3 x 10-'°
2.0 x 10'10

2.1 x ID'10

0.400

0.020
0.020
0.400

0.020
0.020

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

0.200
0.100
0.010

9.6 x 10-"

9.6 x 10-"
1.7 x 10-'°
3.7 x JO'9

2.9 x tO-9

7.9 x IO- 9

3.0 x 10-"
1.2 x 10-'°
1.0 x ID'10

9.7 x 10-"
4.0 x ID'10

2.5 x ID'10

1.3 x 10-'°
8.7 x ID'10

3.3 x LO-'°
1.2 x ID'9

3.3 x ID'9

1.0 x 10-'°
1.5 x ID'10

1.5 x 10-10

4.2 x 10-"

4.2 x 10-"
7.9 x 10-"
1.7 x 10-9

1.4 x ID'9
4.7 x 10 9

1.5 x 10-"
6.1 x 10-"
5.3 x 10-"
4.7 x 10-"
2.1 x ID'10

1.2 x ID'10

6.4 x 10-"
4.6 x ID'10

1.5 x 10-'°
5.9 x 10-'°
1.5 x 10-9

4.9 x 10-"
7.1 x 10-"
7.4 x 10-"

2.7 x 10-"

2.7 x 10-"
5.4 x 10-"
1.1 x lO'9

9.0 x 10-'°
3.4 x 10-9

9.2 x 10-12

3.8 x 10-"
3.2 x 10-"
2.9 x 10-"
1.3 x 10-'°
7.5 x 10-"
3.9 x 10-"
2.8 x 10-'°
9.4 x 10-"
3.8 x ID'10

8.8 x 10-'°

3.1 x 10-"
4.6 x 10-"
4.8 x 10-"

1.7 x 1Q-"

1.7 x 10-"
3.8 x 10-"
6.6 x 10-'°

5.5 x 10'10

3.0 x ID'9

5.5 x 10-'2

2.3 x 10-"
1.9 x 10-"
1.7 x 10-"
7.5 x 10'"
4.5 x 10-"
2.3 x 10-"
1.6 x lO'10

5.4 x 10-"
2.3 x ID'10

4.7 x ID'10

1.9 x 10-"
3.1 x 10-"
3.2 x 10-"

1.5 x 10'"

1.5 x 10'"
3.2 x ID'"
5.6 x 10-'°

4.6 x 10-'°
2.4 x ID'9

4.4 x ID'12

1.9 x 10-"
1.5 x 10-"
1.4 x 10-"
6.0 x 10-"
3.7 x 10-"
1.9 X 10-"
1.3 x ID'10

4.4 x 10-"
1.9 x 10-'°
3.9 x ID'10

1.6 x ID'"
2.5 x ID'"
2.7 x 10-"

UU \0



V 1

>
•J

VT i - j PhysicalNuchde , , f l . f Typehalf-life v

Pb-198 2.40 h F
M
S

Pb-199 l . S O h F
M
S

Pb-200 2 1 . 5 h F
M
S

Pb-201 9.40 h F
M
S

Pb-202 3.00 X 105 a F
M
S

Pb-202m 3.62 h F
M
S

Pb-203 2 . 1 7 d F
M
S

Pb-205 1.43 x 107 a F
M
S

Age

f|

0.600
0.200
0.020

0.600
0.200
0.020

0.600
0.200
0.020

0.600
0.200
0.020
0.600
0.200
0.020
0.600
0.200
0.020

0.600
0.200
0.020

0.600
0.200
0.020

g <1 a

e(g)

3.4 x 10-'°
5.0 x 10'10

5.4 x 10'!0

1.9 x lO'1 0

2.8 x 10-'°
2.9 x 10'10

1.1 x 10-9

2.2 x 1Q-9

2.4 x 10-9

4.8 x lO'10

8.0 x 10-'°
8.8 x ID'10

1.9 x ID"8

1.2 x 1Q-8

2.8 X IQ- 8

4.7 x 10-'°
6.9 x 10-'°
7.3 x 10'10

7.2 x 10'10

1.3 x 10"9

1.5 x lO'9

1.1 x 1Q-9

1.1 x 10'9

2.9 x 10-Q

f, for
g > 1 a

0.200
0.100
0.010

0.200
0.100
0.010

0.200
0.100
0.010

0.200
0.100
0.010

0.200
0.100
0.010

0.200
0.100
0.010

0.200
0.100
0.010
0.200
0.100
0.010

Age 1-2 a
e(g)

2.9 x 10-'°
4.0 x 10-'°
4.2 x lO'10

1.6 x 10'10

2.2 x 10 !0

2.3 x 10 10

9.3 x ID'1 0

1.7 x ID'9

1.8 x ID'9

4.1 x 10-'°
6.4 x 10'10

6.7 x 10-'°

1.3 x J O ' 8

8.9 x 10'9

2.8 x 10 8

4.0 x 10'10

5.6 x 10-'°
5.8 x 10'10

5.8 x 10~10

1.0 x ID'9

1.1 x ID'9

6.9 x 10-'°
7.7 x 10'10

2.7 x 10 9

Age 2-7 a
e(g)

1.5 x ID' 10

2.1 x 10-'°
2.2 x 10-'°

8.2 x 1Q-"
1.1 x lO ' 1 0

1.2 x 1Q-'0

4.6 x 10 10

8.6 x 10- '°
9.2 x 10-'°

2.0 x 10-'°
3.3 x 10' in

3.5 x 10'10

8.9 x lO'9

6.2 x 10 9

2.0 x K)-8

2.1 x 10 I0

2.9 x ID'10

3.0 x 10'10

2.8 x 10-'°
5.4 x 10'10

5.8 x 10'10

4.0 x ID'1 0

4.3 x 10"'°
1.7 x 10'9

Age 7-12 a
e(g)

8.9 x 10'"
1.3 x 10-'°
1.4 x 10 10

4.9 x 10 "
7.1 x 10 "
7.4 x 10- "

2.8 x 10'10

5.7 x 10-'°
6.2 x 10 '"

1.2 x 10- 10

2.1 x 10 10

2.2 x 10'10

1.3 x 10 R

6.7 x 10 9

1.4 x 1Q-8

1.3 x IO' 1 0

1.9 x 10 I0

1.9 x l O ' 1 0

1.7 x 1Q-'9

3.6 x ID' 1 0

3.8 x 10-'°

4.1 x 10-'°
3.2 x 10-'°
1.1 x 10 9

Age

5.2
8.3
8.7

2.9
4.5
4.7

1.6
4.1
4.4

7.1
1.4
1.5

1.8
8.7
1.3
7.5
1.2
1.3

9.9
2.5
2.8

4.3
2.9
9.2

12
e(£

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
X

X
X
X

-17 a
!)

10-"
10-"
10-"
10-"
10-"
10 ••"
L O - i o
,0- in
io-'°
10-"
,0- io
,0-io

10'8
10"
10~8

10-"
io-'°
10- 10

1C'"
, 0 - io
,0-10

,0-io
10 ->°
, 0 - m

Age > !7 a
c(g)

4.3 x 1Q-"
6.6 x 10-"
7.0 x 10-"

2.3 x 10-"
3.6 x 10-"
3.7 X 10-"

1.4 x !0-'°
3.3 x lO'10

3.5 x 10"'°

6.0 x 10-"
1.1 x 10'10

1.2 x 10'10

i.i x 10'8

6.3 x 10'9

1.2 x JO' 8

6.2 x 10-"
9.5 x 10-"
1.0 x 10-'°

8.5 x 10-'-'
2.0 x ID'10

2.2 x ID"1 0

3.3 x 10-'°
2.5 x I0"10

8.5 x IO"1 0



3

CN

Pb-209

Pb-210

Pb-211

Pb-2I2

Pb-214

Bismuth
Bi-200

Bi-201

Bi-202

Bi-203

Bi-205

Bi-206

Bi-207

3.25

22.3

0.601

10.6

0.447

0.606

1.80

1.67

11.8

15.3

6.24

38.0

h

a

h

h

h

h

h

h

h

d

d

a

F
M
S
F
M
S
F
M
S
F
M
S
F
M
S

F
M
F
M
F
M
F
M
F
M
F
M
F
M

0.600
0.200
0.020
0.600
0.200
0.020
0.600
0.200
0.020
0.600
0.200
0.020
0.600
0.200
0.020

0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100

1.8 x 10-'°
4.0 x 10-'°
4.4 x 10-'°
4.7 x ID'6
5.0 x IO-6

1.8 x ID'5

2.5 x JO"8

6.2 x IO-8

6.6 x ID'8

1.9 x 1Q-7

6.2 x IO- 7

6.7 x ID'7

2.2 x ID'8
6.4 X 10'8

6.9 x IO-8

1.9 x 10-'°
2.5 x 10-'°
4.0 x ID'1 0

5.5 x IO-1 0

3.4 x 10-'°
4.2 x 10-'°
1.5 x IO-9

2.0 x 10'9

3.0 x ID'9
5.5 x ID'9

6.1 x IO-9

1.0 x 10~8

4.3 x ID'9
2.3 x IO-8

0.200
0.100
0.010
0.200
0.100
0.010
0.200
0.100
O.OiO
0.200
0.100
0.010
0.200
0.100
0.010

0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050

1.2 x lO ' 1 0

2.7 x lO'10

2.9 x ID'1 0

2.9 x IO-6

3.7 x 10"6

1.8 x 10'5

1.7 x IO-8

4.5 x IO-8

4.8 x 10'8

1.2 x IO-7

4.6 x 10 7

5.0 x ID'7

1.5 x ID'8
4.6 x 10"8

5.0 x IO-8

1.5 x 10-'°
;.9 x io-10

3.1 x IO'1 0

4.1 x 10'10

2.8 x 10-'°
3.4 x 10' '"
1.2 x JO'9
1.6 x 1Q-9

2.4 X 1Q-9

4.4 x 10'9

4.8 X ID'9

8.0 x 1Q-9

3.3 x ID'9
2.0 x 10"8

5.3 x
1.3 x
1.4 x
1.5 x
2.2 x
1.1 x
8.7 x
2.5 x
2.7 x
5.4 x
3.0 x
3.3 x
6.9 x
2.6 x
2.8 x

7.4 x
9.9 x
1.5 x
2.0 x
1.5 x
1. 8 x
6.4 x
8.2 x
1.3 x
2.5 x
2.5 x
4.4 x
1.7 x
1.2 x

10-"
1Q-10

,0-io

io-6

io-6

io-5

io-9

io-8

io-8

10 8

10 7

io-7

io-9
,0-8

io-8

10-"
10-"
io-'°
10 '"
io-1"
,0-10
10-io
io- ; 0

io-9

io-9

io-9

io-9

10 9

10 -»

3.4 x
9.2 x
9.9 x
1.4 x
1.5 x
7.2 x
6.1 x
1.9 x
2.0 x
3.5 x
2.2 X
2.5 x
4.8 x
1.9 x
2.1 x

4.5 x
6.3 x
9.3 x
1.3 x
9.0 x
1.1 x
4.0 x
5.3 x
8.0 x
1.6 x
1.6 x
2.9 x
1.0 x
8.2 x

10-"
10-"
10-"
io-6

ID'6
io-6

io-9

io-8

1Q-8

io-8

io-7 ,
io-7

io-9

io-8

io-8

10'"
10-"
10-"
10 m

10-"
,0-m
,0-10
10 io
,0- io
io-9

io-9

io-9

io-9

io-9

1.9 x 10-"
6.9 x 10-"
7.5 x 10-"
i.3 x 10"6

1.3 x ID"6

5.9 x 10"6

4.6 x 1Q-9

1.4 x 1Q-8

1.5 X 10'8

2.0 X IO-8

2.2 x 1Q-7

2.4 X IO-7

3.3 x IO-9

1.4 x IO"8

1.5 x 10'8

2.7 x 10'"
4.1 x 10-"
5.4 x 10'"
8.3 x 10'"
5.3 x 10""
6.9 x 10-"
2.3 x 10-'°
3.3 x 10'10

4.7 x 10'10

1.2 x ID'9

9.1 x lO'10

2.1 x 1Q-9

6.0 x 10'10

6.5 x 1Q-9

1.7 x 10-"
5.6 x 10-"
6.1 x 10-"
9.0 x 1Q-7

1.1 x 10"6

5.6 x 10'6

3.9 x ID'9
1.1 x 1Q-8

1.2 x 10"8

1.8 x ID'8
1.7 x IO-7

1.9 x 1Q-7

2.8 x IQ-9

1.4 x 10"8

1.5 x 1Q-8

2.2 x 10'"
3.3 x 10-"
4.4 x 1Q-"
6.6 x 10-"
4.3 x 10-"
5.5 x 10-"
1.9 x 10-'°
2.6 x 10-'°
3.8 x 10-'°
9.3 x 10-'°
7.4 x JO'10

1.7 x !Q-9

4.9 x 10'10

5.6 x ID'9



CM
10
<N

a•j

Nuclide

Bi-210

Bi-210m

Bi-212

Bi-213

Bi-214

Polonium
Po-203

Po-205

Po-207

Po-210

Physical
half-life

5.01 d

3.00 x 106 a

1.01 h

0.761 h

0.332 h

0.612 h

1.80h

5.83 h

138 d

Type

F
M
F
M
F
M
F
M
F
M

F
M
S

F
M
S
F
M
S
F
M
S

Age

f-

0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100

0.200
0.200
0.020
0.200
0.200
0.020

0.200
0.200
0.020
0.200
0.200
0.020

g <1 a

e(g)

1.1 x 10-8

3.9 x 10-7

4.1 x 10-7

1.5 x lO'5

6.5 x lO'8
1.6 x lO'7

7.7 x 10-8

1.6 x lO'7

5.0 x ID'8
8.7 x 10-8

1.9 x 10-'°
2.7 x lO'10

2.8 x 10-'°
2.6 x 10'10

4.0 x ID"10

4.2 x 10-'°

4.8 x lO'10

6.2 x 10'10

6.6 x 10-'°
7.4 x 10-6

1.5 x ID'5

1.8 x 10'5

f, for
g > 1 a

0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050

0.100
0.100
0.010

0.100
0.100
0.010
0.100
0.100
0.010
0.100
0.100
0.010

Age 1-2 a
c(g)

6.9 x JO'9
3.0 x 10-7

2.6 x lO'7
1.1 x 10'5

4.5 x 10-"
1.1 x 10~7

5.3 x 10-8

1.2 x 1C'7

3.5 x 10~8

6.1 x 10-"

1.5 x 10-'°
2.1 x 10-'°
2.2 x 10'10

2.1 x 10-'°
3.1 x 10'10

3.2 x 10-'°

4.0 x lO'10

5.1 x 10-'°
5.3 x 10-'°
4.8 x 10'6
1.1 x 10'5
1.4 x 10-5

Age 2-7 a
e(g)

3.2 x 10-9

1.9 x 10-7

1.3 x I0"7

7.0 x 1Q-6

2.1 x 10'8
6.0 x 10'8

2.5 x 1Q-8

6.0 x 1Q-8

1.6 x 10'8
3.1 x 10'8

7.7 x 10'"
.1 x 10-'°
.1 x 10-'°
.1 x lO'10

.7 x 10-'°

.8 x 10'10

2.1 x 10-'°
2.6 x ID'10

2.7 x 10-'°

2.2 x lO'6

6.7 x ID'6
8.6 x 1Q-6

(3

Age 7 12 a
e(g)

2.1 x lO'9
1.3 x 10-7

8.3 x 10-8

4.8 x 10-6

1.5 x 10"8

4.4 x 10-8

1.7 x ID'8
4.4 x 10-8

1.1 x 10-8

2.2 x 10-8

4.7 x 10-"
6.7 x 10-"
7.0 x 10-"
6.6 x 10-"
1.1 x 10'10

1.2 x 10-'°
1.3 x 10-'°
1.6 x 10-'°
1.7 x 10-'°

1.3 x ID'6

4.6 x lO'6
5.9 x 10-6

ti) LsuLw-^

Age 12-17 a
e(g)

1.3 x 10'9
1.1 x ID'7

5.6 x 10'8
4.1 x 10'6

1.0 x 10-"
3.8 x 10-8

1.2 x 1Q-8

3.6 x 1Q-8

8.2 x 10'9
1.7 x 10-8

2.8 x 10-"
4.3 x 10-"
4.5 x 10'"
4.1 X 10-"
8.1 X 10-"
8.5 x 10-"
7.3 x 10'"
9.9 x 10-"
1.0 x 10'10

7.7 x 10-7

4.0 x 10-6

5.1 x JO"6

ill JjJLsJI

Age > 17 a
e(g)

1.1 x 10'9
9.3 x ID'8

4.6 x 10-8

3.4 x ID'6

9.1 x 10'9
3.1 x 10'8

1.0 x ID'8
3.0 x 10-8

7.1 x 10-9

1.4 x 10-8

2.3 x IQ-"
3.5 x 10-"
3.6 x 10-"
3.3 x 10-"
6.5 x 10-"
6.9 x 10-"
5.8 x 1Q-"
7.8 x 1Q-"
8.2 x 1Q-"

6.1 x 1Q-7

3.3 x 10'6
4.3 x 10'6



Astatine
At-207 l . S O h

At-211 7.21 h

Francium
Fr-222 0.240 h
Fr-223 0.363 h
Radium9

- Ra-223 1 1 .4 d
3
>
A Ra-224 3.66 d4•>«i

— Ra-225 14.8 d
1*)
^

Ra-226 1.60 x IO3 a

Ra-227 0.703 h

Ra-228 5.75 a

co\f)r*

F
M
F
M

F
F

F
M
S
F
M
S
F
M
S
F
M
S
F
M
S
F
M
S

1.000
1.000
1.000
1.000

1.000
1.000

0.600
0.200
0.020
0.600
0.200
0.020
0.600
0.200
0:020
0.600
0.200
0.020
0.600
0.200
0.020
0.600
0.200
0.020

2.4 x IO-9

9.2 x IO-9

1.4 x IO-7

5.2 x IO-7

9.1 x IO-8

1.1 x ID'8

3.0 x IO-6

2.8 x ID'5
3.2 x IO-5

1.5 x lO'6
1.1 x IO-5

1.2 x 1Q-5

4.0 x 10"6

2.4 x IO-5

2.8 x ID'5

2.6 x JO'6
1.5 x 10'5
3.4 x IO-5

1.5 x IO-9

8.0 x 10-'°
1.0 x IO-9

1.7 x ID'5
1.5 x ID'5

4.9 x 10'5

.-^sr*

1.000
1.000
1.000
1. 000

1.000
1.000

0.200
0.100
0.010
0.200
0.100
0.010
0.200
0.100
0.010
0.200
0.100
0.010
0.200
0.100
0.010
0.200
0.100
0.010

F g.>iU UU

1.7 x IO-9

6.7 x IO-9

9.7 x IO-8

3.7 x IO-7

6.3 x IO'8

7.3 x IO-9

1.0 x 10 6

2.1 x IO-5

2.4 x 10 -5

6.0 x 1Q-7

8.2 x lO'6
9.2 x IO-6

1.2 x 10 6

1.8 x IO-5

2.2 x lO'5

9.4 x ID'7
1.1 x 10 5

2.9 x ID'5

1.2 x ID'9
6.7 x 10-'°
8.5 x 10-'°
5.7 x ID"6

1.0 x 10 -5

4.8 x ID'5

> a ^M j«

8.9
4.3
4.3
1.9

3.0
3.2

4.9
1.3
1.5
2.9
5.3
5.9
5.6
1.1
1.4
5.5
7.0
1.9
7.8
4.4
4.4

3.1
6.3
3.2

f-*jU

x
x
X

X

X

X

X
X
X

X

X
X

X

X
X

X

X

X

X
X
X

X
X
X

J

10-io
io-9

10 8

i o - 7

io-8

io-9

10 7

I O 5

io-5

I O 7

io-6

io-6

I O 7

I O 5

io-5

io-7

10 6

io-5

,0-to
,0-io
,0-io

io-6

1Q-6

io-5

CjljM

5.9 x 10- |n

3.1 x IO-9

2.8 x IQ- K

1.4 x 10'7

2.1 x IO"8

1.9 x ID'9

4.0 x 10 7

9.9 x I0'6
1.1 x IO-5

2.2 x 10 7

3.9 x IO-6

4.4 x IO'6

4.6 x 10'7
8.4 x lO'6
1.0 x 10"5

7.2 x IO- 7

4.9 x 10 6

1.2 x ID'5

6.1 x 10'10

3.2 x ID'10

2.9 x 10-'°
3.6 x IO-6

4.6 x ID'6

2.0 x 10'5

i v>*J ii.iirilU ^

4.0 X 10-'°
2.9 x ID'9

1.7 x 10'8
1.3 x 10'7

1.6 x IO-8

1.0 x 10'9

3.3 x IO-7

9.4 x IO-6

I.I x IO-5

1.7 x IO-7

3.7 x IO-6

4.2 x IO-6

3.8 x 1Q-7

7.9 x ID'6

9.8 x 10'6

1.3 x IO-6

4.5 x 10 6

1.0 x IO-5

5.3 x 10-'°
2.9 x ID'10

2.4 x 10'10

4.6 x 1Q-6

4.4 x 10'6

1.6 x 10'5

H>UI ^ f, a.

3.3 x 10-'°
2.3 x ID'9

1.6 x ID'8
1.1 x IO-7

1.4 x ID'8

8.9 x 10-'°

1.2 x IO-7

7.4 x 10~6

8.7 x IO-6

7.5 x IO-8

3.0 x 1Q-6

3.4 x IO-6

1.3 x ID'7
6.3 x ID'6
7.7 x IO-6

3.6 x ID'7
3.5 x IO-6

9.5 x 1Q-6

4.6 x IO-10

2.8 x 10-'°
2.2 x 10-'°
9.0 x ID'7
2.6 x JO"6

1.6 x 10'5

*i (1)



fels) Lu

Nuclide

Actinium
Ac-224

Ac-225

Ac-226

1
•3 Ac-227

'J

Ac-228

Thorium
Th-226

Th-227

Th-228

Physical
half-life ype

2.90 h F
M
S

10.0 d F
M
S

1.21 d F
M
S

21. 8 a F
M
S

6.13 h. F
M
S

0.515 h F
M
S

18.7 d F
M
S

1.91 a F
M
S

Age g < I a

f| e(g)

0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005

0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005

1.3 x
4.2 x
4.6 x
1.1 x
2.8 x
3.1 x
1.5 x
4.3 x
4.7 x
1.7 x
5.7 x
2.2 x
1.8 x
8.4 x
6.4 x

1.4 x
3.0 x
3.1 x
8.4 x
3.2 x
3.9 x
1.8 x
1.3 x
1.6 x

io-7

io-7

io-7

io-5

io-5

io-5

io-6

io-6

IO"6

io-4

io-4

io-7

io-8

io-8

io-7

io-7

io-7

10"6

io-5

io-5

io-4

io-4

io-4

f, for
g > 1 a

5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x

5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x
5.0 x

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

io-4

I O 4

io-4

io-4

io- 4

10 4

io- 4

io-4

io-4

io-4

io-4

io-4

io-4

io - 4

io-4

10 4

Age 1-2 a
e(g)

8.9 x
3.2 x
3.5 x
7.7 x
2.1 x
2.3 x
1.1 x
3.2 x
3.5 x
1.6 x
5.5 x
2.0 x
1.6 x
7.3 x
5.3 x

1.0 x
2.1 x
2.2 x
5.2 x
2.5 x
3.0 x
1.5 x
1.1 x
1.3 x

1Q-8

io-7

io-7

io-6

io-5

io-5

io-6

io-6

io-6

10-'
io-4

io-4

io-7

io-8

io-8

io-7

io-7

io- 7

IO"6

io-5

io-5

io-4

io-4

io- 4

Age 2-7 a
c(g)

4.7 x
2.0 x
2.2 x
4.0 x
1.3 x
1.5 x
4.0 x
2.1 x
2.3 x
1.0 x
3.9 x
1.3 x
9.7 x
4.7 x
3.3 x

4.8 x
1.1 x
1.2 x
2.6 x
1.6 x
1.9 x
8.3 x
6.8 x
8.2 x

io-8

lO"7

io-7

10'6

io-5

io-5

io-7

10'6
io-6

10--'
io-4

io-4

10 •«
io-8

io-8

io-8

io-7

i o - 7

,0 6

io-5

10 5

io-5

io - 5

io-5

Age 7
e(

3.1 x
1.5 x
1.7 x
2.6 x
1.0 x
1.1 x
2.6 x
1.5 x
1.7 x
7.2 x
2.6 x
8.7 x
5.7 x
2.9 x
2.2 x

3.4 x
8.3 x
8.8 x
1.6 x
1.1 x
1.4 x
5.2 x
4.6 x
5.5 x

1 12 a
g)

io-8

io-7

io-7

10'6
io-5

io-5

io-7

10"6

1Q-6

10 4

io-4

io-5

io-8

lO"8

io-8

io-8

io-8

io-8

10-6

io-5

io-5

I O 5

io-5

10 5

Age 12 17 a
e(g)

1.4 x 10"8

1.4 x 1Q-7

1.6 x ID'7

1.1 x 1Q-6

9.3 x IO-6

1.1 x IO"5

1.2 x ID'7
1.5 x 10'6
1.6 x 10"6

5.6 x 10"4

2.3 x lO'4

7.6 x 10'5

2.9 x IO" 8

2.0 x 10"8

1.9 x 10-"

2.5 x 10"8

7.0 x IO"8

7.5 x 10'8

1.0 x 10'6

1.1 X 10- 5

1.3 x IO-5

3.6 x I0'5
3.9 x JO'5
4.7 x 10 5

Age > 17 a
e(g)

1.1 x
l.l x
1.3 x
8.8 x
7.4 x
8.5 x
9.6 x
1.2 x
1.3 x
5.5 x
2.2 x
7.2 x
2.5 x
1.7 x
1.6 x

2.2 x
5.8 x
6.1 x
6.7 x
8.5 x
1.0 x
2.9 x
3.2 x
4.0 x

IO-8

io-7

io-7

io-7

io-6

io-6

io-8

io-6

io-6

io-4

io-4

io-5

io-8
10-8

io-8

io-8

io-8

io-8

IO"7

io-6

io-5

io-5

10"5

io-5



3
V•
4T
•>
1

^
4

m«n«s

Th-229

Th-230

Th-231

Th-232

Th-234

Protactinium
Pa-227

Pa-228

Pa-230

Pa-231

Pa-232

Pa-233

Pa-234

7.34 x 103 a

7.70 x 104 a

1.06 d

1.40 x 10'° a

24.1 d

0.638 h

22.0 h

17.4 d

3.27 x 104 a

1.31 d

27.0 d

6.70 h

F
M
S
F
M
S
F
M
S
F
M
S
F
M
S

M
S
M
S
M
S
M
S
M
S
M
S
M
S

0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005

0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005

5.4 x 1Q-4

2.3 x 10-4

2.1 x lO'4

2.1 x 10'4
7.7 x 1Q-5

4.0 x 10'5

1.1 x ID'9
2.2 x 10'9
2.4 x ID'9

2.3 x 1Q-4

8.3 x lO-5

5.4 x 10'5

4.0 x 10-8

3.9 x 10-8

4.1 x 10-8

3.6 x 10-7

3.8 x 1Q-7

2.6 x ID'7
2.9 x 10-7

2.4 x 10~6

2.9 x ID'6

2.2 x 10-4

7.4 x 10'5

1.9 x ID'8
1.0 x 1Q-8

1.5 x 10'8
1.7 x 10'8

2.8 x 1Q-9

2.9 x ID'9

5.0 x 10'4
5.0 x 10'4
5.0 x 10'4

5.0 x 10'4

5.0 x 10'4
5.0 x 10'4

5.0 x 10-4

5.0 x 10'4
5.0 x 10'4

5.0 x 10'4
5.0 x tO'4
5.0 x 10'4

5.0 x 10-4

5.0 x 10'4
5.0 x 10'4

5.0 x 10-4

5.0 x 10'4

5.0 x 10'4
5.0 x lO'4

5.0 x 10'4
5.0 x 10-4

5.0 x 10-4

5.0 x ID"4

5.0 x 10"4

5.0 x 10-4

5.0 x 10-4

5.0 x 1C'4

5.0 x lO'4
5.0 x IO-4

5.1 x 10-4

2.1 x 10-4

1.9 x 10-4

2.0 x 10-4

7.4 x 10-5

3.5 x 10-5

7.2 x ID'10

1.6 x lO"9

1.7 x 10-9

2.2 x ID'4
8.1 x 10'5
5.0 x 10-5

2.5 x ID'8
2.9 x 10-8

3.1 x 10-8

2.6 x 10-7

2.8 x 10-7

2.1 x JO'7
2.4 x ID"7

1.8 x 10-6

2.2 X IQ-6

2.3 x 10-4

6.9 x 1Q-5

1.8 x 10-8

8.7 x lO'9

1.1 x 10'8

1.3 x ID'8

2.0 x ID'9
2.1 x 10-9

3.6 x 10'4

1.6 x IO'4
1.3 x 10'4

1.4 x 10'4
5.5 x ID'5
2.4 x 10'5

2.6 x 10'10

8.0 x 10'10

7.6 x ID'10

1.6 x 10'4
6.3 x 10'5
3.7 x 10-5

1.1 x 10'8
1.5 x 10'R
1.7 x 10'8

1.4 x 10'7
1.5 x ID'7

1.3 x 10-7

1.5 x 10-7

1.1 x lO'6
1.4 x 10~6

1.9 x 10'4
5.2 x IQ-5

1.4 x 10-8

5.9 x 10-9

6.5 x 10-9

7.5 x 10-9

1.0 x 1Q-9

1.1 x 1Q-9

2.9 x 1Q-4

1.2 x 10-4

8.7 x 10-5

1.1 x 1Q-4

4.3 x 10~5

1.6 x ID"5

1.6 x ID'10

4.8 x 10"'°
5.2 x 10'10

1.3 x 10-4

5.0 x 10"5

2.6 x 10*5

6.1 x lO"9

1.0 x 10-8

I.I x 1Q-8

1.0 x 10'7
1.1 x 10'7

8.8 x 10'8
1.0 x 1C'7

8.3 x 10'7
1.0 x ID'6

1.5 x 1Q-4

3.9 x 1Q-5

1.1 x 1Q-8

4.1 x 10'9

4.7 x 10'9

5.5 x 10-9

6.8 x 10'!0

7.1 x 10-'°

2.4 x ID'4
I.I x 1Q-4

7.6 x 10*5

9.9 x 1Q-5

4.2 X 1Q-5

1.5 x 10-5

9.2 x 10-"
3.8 x 10'10

4.1 x 10-'°
1.2 x 1Q-4

4.7 X ID'5

2.5 x 1Q-5

3.5 x 10'9
7.9 x IQ-9

9.1 x 10'9

9.0 x 10'8
8.1 x 10"8

7.7 x 10'8
9.1 x !0'8

7.6 x lO"7

9.6 x 10'7

1.5 x 10'4
3.6 x 10'5

1.0 x 10~8

3.7 x 10-9

4.1 x 10'9

4.9 x ID'9

4.7 x 10-:0

5.0 x lO'10

2.4 x 1Q-4

1.1 x ID'4
7.! x ID'5

1.0 x 10-4

4.3 x 10-5

1.4 x 10'5

7.8 x 10-"
3.1 x ID'10

3.3 x ID'10

1.1 x 10*4

4.5 x ID'5
2.5 x 1Q-5

2.5 x 10-9

6.6 x 10-9

7.7 x 10-9

7.4 x 10-"
8.0 x 10'8

6.4 x JO'8
7.5 x ID'8

6.1 x 10-7

7.6 x 10-7

1.4 x 10'4
3.4 x ID'5

1.0 x 10-8

3.5 x 10-9

3.3 x 10-9

3.9 x 10-9

3.8 x JO'10

4.0 x 10-'-°



CN

Nuclide

Uranium
U-230

U-231

U-232

U-233

U-234

U-235

U-236

U-237

Physical
half-life Type

20.8 d F
M
S

4.20 d F
M
S

72.0 a F
M
S

1.58 x 105a F
M
S

2.44 x IO5 a F
M
S

7.04 x IO8 a F
M
S

2.34 x IO7 a F
M
S

6.75 d F
M
S

"6,»- 6 — ' °I

fi e(g)

0.040
0.040
0.020
0.040
0.040
0.020
0.040
0.040
0.020
0.040
0.040
0.020
0.040
0.040
0.020
0.040
0.040
0.020
0.040
0.040
0.020
0.040
0.040
0.020

3.2 x
4.9 x
5.8 x
8.9 x
2.4 x
2.6 x
1.6 x
3.0 x
1.0 x
2.2 x
1.5 x
3.4 X
2.1 x
1.5 x
3.3 x
2.0 x
1.3 x
3.0 x
2.0 x
1.4 x
3.1 x
1.8 x
7.8 x
8.7 x

io-6

io-5

io-5

,0-m
io-9

io-9

io-5

io-5

io-4

ID'6
io-5

io-5

ID'6

io-5

io-5

io-6

io-5

io-5

io-6

io-5

io-5

io-9

io-9

io-9

f, for
g > 1 a

0.020
0.020
0.002
0.020
0.020
0.002
0.020
0.020
0.002
0.020
0.020
0.002
0.020
0.020
0.002
0.020
0.020
0.002
0.020
0.020
0.002
0.020
0.020
0.002

Age 1-2 a
e(g)

1.5 x
3.7 x
4.4 x
6.2 x
1.7 x
1.9 x
1.0 x
2.4 x
9.7 x
1.4 x
1.1 x
3.0 x
1.4 x
1.1 x
2.9 x
1.3 x
1.0 x
2.6 x
1.3 x
1.0 x
2.7 x
1.5 x
5.7 x
6.4 x

io-6

io-5

io-5

,0-io
io-9

io-9

I O 5

io-5

io-5

lO'6
io-5

io-5

10 h

io-5

io-5

io-6

io-5

io-5

io-6

io-5

io-5

io-9

io-9

io-9

Age 2-7 a
e(g)

7.2 x
2.4 x
2.8 x
3.1 x
9.4 x
9.0 x
6.9 x
1.6 x
6.6 x
9.4 x
7.2 x
1.9 x
9.0 x
7.0 x
1.9 x
8.5 x
6.3 x
1.7 x
8.5 x
6.5 x
1.8 x
6.6 x
3.3 x
3.7 x

io-7

10'5
io-5

, 0 -m
,0-10
10-,o

10 h

JO'5

io-5

io- 7

io-f t

io-5

10 i
io-6

io-5

io-7

io-6

io-5

io-7

10"6

io-5

10-io
io-9

io-9

Age 7-12 a
e(g)

5.4 x
1.8 x
2.1 x
1.4 x
5.5 x
6.1 x
6.8 x
1.1 x
4.3 x
8.4 x
4.9 x
1.2 x
8.0 x
4.8 x
1.2 x
7.5 x
4.3 x
1.1 x
7.5 x
4.5 x
1.1 x
4.2 x
2.4 x
2.7 x

io-7

io-5

io-5

io-10
,0-io
,0-io

10 6

10 ""
io-5

I O 7

10'6
io-5

I O 7

IO-6

io-5

io-7

io-6

io-5

io-7

io-6

io-5

,0-io
io-9

io-9

Age 12-17 a
e(g)

4.1 X
1.7 X
2.0 x
1.0 x
4.6 x
4.9 x
7.5 X
1.0 x
3.8 x
8.6 x
4.3 x
1.1 x
8.2 x
4.2 x
1.0 x
7.7 x
3.7 x
9.2 x
7.8 x
3.9 x
9.5 x
1.9 x
2.1 x
2.4 x

io-7

io-5

io-5

,0-io
io-10
,0-io

10 6

io-5

io-5

io-7

io-6

io-5

io-7

io-6

io-5

io-7

IO-6

io-6

io-7

io-6

1Q-6

,0-io
io-9

io-9

Age > 17 a
e(g)

3.8 x 10'7
1.3 x 10'5
1.6 x 1Q-5

6.2 x 1Q-"
3.8 x 10'10

4.0 x ID'10

4.0 x 1Q-6

7.8 x ID'6

3.7 x IO-5

5.8 x 1Q-7

3.6 x ID'6
9.6 x ID'6

5.6 x IO-7

3.5 x 10'6
9.4 x IO-6

5.2 x ID'7

3.1 x 10'6
8.5 x 10'6

5.3 x IO-7

3.2 x ID'6
8.7 x ID'6

1.8 x 10-'°
1.7 x ID'9

1.9 x 1C'9



U-238 4.47 x IO9 a

U-239 0.392 h

U-240 14.1 h

Neptunium
Np-232 0.245 h

3
Np-233 0.603 h

A
^

J^ Np-234 4.40 d
•>
*
. j Np-235 1 .08 a

Np-236 1.15 x 10s a

Np-236 22.5 h

Np-237 2.14 x 106a
••«.
r>
N __ ______

F
M
S
F
M
S
F
M
S

F
M
S
F
M
S
F
M
S
F
M
S
F
M
S
F
M
S
F
M
S

0.040
0.040
0.020
0.040
0.040
0.020
0.040
0.040
0.020

0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005

1.9 x 10'6
1.2 x 10'5
2.9 x 10'5

1 .0 x 10"
1 .8 x 10"
1.9 x 10"10

2.4 x ID'9
4.6 x ID'9
4.9 x ID'9

2.0 x 10"
8.9 x 10-"
1.2 x 10'
1.1 x 10-"
1.5 x 10-"
1.5 x 10-"
2.9 x ID'9
3.8 x 10'9
3.9 x 1Q-9

4.2 x 10'9
2.3 x ID'9
2.6 x IO-9

8.9 x ID'6
3.0 x 10'6
1.6 x ID'6

2.8 x ID'8

1.6 x IO-8

1.6 x IO-8

9.8 x ID'5
4.4 x ID'5
3.7 x ID'5

0.020
0.020
0.002
0.020
0.020
0.002
0.020
0.020
0.002

5.0 x lO'4
5.0 x ID'4
5.0 x IO-4

5.0 x 10'4
5.0 x IO-4

5.0 x ID'4

5.0 x ID'4
5.0 x IO"4

5.0 x IO-4

5.0 x IO-4

5.0 x IO-4

5.0 x 10 4

5.0 x IO-4

5.0 x IO-4

5.0 x ID'4

5.0 x ID'4

5.0 x ID'4
5.0 x 10'4

5.0 x 1Q-4

5.0 x ID"4

5.0 x JO'4

1.3 x ID'6
9.4 x ID'6

2.5 x JO'5

6.6 x 10-"
1.2 x 10-'°
1.2 x 10-'°
1.6 x 10'9
3.1 x ID'9
3.3 x IO-9

1.9 x 10-'°
8.1 x 10-"
9.7 x 1Q-"
8.7 x 10'12

1.1 x 10-"
1.2 x 10-"
2.2 x ID"9

3.0 x 10'9
3.1 x 1C'9

3.5 x IO-9

1.9 x JO'9
2.2 x IO-9

9.1 x ID'6
3.1 x lO'6
1.6 x ID'6

2.6 x ID'8
1.4 x 10"8

1.3 x 10'8

9.3 x 10'5
4.0 x IO"5

3.2 x 10'5

8.2 x 10'7
5.9 x 10"6

1.6 x 10'5

2.9 x 10-"
5.6 x 10-"
5.9 x 10-"
7.1 x lO"10

1.7 x 10'9
1.6 x ID'9

1.2 x IO-10

5.5 x 1Q-"
5.8 x 10-"
4.2 x lO'12

5.5 x ID'12

5.7 x 1Q-'2

.1 x 10'9

.6 x 10'q

.6 x 10'9

.9 x 10'9

.1 x IO'9

.3 x 10 *
7.2 x I0'6
2.7 x JO"6

1.3 x 1Q-6

1.5 x 10'8
8.9 x lO'9
8.5 x 1Q-9

6.0 x ID'5

2.8 x JO'5
2.1 x ID'5

7.3
4.0
1.0
1.9
3.8
4.0
4.5
1.1
1.1

1.1
4.5
3.9
2.5
3.3
3.4
7.2
J.O
1.0
1.1
6.8
8.3
7.5
2.7
1.0
1.1
6.2
5.7
5.0
2.2
1.4

x
X
X

X
X
X

X
X
X

X
X
X

X
X
X

X
X
X

X
X

X

X
X
X

X
X
X

X
X
X

io-7

io-6

io-5

10-"
10-"
10-"
io-10

io-9

io-9

10-io
10-"
10-"
lO"12

io-12

lO"'2

10"'°
io-9

io-9

io-9

I0-io
,0-io

io-6

io-6

io-6

io-8

io-9

io-9

io-5

io-5

io-5

7.4 x lO'7
3.4 x 10 -6

8.7 x 10"6

1.2 x 10-"
2.7 x 10-"
2.9 x 10-"
2.3 x lO'10

6.5 x JO'10

7.0 x ID'10

1.1 x lO'10

4.7 x 1Q-"
2.5 x IQ-"
1.4 x ID'12

2.1 x ID'12

2.1 x 10-'2

4.3 x 10-'°
6.5 x IO'10

6.8 x 10-'°
7.5 x 10-'°
5.1 x 10 -|0

6.3 x 10 I0

7.9 x 10"6

3.1 x 10'6
1.0 x 1Q-6

8.9 x 10'9
5.6 x 10'9
4.8 x 10'9

4.7 x 1Q-5

2.2 x 10 -5

1.3 x 10'5

5.0 x ID'7
2.9 x 1Q-6

8.0 x lO'6

1.0 x 10-"
2.2 x 10'"
2.4 x 1Q-"
2.0 x 10-'°
5.3 x 10-'°
5.8 x 10-'°

1.2 x lO'10

5.0 x 10-"
2.4 x 10-"
1.1 x 10'12

1.6 x 10"12

1.7 x 10"12

3.5 X 10"'°
5.3 x ID'10

5.5 x ID'10

6.3 x 10'10

4.2 x IO-'°
5.2 x lO'10

8.0 x 10'6
3.2 x lO"6

1.0 x ID'6

9.0 x 10'9
5.3 x IO-9

4.2 x JO'9

5.0 x 10'5

2.3 x 10'5
1.2 x ID'5



oo

3
•J

Nuclide

Np-238

Np-239

Np-240

Plutonium
Pu-234

Pu-235

Pu-236

Pu-237

Pu-238

PhyS'CaI Tvoehalf-life lype

2 .12d F
M
S

2.36 d F
M
S

1.08 h F
M
S

8.80 h F
M
S

0.422 h F
M
S

2.85 a F
M
S

45.3 d F
M
S

87.7 a F
M
S

Age f

fi

0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005

0.005
0.005

1.0 x IO-4

0.005
0.005

1.0 x IO-4

0.005
0.005

1.0 x IO-4

0.005
0.005

1.0 x 1Q-4

0.005
0.005

1.0 x 1Q-4

> < 1 a

e(g)

9.0 x ID'9
7.3 x IO-9

8.1 x JO'9

2.6 x IO-9

5.9 x IO-9

5.6 x ID'9

3.6 x 10-'°
6.3 x 10-'°
6.5 x IO-10

3.0 x 10'8
7.8 x 10'8
8.7 x 10'8

1.0 x 1Q-"
1.3 x 1Q-"
1.3 x 1Q-"
1.0 x IO-4

4.8 x 1Q-5

3.6 x IO-5

2.2 x ID'9
1.9 x ID'9
2.0 x IO-9

2.0 x IO-4

7.8 x 10'5
4.5 x ID"5

f, for
g > 1 a

5.0 x IO-4

5.0 x IO-4

5.0 x IO-4

5.0 x IO-4

5.0 x IO-4

5.0 x IO-4

5.0 x IO-4

5.0 x IO-4

5.0 x IO-4

5.0 x IO-4

5.0 x 10'4
1.0 x 1Q-5

5.0 x 10 "
5.0 x 10'4
1.0 x 1Q-5

5.0 x 10'4
5.0 x 10-"
1.0 x 10'5

5.0 x 10-"
5.0 x lO'4

1.0 x 10'5

5.0 x 1Q-4

5.0 x IO-4

1.0 x 1Q-5

Age 1-2 a
e(g)

7.9 x 10'9
5.8 x ID'9
6.2 x ID'9

1.4 x IO-9

4.2 x IO-9

4.0 x IO-9

2.6 x 10-'°
4.4 x ID'10

4.6 x 10-'°

2.0 x 10'8
5.9 x IO-8

6.6 x ID'8

7.9 x 10-'2
1.0 x 10-"
1.0 x IO-"
9.5 x IO-5

4.3 x 10'5
3.1 x IO-5

1.6 x IO- 9

1.4 x IO-9

1.5 x IO-9

1.9 x 10-"
7.4 x 10'5

4.0 x 10"5

Age 2-7 a
e(g)

4.8 x IO-9

3.4 x JO'9
3.2 x IO-9

6.3 x ID"10

2.0 x IO-9

2.2 x ID'9

1.2 x ID'10

2.2 x IO-10

2.3 x ID'10

9.8 x 1Q-9

3.7 x 10"8

4.2 x 10'8

3.9 x 10-'2
5.0 x ID'12

5.1 x 10-'2

6.1 x IO"5

2.9 x 10'5
2.0 x 10'5

7.9 x 10-'°
8.2 x ID'10

8.8 x ID'10

1.4 x IO-4

5.6 x ID'5
2.7 x IO-5

Age 1
e(

3.7 x
2.5 x
2.1 x
3.8 x
1.4 x
1.6 x
7.7 x
1.4 x
1.5 x

5.7 x
2.8 x
3.1 x
2.2 x
2.9 x
3.0 x
4.4 x
2.1 x
1.4 x
4.8 x
5.4 x
5.9 x
1.1 X
4.4 x
1.9 x

'-12 a
g)

io-9

io-9

io-9

,0-.o
io-9

io-9

10-"
,0-10

io-9

io-8

io-8

io-12

io-12

io-1 2

io-5

io-5

io-5

10-io
,0-.o
io-'°
io-4

io-5

io-5

Age 12 17 a
e(g)

3.3 x
2.2 x
1.7 x
2.1 x
1.2 x
1.3 X
4.7 x
1.0 x
1.1 x

3.6 x
2.6 x
3.0 x
1.3 x
1.9 x
1.9 x
3.7 x
1. 9 x
1.2 x
2.9 x
4.3 x
4.8 x
1.0 x
4.3 x
1.7 x

io-9

io-9

io-9

,0-10
io-9

io-9

10-"
,0-10
10-io

io-9

io-8

io-8

io-12

io-12

io-12

io-5

io-5

io-5

io-'°
,0-io
jO-,0

io-4

10"5

io-5

Age > 17 a
e(g)

3.5 x IO-9

2.1 x IO-9

1.5 x JO"9

1.7 x 10-'°
9.3 x 10-'°
1.0 x ID'9

4.0 x 10-"
8.5 x 10-"
9.0 x 10-"

3.0 x 10'9
2.1 x 10'8
2.4 x ID'8

1.0 x 10'12

1.4 x ID'12

1.5 x 10'12

4.0 x IO-5

2.0 x IO-5

1.0 x JO'5

2.6 x 10-'°
3.5 x 10-'°
3.9 x 10'10

1.1 x IO-4

4.6 x ID"5

1.6 x 10"5



3

ON

Pu-239 2.41 x 10" a

Pu-240 6.54 x IO3 a

Pu-241 14.4 a

Pu-242 3.76 x IO5 a

Pu-243 4.95 h

Pu-244 8.26 x IO7 a

Pu-245 10.5 h

Pu-246 10.9 d

Americium
Am-237 1.22 h

Am-238 1.63 h

F
M
S
F
M
S
F
M
S
F
M
S
F
M
S
F
M
S
F
M
S
F
M
S

F
M
S
F
M
S

0.005
0.005

1.0 x IO-4

0.005
0.005

1.0 x IO-4

0.005
0.005

1.0 x IO-4

0.005
0.005

1.0 x IO-4

0.005
0.005

1.0 x IO-4

0.005
0.005

1.0 x IO-4

0.005
0.005

1.0 x IO-4

0.005
0.005

1.0 x IO-4

0.005
0.005
0.005
0.005
0.005
0.005

2.1 x
8.0 x
4.3 x
2.1 x
8.0 X
4.3 x
2.8 x
9.1 x
2.2 x
2.0 x
7.6 x
4.0 x
2.7 x
5.6 x
6.0 x
2.0 x
7.4 x
3.9 x
1.8 X
3.6 x
3.8 x
2.0 x
3.5 x
3.8 x

9.8 x
1.7 x
1.7 x
4.1 x
3.1 x
2.7 x

io-4

io-5

io-5

io-4

io-5

io-5

io-6

10"7

io-7

io-4

io-5

io-5

10-io
io-'°
io-10

io-4

io-5

io-5

io-9

io-9

io-9

io-8

io-8

io-8

10-"
10-io
10-io
10-io
10-io
10-io

5.0 x 10'4
5.0 x 10'4
1.0 x lO'5

5.0 x IO-4

5.0 x IO-4

1.0 x IO-5

5.0 x 10"4

5.0 x 10'4
1.0 x ID'5

5.0 x 10"4

5.0 x ID'4
1.0 x IO-5

5.0 x IO-4

5.0 x IO-4

1.0 x 10"5

5.0 x 10 4

5.0 x IO-4

1.0 x ID'5

5.0 x IO-4

5.0 x 10~4

1.0 x 10 5

5.0 x 10"4

5.0 x IO-4

1.0 x 10"5

5.0 x 10"4

5.0 x ID'4
5.0 x 10'4

5.0 x ID'4
5.0 x ID'4
5.0 x ID'4

2.0 x IO-4

7.7 x ID'5
3.9 x 10"5

2.0 x ID'4
7.7 x IO-5

3.9 x IO-5

2.9 x lO'6
9.7 x IO-7

2.3 x IO-7

1.9 x 10~4

7.3 x IO-5

3.6 x IO-5

1.9 x 10-'°
3.9 x lO'10

4.1 x 10-'°
1.9 x IO-4

7.2 x IO'5

3.5 x IO-5

1.3 x ID'9
2.5 x IO-9

2.6 x IO-9

1.4 x 10'8
2.6 x IO-8

2.8 x ID"8

7.3 x 10-"
1.2 x 10-'°
1.3 x lO'10

3.8 x 10-'°
2.6 x 10-'°
2.2 x 10-'°

1.5 x IO'4
6.0 x IO"5

2.7 x 10'5

1.5 x 10'4
6.0 x 10'5
2.7 x IO'5

2.6 x 10'6
9.2 x 10'7
2.0 x IO-7

1.4 x IO-4

5.7 x IO-5

2.5 x IO-5

8.8 x 10-"
1.9 x 10'10

2.0 x JO'10

1.4 x IO-4

5.6 x ID'5

2.4 x 1Q-5

5.6 x 10-'°
1.2 x IO-9

1.3 x 10 "
7.0 x IO-9

1.5 x 1Q-8

1.6 x lO"8

3.5 x 10-"
6.2 x 10-"
6.5 x 10-"
2.5 x 10'10

1.3 x 10"10

1.3 x 10-'°

1.2 x
4.8 x
1.9 x
1.2 x
4.8 x
1.9 x
2.4 x
8.3 x
1.7 x
1.2 x
4.5 x
1.7 x
5.7 x
1.3 x
1.4 x
1.2 x
4.5 x
1.7 x
3.5 x
8.0 x
8.5 x
4.4 x
1.1 x
1.2 x

2.2 x
4.1 x
4.3 x
2.0 x
9.6 x
8.2 x

io-4

io-5

io-s

io-4

io-5

io-5

io-6

io-7

io-7

io-4

io-5

io-5

10-"
J Q - I O

10-io

io-4

io-5

io-5

,0-10
,0-.o
,0-io

io-9

io-8

lO"8

10-"
10-"
10-"
,0-io
10-"
10-"

1.1 x 1Q-4

4.7 x IO-5

1.7 x 1Q-5

1.1 x IO-4

4.7 x IO-5

1.7 x ID"5

2.2 X 1Q-6

8.6 x 10"7

1.7 X lO'7

1.1 x IO-4

4.5 X IO-5

1.6 x 10"5

3.5 x 10-"
8.7 x IQ-"
9.2 x 10-"
1.1 x IO-4

4.4 x IO-5

1.5 x 10'5

1.9 x 10-'°
5.0 x 10-'°
5.4 x 10-'°
2.8 x IO-9

9.1 x IO-9

1.0 x 10~8

1.3 x 10-"
3.0 x 10-"
3.2 x 10-"
1.8 x 10-'°
8.8 x 10-"
6.1 x 10-"

1.2 x IO-4

5.0 x 10"5

1.6 x ID'5

1.2 x ID'4
5.0 x ID'5
1.6 x 10~5

2.3 x 10"6

9.0 x 10'7
1.7 x ID'7

1.1 x IO-4

4.8 x 10"5

1.5 x ID'5

3.2 x 10-"
8.3 x 10-"
8.6 x 10-"
1.1 x ID'4
4.7 x 10'5
1.5 x ID"5

1.6 x ID'10

4.0 x 10-'°
4.3 x 10-'°
2.5 x ID"9

7.4 x ID'9
8.0 x 10'9

1.1 x 10-"
2.5 x 10-"
2.6 x 10-"
1.9 x ID'10

9.0 x 1Q-"
5.4 x 10-"



S
<N

aa

Nuclide , , Typehalf-life 3Y

Am-239 11. 9 h F
M
S

Am-240 2 .12d F
M
S

Am-241 4.32 x IO2 a F
M
S

Am-242 16.0 h F
M
S

Am-242m 1.52 x IO2 a F
M
S

Am-243 7.38 x IO3 a F
M
S

Am-244 10.1 h F
M
S

Am-244m 0.433 h F
M
S

Age g < 1 a

f.

0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005

0.005
0.005
0.005

e(g)

8.1 x lO'10

1.5 x IO-9

1.6 x IO-9

2.0 x 10'9
2.9 x 1Q-9

3.0 x ID'9

1.8 x IO"4

7.3 x ID'5
4.6 x lO'5

9.2 x 10'8
7.6 x IO-8

8.0 x IO'8

1.6 x JO'4
5.2 x 10 5

2.5 x 10 5

1.8 x IO-4

7.2 x JO'5
4.4 x 10'5

1.0 x 10'8
6.0 x JO'9
6.1 x 10'9

4.6 x 10-'°
3.3 x 10'10

3.0 x lO'10

f, for
g > 1 a

5.0 x JO'4
5.0 x ID'4
5.0 x IO-4

5.0 x IO-4

5.0 x IO-4

5.0 x IO-4

5.0 x IO-4

5.0 x IO-4

5.0 x IO-4

5.0 x IO-4

5.0 x 10 4

5.0 x IO-4

5.0 x 10'4
5.0 x 10 4

5.0 x 10 4

5.0 x |Q-4

5.0 x 10'4
5.0 x IO-4

5.0 x 10'4
5.0 x 10'4
5.0 x IO-4

5.0 x 10'4
5.0 x 10'4
5.0 x lO'4

Age 1-2 a
e(g)

5.8
1.1
1.1
1.7
2.2
2.3
1.8
6.9
4.0
7.1
5.9
6.2
1.5
5.3
2.4
1.7
6.8
3.9
9.2
5.0
4.8
4.0
2.1
2.2

x
x
X

X
X
X

X
X
X

X
X
X

X
X
X

X
X
X

X
X
X

X
X
X

io-'°
io-9

io-9

io-9

io-9

io-9

io-4

io-5

io-5

io-8

10 •"
io-8

io-4

10 s

10 5

io-4

io-5

io-5

io-9

io-9

io-9

10-io
io-'°
io-'°

Age 2-7 a
e(g)

2.6 x 10"'°
5.6 x 10'10

5.9 x 10"10

8.8 x 1 0~
1.2 x 1C'9
1.2 x 10'9

1.2 x IO-4

5.1 x '10-5

2.7 x IO-5

3.5 x IO-R

3.6 x 10"
3.9 x IO-K

1.1 x IO-4

4.1 x 10 5

1.7 x 10 5

1.2 x 10'4
5.0 x lO'5
2.6 x IO-5

5.6 x IO-9

3.2 x IO-9

2.4 x JO"9

2.4 x 10-'°
1.3 x 10-'°
1.2 x 10-'°

(S

Age 7-12 a
e(g)

1.6 x 10-'°
3.7 x lO'10

4.0 x 10-'°
5.7 x 10-'°
7.7 x 10'10

7.8 x 10-'°
1.0 x ID'4
4.0 x lO"5

1.9 x 10'5

2.1 x JO'8
2.4 x 10""
2.7 x 10-*
9.4 x ID'5
3.4 x JO '5
1.2 x 10 5

1.0 x 10"4

4.0 x lO-$

1.8 x 10-'
4.1 x 1C'9

2.2 x 10"9

1.6 x ID'9

1.8 x 10-'°
9.2 x 10-"
8.1 x 10-"

11) LuUV

Age 12-17 a
e(g)

9.1 x 10'"
2.7 x lO'10

2.5 x ID'10

3.6 x 10-'°
5.3 x 10'10

5.3 x ID'10

9.2 x 10'5
4.0 x IO"5

1.7 x lO'5

1.4 x 1Q-8

2.1 x 10'8
2.4 x lO'8

8.8 x IO'5
3.5 x 10 s

I.I x 10 5

9.1 x I0'5
4.0 x IO-5

1.6 x 10'5

3.5 x 10'9

2.0 x 10'9
1.4 x IO-9

1.5 x 10-'°
8.3 x 10-"
5.5 x 10-"

LJI JjJ^I

Age > 17 a
e(g)

7.6 x 10-"
2.2 x 10'10

2.4 x lO'10

2.3 x ID'10

4.3 x ID'10

4.3 x ID'10

9.6 x lO"5

4.2 x lO'5
1.6 x IO-5

1.1 x 10'8
1.7 x 10"8

2.0 x 10'8

9.2 x 10'5
3.7 x 10'5
1.1 x 10'5

9.6 x ID'5
4.1 X 10~5

1.5 x ID'5

3.7 x IQ-9

2.0 x 10'9
1.2 x IO-9

1.6 x 10-'°
8.4 X 10-"
5.7 x 10-"



3

,3

Am-245 2.05 h

Am-246 0.650 h

Am-246m 0.417 h

Curium
Cm-238 2.40 h

Cm-240 27.0 d

Cm-241 32.8 d

Cm-242 163 d

Cm-243 28.5 a

Cm-244 18.1 a

Cm-245 8.50 x IO3 a

F
M
S
F
M
S
F
M
S

F
M
S
F
M
S
F
M
S
F
M
S
F
M
S
F
M
S
F
M
S

0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005

0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005

2.1 x 10-'°
3.9 x ID'10

4.1 x 10-'°
3.0 x 10-'°
5.0 x 10-'°
5.3 x 10-'°
1.3 x 10-'°
1.9 x 10'10

2.0 x IO-10

7.7 x ID'9
2.1 x ID'8
2.2 x ID'8

8.3 x lO'6
.2 x 10"5

.3 x ID'5

.1 x ID"7

.3 x ID'7

.4 x lO'7

2.7 x ID'5
2.2 x IO-5

2.4 x ID'5

1.6 x lO'4
6.7 x ID'5
4.6 x ID'5

1.5 x 1C'4
6.2 x JO"5

4.4 x ID'5

1.9 x 10'4

7.3 x IO-5

4.5 x IO-5

5.0 x ID'4
5.0 x ID'4
5.0 x IO-4

5.0 x IO-4

5.0 x IO-4

5.0 x IO-4

5.0 x IO-4

5.0 x JO'4
5.0 x 10'4

5.0 x ID'4
5.0 x IO-4

5.0 x ID'4

5.0 x ID'4
5.0 x IO-4

5.0 x IO-4

5.0 x ID'4
5.0 x IO-4

5.0 x 10'4

5.0 x IO'4
5.0 x ID'4
5.0 x 10 4

5.0 x IO-4

5.0 x ID'4
5.0 x 1Q-4

5.0 x IO-4

5.0 x ID'4
5.0 x lO'4

5.0 x ID'4
5.0 x ID'4
5.0 x ID'4

1.4 x ID'10

2.6 x lO'10

2.8 x 10-'°
2.0 x 10'10

3.4 x ID'10

3.6 x 10-'°
8.9 x 10-"
1.3 x 10-'°
1.4 x ID"10

5.4 x 10'9

1.5 x lO'8
1.6 x 10'8

6.3 x 10'6
9.1 x IO-6

9.9 x ID'6

8.9 x 10'8
1.0 x 1C'7
1.1 x IO-7

2.1 x IO-5

1.8 x 10'5
1.9 x |0'5

1.5 x IO-4

6.1 x 10'5
4.0 x lO'5

1.3 x JO'4
5.7 x IO-5

3.8 x ID'5

1.8 x ID'4
6.9 x IO-5

4.0 x 10'5

6.2 x
1.3 x
1.3 x
9.3 x
1.6 x
1.7 x
4.2 x
6.1 x
6.4 x

2.6 x
7.9 x
8.6 x
3.2 x
5.8 x
6.4 x
4.9 x
6.6 x
6.9 x
1.0 x
1.1 x
1.2 x
9.5 x
4.2 x
2.6 x
8.3 x
3.7 x
2.5 x
1.2 x
5.1 x
2.7 x

io-"
,0-io
,0-io

10-"
,0-io
,0-10

io-"
10-"
io-"

io-9

io-9

io-9

io-6

lO'6
io-6

10'8
io-8

io-8

io-5

io-5

io-5

io-5

io-5

io-5

io-5

io-5

io-5

io-4

io-5

io-5

4.0 x 1Q-"
8.7 x 10'"
9.2 x 10-"
6.1 x 10-"
1.1 x lO'10

1.2 x 10-'°
2.6 x 10-"
4.0 x 1Q-"
4.1 x 10-"

1.8 x ID'9
5.9 x 10'9
6.4 x ID'9

2.0 x ID'6
4.2 x ID'6
4.6 x ID'6

3.5 x 10'8
4.8 x IO-8

4.9 x ID'8

6.1 x JO'6
7.3 x 10 6

8.2 x IO-6

7.3 x 10'5
3.1 x ID'5
1.8 x IO"5

6.1 x 10'5
2.7 x 10'5
1.7 x 10's

1.0 x lO'4
4.1 x lO'5

1.9 x 10 -5

2.4 x
6.4 x
6.8 x
3.8 x
7.9 x
8.3 x
1.6 x
2.6 x
2.7 x

9.2 x
5.6 x
6.1 x
1.5 x
3.8 x
4.3 x
2.8 x
4.4 x
4.5 x
4.0 x
6.4 x
7.3 x
6.5 x
3.0 x
1.6 x
5.3 x
2.6 x
1.5 x
9.4 x
4.1 x
1.7 x

10-"
io-"
io-11

io-"
10-"
10-"
10-"
10-"
10-"

,0-io
io-9

io-9

io-6

io-6

io-6

io-8

io-8

io-8

io-6

io-6

io-6

io-5

io-5

io-5

io-5

io-5

io-5

io-5

io-5

I O 5

2.1 x IQ-"
5.3 x 1Q-"
5.6 x 10-"
3.3 x 10-"
6.6 x 10-"
6.9 x 10-"
1.4 x 1Q-"
2.2 x 10-"
2.3 x 10-"

7.8 x 10-'°
4.5 x 10'9
4.9 x lO'9

1.3 x 10'6
3.2 x IO-6

3.5 x IO-6

2.7 x IO-8

3.7 x IO-8

3.7 x 10'8

3.3 x 1Q-6

5.2 x 10'6
5.9 x JO'6

6.9 x ID'5
3.1 x ID'5
1.5 x IO-5

5.7 x ID'5
2.7 x ID'5
1.3 x ID'5

9.9 x lO'5
4.2 x ID'5
1.6 x 10'5



CN
CM ————————

Nuclide

Cm-246

Cm-247

Cm-248

3 Cm-249
3
3

Cm-250

Berkelium
Bk-245
Bk-246
Bk-247
Bk-249
Bk-250

Californium
Cf-244

Cf-246

Physical
half-life

4.73 x 103 a

1.56 x 107 a

3.39 x 105a

1.07 h

6.90 x 103 a

4.94 d
1.83 d

1.38 x 103a
320 d

3.22 h

0.323 h
1.49d

Type

F
M
S
F
M
S
F
M
S
F
M
S
F
M
S

M
M
M
M
M

M
M

Age

f.

0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005

0.005
0.005
0.005
0.005
0.005

0.005
0.005

g <1 a

e(g)

1.9 x 1Q-4

7.3 x 10'5
4.6 x ID'5

1.7 x ID'4
6.7 x ID"5

4.1 x 1C'5

6.8 x ID'4
2.5 x 10-4

1.4 x 10'4

1.8 x ID'10

2.4 x ID'10

2.4 x 10-'°
3.9 x ID'3
1.4 x ID'3
7.2 x ID'4

8.8 x 10-9

2.1 x 10'9

1.5 x IO-4

3.3 x 1Q-7

3.4 x 10'9

7.6 x 10'8

1.7 x 10'6

f, for
g > 1 a

5.0 x 10-4

5.0 x ID'4
5.0 x lO'4

5.0 x 10-4

5.0 x ID'4
5.0 x 1Q-4

5.0 x 1Q-4

5.0 x 10-4

5.0 x 10'4

5.0 x JO'4
5.0 x lO'4
5.0 x 10-4

5.0 x ID'4
5.0 x IO- 4

5.0 x 10 4

5.0 x 10'4

5.0 x IO-4

5.0 x 10'4

5.0 x lO"4

5.0 x 10'4

5.0 x 10-4

5.0 x 1Q-4

Age 1-2 a
e(g)

1.8 x
6.9 x
4.0 x
1.6 x
6.3 x
3.6 x
6.5 x
2.4 x
1.2 x
9.8 x
1.6 x
1.6 x
3.7 x
1.3 x
6.5 x

6.6 x
1.7 x
1.5 x
3.3 x
3.1 x

5.4 x
1.3 x

io-4

io-5

io-5

io-4

io-5

io-5

io-4

io-4

io-4

io-11

io-'°
io-'°
io-3

io-3

io-4

io-9

io-9

io-4

io-7

io-9

io-8

10 6

Age 2-7 a
e(g)

1.2 x IO-4

5.1 X IO-5

2.7 x JO'5

1.1 x IO-4

4.7 x IO-5

2.4 x 1Q-5

4.5 X ID'4

1.8 x 1Q-4

8.2 x 1Q-5

5.9 x 10-"
8.2 x 10-"
7.8 x 10-"
2.6 x ID'3
9.9 x lO'4
4.4 x 10 4

4.0 x lO'9

9.3 x ID'1 0

1.1 x 10'4

2.4 X ID'7

2.0 x ID'9

2.8 x ID"8

8.3 x IO"7

(*l

Age 7-12 a
e(g)

1.0 x IO-4

4.1 x IO-5

1.9 x 1Q-5

9.4 x 10'5
3.7 x IO-5

1.7 x 1Q-5

3.7 x IO-4

1.4 x 1Q-4

5.6 x 1Q-5

4.6 x 10-"
5.8 x 10-"
5.3 x 10'"
2.1 x IO-3

7.9 x IO- 4

3.0 x 10 •*

2.9 x IO-9

6.0 x ID'10

7.9 x ID'5

1.8 x 10'7

1.3 x IO-9

2.0 x ID ' 8

6.1 x 10 7

11) L^U-^t

Age 12-17 a
e(g)

9.4 x 1Q-5

4.1 x IO-5

1.7 x IO-5

8.6 x 1Q-5

3.7 x 1Q-5

1.5 X 10'5

3.4 X 1Q-4

1.4 X 10"4

5.0 x IO-5

4.0 x 10-"
3.7 x 10-"
3.9 x 10-"
2.0 x 10'3
7.9 x IO-4

2.7 x I O - 4

2.6 x IO-9

4.0 x 10-'°
7.2 x 10'5

1.6 x 10'7

1.1 x IO-9

1.6 x IO-8

5.7 x 10'7

iJI JjJ^JI

Age > 17 a
e(g)

9.8 x ID'5
4.2 x 1Q-5

1.6 x 10'5

9.0 x 10'5
3.9 x 10'5
1.4 x ID'5

3.6 x IO-4

1.5 x IO-4

4.8 x lO'5

4.0 x 10-"
3.3 x 10-"
3.3 x 10-"
2.1 x 10'3
8.4 x IO-4

2.6 x 10'4

2.1 x 10-"
3.3 x 10-'°
6.9 x ID'5

1.6 x 10'7

1.0 x IO-9

1.4 x IO-8

4.5 x IO-7



3

^
3

I
J

m
VO

Cf-248
Cf-249 3.50
Cf-250
Cf-251 8.98
Cf-252
Cf-253
Cf-254

Einsteinium
Es-250
Es-251
Es-253
Es-254
Es-254m
Fermium
Fm-252
Fm-253
Fm-254
Fm-255
Fm-257
Mendelevium
Md-257
Md-258

334 d
x 102a

13.1 a
x 102a

2.64 a
17. 8 d
60.5 d

2.10h
1.38 d
20.5 d
276 d
1.64 d

22.7 h
3.00 d
3.24h
20.1 h
101 d

5.20 h
55.0 d

M
M
M
M
M
M
M

M
M
M
M
M

M
M
M
M
M

M
M

0.005
0.005
0.005
0.005
0.005
0.005
0.005

0.005
0.005
0.005
0.005
0.005

0.005
0.005
0.005
0.005
0.005

0.005
0.005

3.8 x ID'5

1.6 x 10-4

1.1 x 10-4

1.6 x 10-4

9.7 x 10'5

5.4 x 10"6

2.5 x 10-4

2.0 x 10'9

7.9 x ID'9

1.1 x ID'5

3.7 x 10'5

1.7 X IQ-6

1.2 x 10-6

1.5 x ID'6

3.2 x 10-7

1.2 x 10-6

3.3 x 10-5

1.0 x 10-7

2.4 x lO'5

5.0 x 10-4

5.0 x lO'4

5.0 x 10'4

5.0 x 10-4

5.0 x 10-4

5.0 x 10-4

5.0 x 10-4

5.0 x 10-4

5.0 x ID'4

5.0 x ID'4

5.0 x 10-4

5.0 x lO'4

5.0 x 10-4

5.0 x 10-4

5.0 x 10-4

5.0 x lO'4

5.0 x 10-4

5.0 x 10-4

5.0 x 10"4

3.2 x ID'5

1.5 x 10'4

9.8 x 10'5

1.5 x 10'4

8.7 x lO"5

4.2 x 1Q-6

1.9 x ID'4

1.8 x ID'9

6.0 x ID'9

8.0 x 10'6

3.1 x KT5

1.3 x 10-6

9.0 x lO'7

1.2 x ID'6

2.3 x 10-7

7.3 x 10'7

2.6 x 10-5

8.2 x 10-8

1.9 x 10-5

2.1 x 10'5

1.1 x lO'4

6.6 x 10-5

1.1 x 10'4

5.6 x lO'5

2.6 x 10'6

1.1 x 1Q-4

1.2 x ID'9

3.9 x lO'9

5.1 x 10"6

2.0 x 10'5

8.4 x 10'7

5.8 x JO'7

7.3 x JO'7

1.3 x 1Q-7

4.7 x IO-7

1.6 x ID'5

5.1 x ID'8

1.2 x 10'5

1.4 x lO'5

8.0 x 1Q-5

4.2 x ID'5

8.1 x 10-5

3.2 x 1Q-5

1.9 x 1Q-6

7.0 x 1Q-5

7.8 x lO'10

2.8 x 10~9

3.7 x 10'6

1.3 x lO'5

6.3 x 1C'7

4.3 x 10-7

5.4 x 1Q-7

9.8 x JO'8

3.5 x lO"7

1.1 x ID"5

3.6 x JO'8

8.6 x ID'6

1.0 x ID'5

7.2 x ID'5

3.5 x 10-5

7.3 x 10-5

2.2 x 1Q-5

1.7 x 1Q-6

4.8 x 10-5

6.4 x ID'10

2.6 x ID'9

3.4 x lO'6

1.0 x lO'5

5.9 x 10'7

4.0 x ID'7

- 5.0 x 10'7

7.6 x 1Q-8

3.4 X ID'7

8.8 x lO'6

3.1 x 10-8

7.3 x 10'6

8.8 x ID'6

7.0 x lO'5

3.4 x lO'5

7.1 x ID'5

2.0 x 10'5

1.3 x 10'6

4.1 x lO'5

6.3 x 10'10

2.1 x ID"9

2.7 x 10"6

8.6 X lO'6

4.7 x 10'7

3.2 x ID'7

4.0 x 10'7

6.1 x ID'8

2.7 x 10'7

7.1 x lO'6

2.5 x 10'8

5.9 x ID'6
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S,

Element

Hydrogen

Beryllium

Carbon

Fluorine

Sodium

Magnesium

Aluminium

Silicon

Phosphorus

Sulphur

Chlorine

Potassium

Calcium

Scandium

Titanium

Vanadium

Chromium

Manganese

Iron

Cobalt

Nickel

Copper

Zinc

Gallium

..W.c.bU*,,

i^jr^sr ̂

iiSd;
Absorption

type(s)a

F, Mb, S. G

M, S

F, Mb, S, G

F, M, S

F

F, M

F, M

F, M, S

F, M

F, Mb, S, G

F, M

F

F, M, S

S

F, M, S

F, M

F, M, S

F, M

F, Mb, S

F, Mb, S

F, Mb, S, G

F, M, S

F, Mb, S

F, M

'^^fel 1$ • J^^K A«^^ 1 Ml • M_^*" «P Ii"A

1 (\ **>"() y\ plj j>AiJ» jJiii) 4

.((it ILJ.UJI jj^ti;

rS:r
ICRP Publication No. for
details of biokinetic model

and absorption type(s)

Publications 56, 67 and 71

Publication 30, Part 3

Publications 56, 67 and 71

Publication 30, Part 2

Publication 30. Part 2

Publication 30, Part 3

Publication 30, Part 3

Publication 30, Part 3

Publication 30, Part 1

Publications 67 and 71

Publication 30, Part 2

Publication 30, Part 2

Publication 71

Publication 30, Part 3

Publication 30, Part 3

Publication 30, Part 3

Publication 30, Part 2

Publication 30, Part 1

Publications 69 and 71

Publications 67 and 71

Publications 67 and 71

Publication 30, Part 2

Publications 67 and 71

Publication 30, Part 3

. —— ,^-n *

rr:H M
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Element

Germanium

Arsenic

Selenium

Bromine

Rubidium

Strontium

Yttrium

Zirconium

Niobium

Molybdenum

Technetium

Ruthenium

Rhodium

Palladium

Silver

Cadmium

Indium

Tin

Antimony

Tellurium

Iodine

Caesium

Barium

Lanthanum

Cerium

Praseodymium

Neodymium

Promethium

Samarium

Absorption
lype(s)*

F, M

M

Fb, M, S

F, M

F

F, Mb, S

M, S

F, Mb, S

F, Mb, S

F, Mb. S

F, Mb, S

F, Mb, S, G

F, M, S

F, M, S

F, Mb, S

F, M, S

F, M

F, M

F, Mb, S

F, Mb, S, G

Fb, M, S, G

Fb, M, S

F, Mb, S

F, M

F, Mb, S

M, S

M, S

M, S

M

ICRP Publication No. for
details of biokinetic model

and absorption type(s)

Publication 30, Part 3

Publication 30, Part 3

Publications 69 and 71

Publication 30, Part 2

Publication 30, Part 2

Publications 67 and 71

Publication 30, Part 2

Publications 56, 67 and 71

Publications 56, 67 and 71

Publications 67 and 71

Publications 67 and 71

Publications 56, 67 and 71

Publication 30, Part 2

Publication 30, Part 3

Publications 67 and 71

Publication 30, Part 2

Publication 30, Part 2

Publication 30, Part 3

Publications 69 and 71

Publications 67 and 71

Publications 56, 67 and 71

Publications 56, 67 and 71

Publications 67 and 71

Publication 30, Part 3

Publications 56, 67 and 71

Publication 30, Part 3

Publication 30, Part 3

Publication 30, Part 3

Publication 30, Part 3
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Element

Europium

Gadolinium

Terbium

Dysprosium

Holmium

Erbium

Thulium

Ytterbium

Lutetium

Hafnium

Tantalum

Tungsten

Rhenium

Osmium

Indium

Platinum

Gold

Mercury

Thallium

Lead

Bismuth

Polonium

Astatine

Francium

Radium

Actinium

Thorium

Protactinium

Uranium

Absorption
type(s)*

M

F, M

M

M

M

M

M

M, S

M, S

F, M

M, S

F

F, M

F, M, S

F, M, S

F

F, M, S

F, M, G

F

F, Mb, S, G

F, M

F, Mb, S, G

F, M

F

F, Mb, S

F, M, S

F, M, Sb

M, S

F, Mb, S

ICRP Publication No. for
details of biokinetic model

and absorption type(s)

Publication 30, Part 3

Publication 30, Pan 3

Publication 30, Part 3

Publication 30, Part 3

Publication 30, Part 3

Publication 30, Part 3

Publication 30, Part 3

Publication 30, Part 3

Publication 30, Part 3

Publication 30, Part 3

Publication 30, Part 3

Publication 30, Part 3

Publication 30, Part 2

Publication 30, Part 2

Publication 30, Part 2

Publication 30, Part 3

Publication 30, Part 2

Publication 30, Part 2

Publication 30, Part 3

Publications 67 and 71

Publication 30, Part 2

Publications 67 and 71

Publication 30, Part 3

Publication 30, Part 3

Publications 67 and 71

Publication 30, Part 3

Publications 69 and 71

Publication 30, Part 3

Publications 69 and 71
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Element

Neptunium

Plutonium

Americium

Curium

Berkelium

Californium

Einsteinium

Fermium

Mendelevium

Absorption
type(s)'

F, Mb, S

F, Mb, S

F, Mb, S

F, Mb, S

M

M

M

M

M

ICRP Publication No. for
details of biokinetic model

and absorption type(s)

Publications 67 and 71

Publications 67 and 71

Publications 67 and 71

Publication 71

Publication 30, Part 4

Publication 30, Part 4

Publication 30, Part 4

Publication 30, Part 4

Publication 30, Part 4



oo e(g)
ji ul*J<*-U

Physical Absoro- %
Nuclide
-—• — half-life

^
•]

Tritiated water
Elemental hydrogen
Tritiated methane
Organically bound tritium
Carbon- 11 vapour
Carbon- 11 dioxide
Carbon- 1 1 monoxide
Carbon- 14 vapour 5.73
Carbon- 14 dioxide 5.73
Carbon- 14 monoxide 5.73
Carbon disulphide-35
Sulphur-35 dioxide
Nickel-56 carbonyl
Nickel-57 carbonyl
Nickel-59 carbonyl 7.50
Nickel-63 carbonyl

t Up*j JJ t jj"* ; M

12.3 a
12.3 a
12.3 a
12.3 a

0.340 h
0.340 h
0.340 h
x IO3 a
x IO3 a
x IO3 a

87.4 d
87.4 d '
6.10d
1.50d

x IO4 a
96.0 a

- ^ -u*j j .

tiona

V
V
V
V
V
V
V

V
V
V
F
F
c

c

c

c

*.VJ*3U y

Age g < 1 a

deposit f,

100
0.01
1
100
100
100
40
100
100
40
100
85
100
100
100
100

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

P+AJ 1 1 \^^

c(g)

6.4 x 10-"
6.4 x 10-'5

6.4 x 10-'3

1.1 x 10-'°
2.8 x 10-"
1.8 x 10-"
1.0 x 10-"
1.3 x IO-9

1.9 x 10-"
9.1 x 10-'2

6.9 x IO-9

9.4 x 10-'°
6.8 x 10'9

3.1 x ID"9

4.0 x 10'9

9.5 x ID'9

.(M-*J»

**t*-^lf*^t*!*

f, for
g > 1 a

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
0.800
0.800
1.000
1.000
1.000
1.000

Jll*- ^J)
*lj-* a*. u

•tft*J -\f**

Age 1-2 a Age 2-7 a Age 7-12 a Age 12-17 a ABC > 17 a
c(g) c(g) e(g) e(g)

4 . 8 x 1 0 " 3 . 1 x 1 0 - " 2 . 3 x 1 0 - " 1 .8x10 - "
4.8 x l ( ) - ' 5 3.1 x IO' | S 2.3 x 10 1S 1.8 X 10"115

4.8 x 10-n 3.1 x 10-'3 2.3 x 10'13 1.8 x 10'13

1.1 x 10'10 7.0 x 10-" 5.5 x 10-" 4.1 x 10""
1.8 x 10-" 9.7 x 1Q-'2 6.1 x 1Q-'2 3.8 x 10'12

1.2 x 10-" 6.5 x ID'12 4.1 x ID'12 2.5 x 10'12

6.7 x IO- 1 2 3.5 x ID"12 2.2 x 10'12 1.4 x 10'12

1.6 x 10'9 9.7 x 10-'° 7.9 x 10'10 5.7 x lO'10

1.9 x 10-" 1.1 x 10-" 8.9 x ID'12 6.3 x ID"12

5.7 x 10 l2 2.8 x 10 !2 1.7 x 10'12 9.9 x 1Q-'3

4.8 x JO'9 2.4 x lO'9 1.4 x ID'9 8.6 x lO'10

6.6 x 10-'° 3.4 x ID'10 2.1 x lO'10 1.3 x 10'10

5.2 x IO-9 3.2 x lO'9 2.1 x 1Q-9 1.4 x 10'9

2.3 x ID'9 1.4 x ID'9 9.2 x lO'10 6.5 x 10'10

3.3 x ID'9 2.0 x ID'9 1.3 x 10'9 9.1 x lO'10

8.0 x 10'9 4.8 x 10'9 3.0 x 10'9 2.2 x 10'9

lj*Jj UUl ^JLtaT jj JjLJI jT u*jii^ :V iBj-«
M O^UI ,,*̂  *W» ̂ , J^UJ. ^U **

• •*'''* JUftl CJL*') '*• -'-^ •*' •*' 'i 'L' '"Jf

e(g)B

1
1
1
4,
3.
2.
1.
5,
6

.8

.8

.8

.1

.2

.2

.2

.8

.2
8.0
7.
1.
1.
5,
8
2,

:F

Jl

0
.1
.2
,6
.3
.0

x
x
X

X

X

X

X

X

X

X

X

X

X

X

X

X

10-"
io-15

io-13

10-"
io-12

io-12

io-12

jO-io

io-12

io-13

j0-io
jO-io

io-9

,0-io
,0-10

io-9

(t)
(M)
(t)

.((tr j- a*u>u



3
>

{
+
S.

,1

4̂ .1

Nickel -65 carbonyl
Nickel-66 carbonyl
Ruthenium-94 tetroxide
Ruthenium-97 tetroxide
Ruthenium- 103 tetroxide
Ruthenium- 105 tetroxide
Ruthenium- 106 tetroxide
Tellurium- 116 vapour
Tellurium-121 vapour
Tellurium-121m vapour
Tellurium- 123 vapour 1.00
Tellurium- 123m vapour
Tellurium- 125m vapour
Tellurium- 127 vapour
Tellurium- 1 27m vapour
Tellurium- 1 29 vapour
Tellurium- 129m vapour
Tellurium- 131 vapour
Tellurium- 13 1m vapour
Tellurium- 132 vapour
Tellurium- 133 vapour
Tellurium- 133m vapour
Tellurium- 134 vapour
Elemental iodine- 120
Elemental iodine- 120m

2.52 h
2.27 d

0.863 h
2.90 d
39.3d
4.44 h
1.01 a
2.49 h
17.0 d
154 d

x 10 l3a
120 d

58.0 d
9.35 h
109 d

1.16h
33.6 d

0.417 h
1.25d
3.26 d

0.207 h
0.923 h
0.696 h

1.35h
0.883 h

c

c

F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
V
V

100
100
100
100
100
100
100
100
100
100
100
too
100
100
100
100
100
100
100
100
100
100
100
100
100

1.000
1.000
0.100
0.100
0.100
0.100
0.100
0.600
0.600
0.600
0.600
0.600
0.600
0.600
0.600
0.600
0.600
0.600
0.600
0.600
0.600
0.600
0.600
1.000
1.000

2.0
1.0
5.5
8.7
9.0
1.6
1.6
5.9
3.0
3.5
2.8
2.5
1.5
6.1
5.3
2.5
4.8
5.1
2.1
5.4
5.5
2.3
6.8
3.0
1.5

x
x
X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

io-9

io-R

,0.io

10-'"
io-9

io-9

io-7

,0-m

io-9

io-8

io-8

io-8

10'8
,0-.o

10'8

10-io

io-8

,0-io

io-8

io-8

,0-.o

io-9

,0-io

io-9

io-9

1.000
1.000
0.050
0.050
0.050
0.050
0.050
0.300
0.300
0.300
0.300
0.300
0.300
0.300
0.300
0.300
0.300
0.300
0.300
0.300
0.300
0.300
0.300
1.000
1.000

1.4 x 10~9 8.1 x 10-'° 5.6 x lO'10 4.0 x lO'10

7.1 x 1C"9 4.0 x JO"9 2.7 x 10'9 1.8 X 10'9

3.5 x 10-'° 1.8 x 10-'° 1.1 x 10-'° 7.0 X 10-"
6.2 x 10 "' 3.4 x 10 m 2.2 x I O 1 0 t.4 x lO'10

6.2 x 10 "' 3.3 x lO'9 2.1 x !0~9 1.3 x IO'9

1.0 x 10'9 5.3 x 10-'° 3.2 x tO'10 2.2 x lO'10

1.1 x 10 7 6 . 1 x 1 0 " 3.7 x IO'8 2.2 x 10'8

4.4 x lO'10 2.5 x JO'10 1.6 x lO'10 1.1 x lO"10

2.4 x IO-9 1.4 x JO'9 9.6 x 10'10 6.7 x 10'10

2.7 x 10-" 1.6 x 10'8 9.8 x 10'9 6.6 x 10'9

2.5 x IO-8 1.9 x 10'8 1.5 x 10'8 1.3 x 10'8

1.8 x ID'8 1.0 x 10"8 5.7 x 10'9 3.5 x 10'9

1.1 x ID'8 5.9 x 10"9 3.2 x 10'9 1.9 x 10'9

4.4 X 10-'° 2.3 x H)'10 1.4 x lO'10 9.2 x 10""
3.7 x ID'8 1.9 x 10'8 1.0 x ID'8 6.1 x 10'9

1.7 x 10-'° 9.4 x 10-" 6.2 x 10-" 4.3 x 10'"
3.2 x 10'8 1.6 x 10"8 8.5 x 10'9 5.1 x 10'9

4.5 x lO'10 2.6 x 10'10 1.4 x 10-'° 9.5 x 10'"
1.9X10'8 1.1 x 10'8 5.6 x IO-9 3.7 x IO-9

4.5 x ID'8 2.4 x 10'8 1.2 x IO-8 7.6 x 10'9

4.7 x ID'10 2.5 x 10'10 1.2 x 10'10 8.1 x 10'"
2.0 x 10'9 1.1 x 10'9 5.0 x lO'10 3.3 x 10'10

5.5 x 10-'° 3.0 x 10-'° 1.6 x 10'10 1.1 x 10'10

2.4 x 10'9 1.3 x ID"9 6.4 x ID'10 4.3 x 10'10

1.2 x 10'9 6.4 x ID'10 3.4 x 10''° 2.3 x lO'10

3.6 x 10-'°
1.6 x lO'9

5.6 x 10-"
1.2 x IO'10

1.1 x lO'9

1.8 x 10'10

1.8 x ID'8

8.7 x 10-"
5.1 x 10'10

5.5 x ID'9

1.2 x ID'8

2.9 x 10-'
1.5 x JO'9

7.7 x 10-"
4.6 x ID'9

3.7 X ID'11

3.7 x 10-'
6.8 x 10-"
2.4 x 10-'
5.1 x 10-'
5.6 x 10-"
2.2 x 10-'°
8.4 x 10-"
3.0 x IO-10

1.8 x ID"10



Q

r>i ^

Nuclide

Elemental iodine-121
Elcmcntul iodine- 123
Elemental iodine- 124
Elemental iodine- 125
Elemental iodine- 126
Elemental iodine- 128

_^ Elemental iodine- 129
\ Elemental iodine- 130

3 Elemental iodine-131
'J Elemental iodine- 132

Elemental iodine- 132m
Elemental iodine- 133
Elemental iodine- 134
Elemental iodine- 1 35
Methyl iodide- 120
Methyl iodide- 120m
Methyl iodide-121
Methyl iodide- 123
Methyl iodide- 1 24
Methyl iodide 125

Physical
half-life

2.12
13.2
4.18
60.1
13.0

0.416
1.57 x IO7

12.4
8.04
2.30
1.39
20.8

0.876
6.61
1.35

0.883
2.12
13.2
4.18
60.1

Absorp- %
lion" deposi

h
h
d
d
d
h
a
h
d
h
h
h
h
h
h
h
h
h
d
d

V
V
V
V
V
V
V
V
V
V
V

V
V
V
V
V
V
V
V

V

100
too
100
100
100
100
100
100
100
100
100
100
100
100
70
70
70
70
70
70

Age g < 1

t f,

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1. 000
1.000
1.000
1.000
1.000
1.000
1.000

a

e(g)

5.7
2.1
1 . 1
4.7
1.9
4.2
1.7
1.9
1.7
2.8
2.4
4.5
8.7
9.7
2.3
1.0
4.2
1.6
8.5
3.7

x
X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

10 10

1 0 "
10 7

10-"
io-7

,0-io

io-7

,0-8

10 7

io-9

to-9

io-8 '
, 0 -m

io-9

io-9

io-9

,0-m

io-9

io-8

10 8

f, for
g > 1 a

1.000
1 .(XX)
1.000
1.000
1.000
1.000
1.000
1.000
1. 000
1.000
1. 000
1.000
1.000
1. 000
1.000
1.000
1.000
1.000
1.000
I . ( X X )

Age 1-2 a Age 2-7 a Age 7-12 a Age 12-17 a
e(g) c(g) e(g) e(g)

5.1 x 10 in 3.0 x 10-'° 1.7 x 10'10 1.2 x lO"10

1.8 x 10 " 1.0 x 10 '' 4.7 x 10 "' 3.2 x lO' 1 0

1.0 x 10 7 5.8 x 10 8 2.8 x 10 8 1.8 x IQ-"
5.2 x 10-" 3.7 x 10-R 2.8 x 10'8 2.0 x lO'8

1.9 x IO-7 1.1 x IO-7 6.2 x JO'8 4.1 x 1Q-8

2.8 x 10-'° 1.6 x 10-'° 1.0 x 10 10 7.5 x lO'"
2.0 x 1Q-7 1 . 6 x l Q - 7 1.7 x I Q - 7 U x i O ' 7

1.7 x 10'8 9.2 x IO-9 4.3 x 10~9 2.8 x 10"9

1.6 x 10 7 9 . 4 X 1 0 ' 8 4.8 x lO'8 3.1 x 10~8

2.3 x IO-9 1.3 x 10'9 6.4 x 10'10 4.3 x 10'10

2.1 x ID'9 1.1 x IO-9 5.6 x 10-'° 3.8 x lO'10

4.1 x 10'8 2.1 X 10'8 9.7 X IO- 9 6.3 X lO"9

6.9 x ID' 1 0 3.9 x 10-'° 2.2 x lO'10 1.6 x lO'10

8.5 x 10'9 4.5 x IO-9 2.1 x 10~9 1.4 x 10'9

1 . 9 X 1 0 " 9 l . O x l O - 9 4.8 x 10-'° 3.1 x 1Q-!0

8.7 x ID'10 4.6 x 10-'° 2.2 x lO'1 0 1.5 x 10~10

3.8 x 10 m 2.2 x 10-'° 1.2 x 1Q-10 8.3 x 1Q-"
1.4 x 1Q-9 7.7 x 10-'° 3.6 x I Q - ' 0 2.4 x lO'10

8 .0x10-" 4.5 x K)-R 2 . 2 x 1 0 " " 1 . 4 X 1 0 ' 8

4.0 x 10 x 2.9 x 10 8 2.2 x 10 K 1.6 x 10 8

Age > 17 a
e(g)b

8.6 x 10""
2.1 x 10-'°
1.2 x 1Q-8

1.4 x 10'8

2.6 x 10-"
6.5 x 10-"
9.6 x ID'8

1.9 x ID'9

2.0 x 10'"
3.1 x 10-'°
2.7 x 10'10

4.0 x 10'9

1.5 x 10'10

9.2 x 10'10

2.0 x ID"10

1.0 x 10'10

5.6 x 10-"
1.5 x 10'10

9.2 x 10'9

I . I x 10-"



I1

4
0

1;
,j

Methyl iodide- 126
Methyl iodide- 12 8
Methyl iodide- 129
Methyl iodide- 130
Methyl iodide- 131
Methyl iodide- 132
Methyl iodide- 132m
Methyl iodide- 133
Methyl iodide- 13 4
Methyl iodide- 13 5
Mercury-193 vapour
Mercury- 193m vapour
Mercury-194 vapour
Mercury- 195 vapour
Mercury-I95m vapour
Mercury-197 vapour
Mercury- 197m vapour
Mercury- 199m vapour
Mercury-203 vapour

13.0 d
0.416 h

1.57 x IO7 a
12.4 h
8.04 d
2.30 h
1.39 h
20.8 h

0.876 h
6.61 h
3.50 h
11.1 h

2.60 x IO2 a
9.90 h
1.73d

2.67 d
23.8 h

0.710 h
46.6 d

V
V
V
V
V
V
V
V
V
V
d

d

d

d

d

d

d

d

d

70

70

70

70

70
70
70
70
70
70
70
70
70
70
70
70
70
70
70

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

1.5 x IO-7

1.5 x IO-10

1.3 x 1Q-7

1.5 x 10-*
1.3 x lO'7

2.0 x 10"*
1.8 x 1Q-*
3.5 x IO-8

5.1 x IO-10

7.5 x 10-*
42 x 10-*
1.2 x IO-8

9.4 x 10"8

5.3 x 10-*
3.0 x IO-8

1.6 x IO-8

2.1 x IO-8

6.5 x 10"10

3.0X-10-8

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

1.5 x IO-7

1.2 x IO-10

1.5 x 10'7

1.3 x IO-8

1.3 x 1Q-7

1.8 x ID'9

1.6 x IO-9

3.2 x ID'8

4.3 x IO-10

6.7 x IO-9

3.4 x 1Q'9

9.4 x 10**
8.3 x IO-8

4.3 x IO-9

2.5 x ID'8

1.3 x lO'8

1.7 x IO-8

5.3 x ID'10

2.3 x 10'8

9.0 x IO-8

6.3 x IO-11

1.2 x 10'7

7.2 x IO-9

7.4 x IO-8

9.5 x ID'10

8.3 X lO'10

1.7 x 1Q-8

2.3 x IO-10

3.5 x IO-9

2.2 x IO-9

6.1 x IO-9

6.2 x IO-8

2.8 x 10-*
1.6 x IO-8

8.4 x IO-9

1.1 x IO-8

3.4 x ID'10

1.5 x IO-8

4.8 x IO-8 3.2 x 10"8

3.0 x lO'11 1.9 x 1Q-"
1.3 x IO-7 9.9 x ID'8

3.3 x IO-9 2.2 x 10'9

3.7 x IO-8 2.4 x HT8

4.4 x IO-10 2.9 x 10'10

3.9 x ID'10 2.5 x IO-10

7.6 x 10-* 4.9 x UT9

1.1 x IO-10 7.4 x 10"11

1.6 x IO-9 1.1 X 10'9

i.$ K 10* U x IO-9

4.5 x 10-* 3.4 x 10'9

5.0 x 10"8 4.3 x 10"8

2.1 x 10-* 1.6 x 10'9

1.2 x IO-8 8.8 x IO-9

6.3 x 10-* 4.7 x 10"9

8.2 x IO-9 6.2 x 10'9

2.5 x 10'10 1.9 x ID'10

1.0 x 10"8 7.7 x lO"9

2.0 x IO-8

1.3 x 10-"
7.4 x IO-8

1.4 x 10-*
1.5 x 10'8

1.9 x 10'10

1.6 x ID'10

3.1 x 10"9

5.0 x 10-"
6.8 x IO-10

1,1 x 10'9

3.1 x IO-9

4.0 x 10~8

1.4 x ID"9

8.2 x 10^
4.4 x 10-*
5.8 x IO-9

1.8 x 10'10

7.0 x 1Q-*

:L*JLJI 0-6. Zl :7.\
.((tr
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Nuclide

Argon

Ar-37

Ar-39

Ar-41

Krypton

Kr-74

Kr-76

Kr-77

Kr-79

Kr-81

Kr-83m

Kr-85

Kr-85m

Kr-87

Kr-88

Xenon

Xe-120
Xe-121
Xe-122

Xe-123
Xe-125
Xe-127
Xe-129m
Xe-131m
Xe-133m
Xe-133
Xe-135m
Xe-135
Xe-138

Physical
half-life

35.0 d

269 a

1.83 h

11.5 m

14.8 h
74.7 m
1.46 d

2.10 x 105 a
1.83h
10.7 a
4.48 h
1.27h
2.84 h

40.0 m
40.1 m
20.1 h
2.08 h
17.0 h
36.4 d
8.0 d

11.9 d
2.19 d
5.24 d
15.3m
9.10 h
14.2m

Effective dose rate per unit
integrated air concentration

(Sv-d-'/Bq-m'3)'

4.1 x ID'15

1.1 x 10-"
5.3 x 10-9

4.5 x 10-9

1.6 x 10-9

3.9 x 10-9

9.7 x JO'10

2.1 x 10-"
2.1 x 10'13

2.2 x 10-"
5.9 x 10-'°
3.4 x JO'9

8.4 x 10-9

1.5 x JO'9

7.5 x lO'9

1.9 x 10-'°
2.4 x JO'9

9.3 x 10'10

9.7 x lO'10

8.1 x 10-"
3.2 x 10-"
1.1 x 10'10

1.2 x 10-'°
1.6 x lO'9

9.6 x 10-10

4.7 x lO'9

(1)
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#£*
(MBq)

600

800

400

500

500

800

800

500

400

500

40

4

4

200

20

400

80

<V.*lfJU°l J* -4'M

Phosphonate and pbo«pbate
compounds

Photphonate and phosphate
compounds

LabeUed coUoid

TcO«

DiethylenetriaminepenlB-acetic acid
(DTPA), gluconate and

glucoheptonte

TcO/

DTPA, gluconate and
glucoheptonate

Bnmetazime

In Uotonic todium chlofide
fotution

HexBmethyi propyiene mnine o^jntc ?
(HM-PAO)

DTPA

TcO4'

LabeUed conoid

TcO;

I

I

TL*, chloride

££'

Tc-

Tc"

TC"

TC-

TC"

TC"

Tc-

Tc-
IMXe

TC-

'"In

Tc-

TC"

TC"
m,

°'I

»'T1

^»,

-' H-"

^^

(SPECDv—*— J'

rU^J> &L^ j,^

C—J»

(«>SLui) jj*" jj j i»*

(SPECT) Q*U _**~;l « '* jj J -~*"

tu^H.o^

U^^W^ Jaf^*^^^

4 J«»JI ijJJI

fc.jj» tf,̂ ..

^^. 5J-JJ>

(JL^u.VI ^) 3joJI oVltol

d^' »^^ ^>-*
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(gll) -iUUJI

(MBq) "-'jLii.1

6000

80

400

200

6000

100

160

200

200

200

80

ISO

100

200

——

Gas

DTPA-aerosol

Gas

Gas

Aqueous solution

Human albumin (macroaggregates
or microspheres)

Human albumin (macroaggregates
or microspheres)

botonic solution

Isotonic chloride solution

(MAA)

Labelled colloid

agents

Labelled denanrated red blood
ceDs

Labelled colloid

2S

"Kr-

Tc-

°»Xe

'"Xe

"Kr-

Tc-

Tc-

IJ»Xe

-Kb

"Tc-

"Tc-

»Tc-

»Tc-

^

a — ijji

^^^.^

*tj* 4.M.II a-i^

tf ̂ . e^J. ,,>-:

.,, ̂ , ̂ , .̂

tf^J, fr^J, csUl^

(SPECT)

JL»wUJI _u j ~*

..,<!. ^.^,T.. ^ j ^ M

(SPECT)
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. -LJU

J<l >l-. t

(MBq) ^jUii.1

800

800

400

40

800

800

600

300

100

800

600

40

400

400

40

40

12

12

12

12

'——

TcO,

DTPA

Macroaggregated globulin 3

Human albumin complex

Human albumin complex

Labelled normal red Mood
cell*

Photphonate and phosphate
compound*

uonilrile*

TT chloride

Phoiphonate and phoiphate
compound*

Iionitrile*

TcO,

TcO4

Labelled colloid

Labelled normal red Mood
cell*

Labelled colloid

Non abforbaMe compound*

Non abiorbaMe compound*

Non abiorbaMe compound*

Non abiorbaMe compound*

ss

"Tc-

"Tc-

"Tc-

"Tc-

"Tc-

"Tc-

"Tc-

*»T1

Tc-

"Tc-

-re-

"Tc-

"Tc"

-IV

"Tc-

"Tc-

"Tc-

'"In

'"-In

~~

"*"' ̂ " •**"

t_Jilt ,Jl »jjl jj j --T*

^ '̂1 '̂̂

OU,,^, ̂ ^j

Hji/iat-.- M^

(SPECT) v^LUI

W M> :^

^uu..^^.,,^,

^^ W.JII ,*>-*

„,-» ^^»

•jl— II .I-I^J UJJI ̂ i^

•--Jlfc^
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J<l .1- . .
(MBq) "-'jL î.1

160

350

100

20

8

300
100

400

400

20

80

400

20

20

"———— '

DirQercaptcwuccuric acid

DTPA, ghiconate and
ghicoheptonrte

Macroaggregated globulin 3

O-iodohippurate

Seleoorcholeiterol

Citrate
Chloride

Dimercaptosuccinic acid

Meta-iodo-benzyl guanidinr.

MIBO

Labelled colloid

Exametazime labelled whhe
cell*

Labelled white cell*

Labelled platelet*

S3

<*Tc-

Tc-

"Te-

rn,

"Se

«'Ga

"Tc-

,D,

13!,

Tc-

*Tc-

'"In

'"In

^

-, ̂  ̂ ,̂ ;

^(J- -"" -1

a^^j^i *ajui j.^-1

c,L_JI>i-

,,,» ,,—

w- 1« r»^*« -*-•

jj j i u t i i i jjjjt ^ j .— •?

t'^' ——

**,-« c,UU*ll „*-!

(f)
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I .jjlJL. 4iJj HtU^VI Ul A,ll

J»UuII oLl
A f̂iB^ f̂lî v I A^jt î  ̂ A«A ^»ti£ A i*WL9w ̂ Ĵ v̂ '

J»LkJI

(MBq) (Jj

(b





jfir**~T

» r.1 11 ' ' ^*

|fP

|| • V*" (' II
1
."

1
 '"3jf (| '.!••• .-ft f

^ 1P» ^r^ (F





CLtLjl UL.O j JSrJuJI cIjLjl m,«f SL^j •>• ̂ 3

Ji-Oill --''

li)

) >V* (pj' t Xa>j«Jt •"•*" J IT'"

i jj^ 1 (̂ ii) UJI jU»Vb ĉ .,1 US

u-« '-,,^I>.1,»I 1*3 4jjjJI iiUxll UjjJI xJL^>JI •- - ^j

4^* JJ»' j' î Lt' L* jj^ ̂  Ji-aiJI ^L»*l-̂  j>ii oi
.SJUJU j! &2>4Jb î UJI J^tjjJI -.•;,-.• ^''i" 5-.UJI

1^--1* o-» !CM*L»- ••'*••• j i-^-- J)jva>J • J i -"

^ jt ij-lxi. ii>* <JI4JJ» J>*j j)

JI CM uiili j+±t .jULoiU J-JUJI xJlii)) i_M^uj jl , JiJb Jb-i> A^U. JSLUj

INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION, Principlef for latcrvertion for Protection (tV)
of UK Public in * Radiological Emergency .ICRP Pubu'cHion No. 63, Ann. of the ICRP 22 4, Pergunon Press,
Oxford (1993).

INTERNATIONAL ATOMIC ENERGY AGENCY, Intervention Criteria in • Nuclear or Radiation Emergency, (tt)
Safety Series No. 109, IAEA, Vienna (1994).
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Ji.jOJ» t^ljp*** jt*ii-» o'Uu i^

• j"- -a ' Ci

»iU-VI J-L^J l̂ J v>i4i (^Ut uiYUJf ^J fcii)o5j •>— Jl t=ifj*4Jj Jil Ji-oi cj

* *j-'»'^ iitLfcj «*•«! 3.1 ni'ilb JL*J) >A US

US ,*iLi.V) U-J i.n^j ĵUI L l̂fUJI ^J î liU Ji-olU

.4*JIS jei JiJI JlL-i î lS lil jt o

l)rLU \ — j>Jlj 1,1 13 >l I

O- Vi-jî -, yii* \ • • tM yS)l l̂ iJI >,SjJ . Jlĵ l ,> ———— I* ^J (10)

« • • • 'j'-y* {; __ l«] J

_w Y J — *Î N Wi" "i-» u* J — ^*(

.Ann.ICRP 15 1, Pergamon Prew, Oxford (1985)



285 t£jLbJ) u-ijjCJt oVUJ Ji-JuJI O

jjj) jl>JJ î jtJl, iUUJI fJjj^VI c*t»ji*yL4

JUJbSt

(KBq/Kg) (KBq/Kg)

Cs-134 Cs-137, Ru-103, Ru-106, Sr-89

1-131

Sr-90

Am-241, Pu-238, Pu-239

JJU

Ji-lu J

CM

u ••'••' -j

UjVU- ^4 |».ulJI «JUk

Ji-iu

jf

* S

fju»





XI IJ ^ u-»J .OJ-»'jJ^ <>Ltij UM VI XiJOAll (̂ JUI o'Uu 0^1 |̂ ». »lj?l A JA JJÎ I Jy^JJ V

JjLJI

•"'.' J* " t *

V" u-j c^'-A J^-**5^ <^*i— J#i_»I A jo*. JjL+M (̂

i* JS

INTERNATIONAL COMMISSION ON RADIATION jjkil) .T|»/J-<_A \ f l " - 0 > - jjj——
PROTECTION, Protection against Radon-222 at Home and at work, ICRP Publication No. 65, Ann. ICRP,
23 2, Pergmmon Prest, Oxford and New York (1993)).
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Absorbed dose * s"~"i<** JLc.>>JI

:dm j > < » ^ » _r"*i* 5iU>> t,JI ii<J-J» kiUU-l^l «j '^-* Jl ULUJI J^»j&« :dc

.(GY) "^l^i" cr*-3j (J Kg'1) ,»I^>U J&J "J>-r" ̂  a •••;..»

Accident:

JUb-t! jl Jt. i Al.1) »Lb»f dLli J L*

Action level:

rl il*Jl «jiUJ JUA kjJi JJI ALiuiVI -tUiJI ĵ ijl ji i«.>»JI JJU
j! «>*J*JI o ĵJil) kiiVU. i a îllj jl

Activation:

Activity: r^U-iVI JL»LkJt

</i iiUtlJ X^JL- 2JU. ^j IjJLJI olj**JI (>• jlaJLj i-^U A

Agricultural countermeasure:

291
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Ambient dose equivalent: :* tvi>nM i

' o*. ,H*(d)

= d J-MU ^p^Mi .J»j...A«» Ji»JI «UJV u-iU*J( SjftljJI jJ*J t-k ĵ Îc. d

.JUJI

Annual limit on intake (ALI): r̂ ii-ljJI liS'̂ U ,«>i_uJI

jl (kLJI jl QuillJ) JjjJ* i>* ii-J> ^j 4 Mi* 3 • .1i » 0)0{>J

Applicant:

^I'tjjrV* j^ y>< E.*
.(A-r j V-V u ĵ̂ JI jJai) .jrfiUJI «jjk J.-.-u<il i«UJI cj

Approved:

Authorization:

V.Y urfo î j-î b -̂ LJUJI •Ju» j*tfcJ i-ijJi ouijuvi ̂  ̂ v* >-T
jl J.-T "T J* A 0*^1 iV '̂ij ouij .(A-V

Authorized:

.i-lî JI ii-mJI J-

Average mammary glandular dose: t^olll ^J JUjJJI 4lri.x>uJ) iLt>*JI

OA ^J (D,)
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tf'* *"

70- v>*

:X, 4 -2.58 X 104 C.Kg1

Vu .nit ajui^l v^^l Jl t •*» .lit J

20

\jVfl

.(2.58 X 104 C.Kg-1 Ji) Jj*. ,/UJU

Avertable dose:

Chronk exposure:

Clearance:

LUI a . A T n jl>-JI

Clearance levels:

CoUective dose:

^j .U>iU
Collective 3^^, ,>.•;» i»Uil> .(man.Sv) ^jj^ul^fj *i*la*.>Jb

.(effective dose

(IA)
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Collective effective dose: r "

US S 3.JSJI

s = E
i

5= E
Jo dE

dE

.E+dE t E

3 j •.!>•!•'•» iJUill

= /

JI ,t

Committed dose: >>JI

Committed absorbed dose: >>JI

D(r)
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***
to

JJJL* :D(f)dt j l(^l»faJf .xi.

V ^Jl îVUJI ^jj .3 nil i II 4)>*il (l?li.b J

UU. 0

Committed effective dose:

-JI ^Lt. E(r) i

E(r) = E WT.HT(r)
T

Wr j ,r gUojYI LMJ J^» T &u-JI ̂  AAJ>«JI iUli*JI î >>JI :HT(r)

V ^SJI 4^lVUJl ^JJ .T £_• ••••"

Jui.il oVL»J u.-. •-'"

Committed equivalent dose:

i*. ,H(r) i-

= fto
•* to

J * • • t * If /^\ A_ jnW j-J t J-«jJ' *̂ iulS^JI l̂ ĵpJI JJUL* :ftjj(t) j ((-L^ljJI j»<vl i>*j :t0 t*n^

:r 4 <T

.JLJ.il ^oJ ^U.IjJI J-i.il CiVUJ u.-y ••" o— (^a^j 6-JJUJ UU a- -i! «>^4

Consumer product: :^^M^"i » i « V ) ^Ti i < M

.3. A ,11 jlj^J) J^ " '_•'• -^ î

Containment:
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Contamination:

CootroUed area: 1 — h ^

:u*»uji

jl a-.< t«M o

Coantermeasnre:

Critical group: >»JI

Decontamination: !'**j * r t* SJIjl

Defence in depth: :J "ll «^» t

Deterministic effect:

Detriment:

.u
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Directional dose equivalent:

JJ»

l>JVI

o* ,H'(d,Q)

= d J«JU t^j^j .0 t

Dose:

,iJL«JlJI . J? "--,

JL*̂ J U UU.4 .jU— JJ U.J ,

Dose constraint: :iLc,>aJI ^ j*

J.-- -•*••" !

jj- •" i

i> 10 ill £Jl>l«JI J.i i. In H i

.1LL1«VI 3j I « r î .'.̂ J.! i*.

Ul i}>i-*JI kii

* ; -•"'•' * • j . 2
it-'--" -XT '.-t t-- *• VI iS^^LijVI ''**j j* -" i"

j ^' — i11

JJ>" °̂  cjlj j" HI* _jj i ii ill (. i j 'i j • i .- t*-l>

Dose equivalent: :i___Cjj>JI

J*- J*J ^UU-iVI

Dose limit:

.ICRU, Bethesda, MD (1993)

iuiLS*ji



Dose-area product:

Effective dose:

.5J>ii*JI

298

'* "jT** £*t»

= E WT . HT

.T J-»Lt :WT j <T :H

.(Sv) "^j

Emergency plan:

Employ en

J*JLJ ^JJI

Entrance surface dose:

E = WT . WR .
T R

,R uiUU-iiU " ;-••"; c*.j-»JI £.U-iVI J-.U :WK

<J.Kg' (̂  5JUiJt î .jjJ» iJ^AJ .T

:A . v W; MI « 1 1

L' u ^ '
cM ^ .A" « .1 xUt jUai

' *

:J>>rjJI r̂ U n>
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Equilibrium factor:

Equivalent dose:

.(Sv) "^

Ethical review committee:

'ttj^j "f< J— -*L*

Excluded:

Exposure:

iJb-*»>j fti . .1il) yJrjLi. «j*_H>!

.(Average mammary glandular dose

•S'-'«K<H i

u-. F
S >

ILuttJI Lj 21U» ooii lj sJl • •-•^••ti

,H

HT R = EXj. R . WR

:WR j ,T

H = E W .
T R

J.Kg"1 :̂ » iiilijl

.feu, AT 1 1 o-i

J* (



^l^ik.^ji *j^> 300

Exposure pathways: »U^j ti l l c^tl jl m «

. •* * * -*•• j! (jLiiiVI (jJI J i<i> jl S i .ii < 11 »*LJJ L^JiL*' i>« o^j L»--" • < l 1 1 -•• t11

Guidance level: -t^1*'——«ijVI ^j" m «(l

Guidance level for medical exposure: ;^j ti l l ^j t"l ) ^iLS/jVI ^j" m « i l

l̂l «jL*u ^JJI y-tbuiVI JsUuJI 4! î >>Jt JOJL* jl x-tjjJI î J

jLa> (ĵ  " •*r1^-* *ljJr' . <-t>L i>'i r <^>L ^ >" HI» ojjb»wj 5-LjLijJI Sij^M ^* jjLitJLi

j_..utj î »L*JI cJljj-laJI iLtlj^ ^t , 2_Uj-u» J.U, jt iLbjJb* u-jlS lil U jJjUSJ U...M ht)

Health Professional:

Health surveillance:

High energy radiotherapy equipment: tiJJLLJI ILJLaJt c,l_jL-i

jjJul Jj i MII 111 LI* I Cjli ^U-iVI LLl

- • i ' ' LLtlaj>J! »l t^-* ...I. ̂ -a. jL>JI «̂ . - A-H. £ 2L*Jt •'•' - y - - * j < *» ' j * j *_• <

Imaging devkes: :̂  — -j j i^'

'•.' *i iVill S • ill » I Ĵ . jJ

.(L«La» (JLilj^uLSj >i.

Installation processing radioactive substances: * •* • •*• (11 ^I^^J
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UU. JUU

,1 a-L-^ji >JL»»J ju îiii ,1 <sru.ijji jut.ii «t .uu-ji

JU-JI
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Kerma:

Legal person:

Licence:

licensee:

Limit:

Medical exposure:

i K a,, ».»

dm

Jy»>jj .dm

(Gy)

;(ij jlu-c VI) <U»>tLiJI

2a j »i .1i • j^

" u— Si .(J.Kg1)

'• j'' * 3 **

Jl jt .
" -.» -» j ^

UJl L^u/ V L»J

aJf



303 .-.t^iu.^,1

Medical practitionen

*•' (I) :

Member of the public: «JJrf«'*^ U-«

*' — " Ljli i*._,*JI 3* j t-rt"

Mine or mill processing radioactive ores: :4t i1i«)l <^jUl»JI A»JLu« iJb^j ji n>«'i «li

ji ^j^iljjjJI a i ...i ... j^
3 * A « '* cjUli

Ul i

it ILiljjrfi oljiĵ  ^l£iV UuL-JI «>2JJI 4j 3Ji
>*JI >*»JI

Monitoring:

Multiple scan average dose: ;^t l n S « H j^j - ^ ~ < * 4 In n>>L

-
I -nI/2

:n

:D(z)
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Natural exposure:

Natural sources:

Nuclear fuel cycle:

J.i • .tit |

" j •_• ; u j %< -— -

Ju» J-ji.ln-l 3-.UJI Ci

'4JJ*-"

^ u -t.-.̂ i

Nuclear installation;

J 9-J-i

Normal exposure: :^jl »M (j

cilli Ĵl Uj . j,i.^« j! ii.-tr. , I ii-iUJI J..i A"! I) t-»»jJi J-lA ^J 4̂ ii2 aJ*2_JI o

SlJ.

Notification : ̂  1̂ —— » V I

.(A-r

:/«jj-JI

jt ,Uj

Occupational exposure:

«juk ^>» z<->.- ... ,11 C*
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Organ dose:

i>* T

DT = (l/mr) f D dm,1 1 JmT

.dm

Personal dose equivalent: »^.^i^ All

jy» ^J-t iUJI aiji.Allj iliJI 4j>ill oULuiVI «>• Jil ij'jjujl '.-,<"

= d

Planning target Volume: I^M t i t

S^U-iVI U>>JI jLuI JJU 5--6.U-iVI

Potential alpha energy (of radon progeny

and thoron progeny):

Potential exposure:

JLkk l̂ ilUi ^J LH ,VUa*-» SiiiiW cjb 4 l̂o»l vpJUl jl £t.x». 4«v î j
.J.- -•»••"

Practice:
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Projected dose:

Protection and safety:

Protective action:

Publk Exposure:

Qaanfied expert:

Radiation:

Radiation generator:

ljuk

U)

'.-'•-" jl '.-,'-"

*i>».i 0*̂ 1 j »i»

1,13̂ 1

oU^»JI J-Jii jl

:jl __ ,$fj i__»lJjJI

JiLu,jJt

:̂  _ 5lJ>H

:J ——— *J-JI

.ou4i jt

.J—î J- l̂ «i*UU-4Y» jJiil

tfcU-iVI a_J>«

4lJ î * IS * ̂ il^LjuD ^̂  A^ L l̂̂  J A^l 3̂ ^^

I LM
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Radiation protection officer:

Radiation weighting factor:

:cjLc.bu2/YI (j* JLilijJI Jj j MI «

JU» Ol.illn"* JJ.i hi ifLf, Ulĵ LJ 4J (JA^^JI j) J > 4'ijiJJ

W -

j - — ' iJLlaJI .

,uji m

(i)

i)b l̂ dl
:E t±

WR = 5

WR j
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*LJI ̂  O.JUJI J.U. ,irl«wiJI UUaJI Jlial ilVoj J-.UJI 5 t̂>, :Q(L) • ' -^,," î j*JI :D •*.•-

fcj>j >* DL j ,2-ytLa-ivi o-^Lujij cju*.>u iLj.jji *i»JJ <">v ^3j ij-iuji ^j ^JL*^JIJ ,L
.L j D

1 for L ^ 10
Q(L) = 0.32L-2.2 for 10 < L < 100
300A/L for L S; 100

J5J t̂

Radioactive discharges:

3 M • •

^jju 3'i.i.iM ^J S .1 1 1* -il*-* J' Jl'j-^ j' '^•^v^'Jji' j'

RadioactiTe effluents

Radioactive waste:

j u ' ' *
IA (ft* i*1 '\f tf*i ^dt^'ni) î L>J o>^< 0'

'I'MII/J Vj 'V iSjUl^t gjj <^tlj j* i IK jjUtiSS S^bC-buJil C«LULlu J*

Radioactive waste management facility: :S • ni«M C^LLkJI ^J <Jlj i^lM »>* j-»

INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION, 1990 Recommendmtiow of the laenutioiul
Commurioo on Radiological Protection, Publication No. 60, Ann. ICRP 21 1--3, Peqpunon Prow, Oxford and
New Yoit (1991).
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Radon:

.AT JJI oj.»»j

Radon progeny:

i jo— ill

Recording level:

Reference air kerma rate:

Reference level:

t j**vJJ . JLi>iiii"l) j) (Ji-JuJI

tf j" m«M

(>• ^ CjU J* ill « l ( «JUk

Reference man:

Registrant: :J——i^

2jl2>JI 3— jU*J) «Ju» JV

INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION; Rafetence Man: Anatomical, Physiological (fl •)
and Metabolic Characteristics, ICRP Publication No. 23; Pergamon Press, Oxford (1976).
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Registration:

ji aijli* jJ*Uk« îc. <>J*3 CiLvjUJ jiV) JlS-if

j J»j.j-ij

LM So*-

Regulatory authority:

Remedial action:

0*

jt i- jUJL jiV) (jjftj^j .ciiljjL*Jlj jJ

j! J»ij-Ulj jU^I pj>U ol.llnl* j>il ji

:IiL__ l̂JjJI

Risk:

Uj Ji-Jill

I»U»JI

Safety asMssment:

Safety culture:

^ ̂ "

Sealed source:

ilU- ,xl*.t

:jl___•$!

J,- - -*-T j p_- 1 -^T

I |»IS*.1

4 —— JLu

:r
%« (I)
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Source:

jt

a.iM ml)

jl

Jb*-J OJLJ US <

. ^j U.II

Sponsoring Organizatioius:

Standards dosimetry laboratory:

J»U»JI

Stochastk dfects of radiation:

Supervised area: l.>iM s * <-•• |U

Supplier:
f

:•> jj

jf iX-'T — t" Jb*r'
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Thoroa: •UJJ

.AT

Thoroa progeny: UJJJ—-" 5—»'>»

Tissue weighting factor: •J-JI £U-UfcJI J-»Lt

,>•

y-'j -•>••"

WT . £*.j-JI ^_- •••" ^_. - . . - -11

a — ijji

l ijJUIj , JUwkJIj .

i-tij-. iUli* î -jj- yJ-J »U^c.YI jl i*̂ .YI

Ui - J - T O .jjJ c*-j^ J-u.

»LwYlj ,
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Unsealed source:

Worker:

Working level (WL):

Working level month (WLM):

:A>h>MJf j^Jc, j<\ i^<M

*ĵ  V icjJI j • t - — t"

(.JL^fj jT j J^UJIj

5ji JiJ J«12J( tiliiUI JiU.

" <

1 WLM = 170 WL.h





t





accident

accidental medical exposure

action level

action plan

activity

acute exposure

administrative requirements

alternative employment

annual limit on intake
application (for authorization)
application (of the Standards)

assessment

authority
authorization

authorized discharge
authorized person
authorized practice

avertable dose

breach (of requirements)

2.25, 2.30, 2.35, 2.36, 3.1, 3.10, 3.15,
1.46, H.29, IH.13, HI.15, IV.6,
IV.10-IV.12, IV.16, IV.18, IV.21, IV.22
V.3-V.5, V.ll, V.17, V.23, V-5,
Glossary
H.29, H.30
2.5, 3.5, 3.6, 3.11, 3.14, m.l, V.8-V.9,
V.11-V.22, VI.2-VI.5, V-10-V-11,
Table V-I, Schedule VI, Glossary

3.11, VI.2, VI.4

2.19 (footnote 8), 2.22, 1.38, 11.17, 11.19,
11.28, m.8, m.10, IV.5, IV. 17, V.8,
VI.3, 1-4, Table IE-V, Table III-VI,
Glossary

Table IV-I

2.10-2.19, 3.7-3.12

1.18

n-10-IM7, Table II-I, Glossary
2.11-2.14,1.53
1.3, 1.6, 1.7, 2.1, 2.6, 2.8, 3.1, 3.2,
H-l-II-4

(see exposure assessment and safety
assessment)
(see Regulatory Authority)
1.13,2.10-2.14,2.34,3.1, Glossary
m.9-m.i3
1.10, 2.7, 2.15-2.16, 2.34
1.10, 2.14-2.16, 2.19, 2.20, 2.23, III.9,
IH.14, m.16, 1-6

3.1, 3.3, 3.14, V.8, V.10, V.12, V.21,
V.27, Schedule V, Glossary
1.11-1.14
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calibration

chronic exposure

classification of areas

clearance (from requirements)

clinical dosimetry

communication

compensatory arrangements
compliance

conditions of service

conflict

constraint

consultation

consumer products

contamination

controlled area

co-operation

corrective action

critical group

defence in depth

definitions

detriment

2.39, 2.40, II. 1, 11.12, 11.19, 11.23, n.32

2.5, 3.1, 3.2, 3.6, 3.11, III.1,
Appendix VI, Table IV-H, Schedule VI,
Glossary

I.21-I.25, 1.38

2.19, IH.9, Glossary

H.l, 11.20, 11.21, II.30-II.32

1.11, 1.12, 1.22, 1.23, 2.28, 2.34, IV.20,
V.4, V.5, V.31

1.15

1.9, 1.11-1.14, 1.22, 1.23, 2.15, 2.34,
2.38-2.40, 1.1, 1.6, 1.7, 1.9, 1.11-1.15,
1.42, 1.53, E.3, H.13, m.ll, III.IS, IV.8,
IV.14, V.29, H-lO-n-18

1.15-1.20

(see resolution of conflicts)

(see dose constraint)

1.9, 2.27, 1.4, 1.26, 1.50, 1.53, n.l, II.6,
V.22

2.2, 2.10, 2.22, ra.14-m.17, Glossary

3.1, 1.21, 1.23, 1.36, m.7, m.13, V.ll,
V.14, V.17, V.18, V.30, Glossary

I.20-I.24, 1.27, 1.33, 1.34, 1.38, ffl.5,
Glossary

1.9, 1.4, 1.10, 1.27, 1.30, 1.31, 1.37, 1.40,
n.i3-n.i5, m.5, iv.s
1.9, 1.11, 1.13, 2.28, 11.24, H.30, IV.ll,
IV.23

in.2, m.3, III.10-III.13, II-8, V-2,
Glossary
2.35, Glossary

(see 1.1 and Glossary)

H.4, n.7, Glossary
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diagnostic exposure

discharge (of patients)

discharge (to the environment)

disposal

dose assessment

dose constraint

dose limit

dose per unit intake

effective dose

effluent

embryo

emergency exposure

emergency plan

employer

entry into force

equivalent dose

Ethical Review Committee

evacuation

exclusion

exemption

n.l, II.2, II.4, II.5, II. 14-11.17, 11.24,
H.25, 11.29, H.31, Schedule III

11.28, Table HI-VI

2.5, in.3, m.4, m.9-in.l3, V.5 (see
also authorized discharge and Glossary
under Radioactive discharges)

2.5, 2.7, 2.33, III.8, HI.15, HI.17, IV.9,
V.30, 1-5

(see exposure assessment)

2.24, 2.26, H.l, 11.26, 11.27, III.3, IH.6,
IE. 15, II-9, Glossary

2.23, 2.26, 1.4, I.50-I.54, III.2, IH.9,
IV.20, V.27, V.32, Schedule II, Glossary

II-12-II-18, Tables II-II, II-III, II-VI,
n-vn
2.23, 2.26, 11.17, 1-3, Schedule II,
Glossary

2.5

1.17,1.27,11.16,11.18, Table IV-I
1.12, 3.1, 3.2, 3.5, 1.46, Appendix V,
Schedule V

3.1, 3.9, 3.10, 1.27, m.2, IV.12, IV.14,
V.2-V.7, V.9, V.12, V.13, V.19, V.29,
Glossary

1.6, 3.7, Appendix I, HI.5, Glossary

1.15-1.17

2.23, n-5, n-6, n-8, n-n, IMS,
Glossary

1.7, II.8, H.26, Glossary

V.12, V-7, V-8

1.4, 2.5, 2.7, 1.3, III.1, HI. 14

2.5, 2.7, 2.11, 2.17-2.19, III.l, IH.14,
IH.15, Schedule I
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exemption criteria

exemption level

exposure

exposure assessment

facility

foetus

foodstuffs

good engineering practice

guidance level

health professional

health surveillance

human factors

inspection

installation

intake

interpretation

Intervening Organization

intervention

2.17, 2.19, Schedule I

2.17, 2.19, Schedule I, Table I-I

(see accidental medical exposure, acute
exposure, chronic exposure, diagnostic
exposure, emergency exposure, medical
exposure, normal exposure, occupational
exposure, potential exposure, public
exposure, temporary exposure, therapeutic
exposure, transboundary exposure and
voluntary exposure)

2.13, 1.10, I.31-I.36, 1.38, 1.44, 1.46,
n.3i, in.2, m.3, m.io, ra.is, iv.i9,
V.23-V.25, V.31

1.3, 2.2, 2.3, 2.12, 2.26, 2.33, IV.2,
IV.13

(see embryo)

V.8, V.16, V-10, Table V-I

2.36

2.27, H.16, H.24, H.25, 11.29,
Schedule HI, Glossary

1.7, II. 1, Glossary

1.4, 1.10, 1.18, I.41-I.43, 1.47, Glossary

2.30, H.ll, H.12

1.10, 2.36, rv.ll, IV.16, IV.25

2.2, 2.3, 2.12, 2.33, H.15, 11.16, 11.23,
IH.6, IV. 1, IV.2, IV.13

2.22, 1.36, 1.46, IMO-H-18, Glossary

1.1, 1.21, 1.23

1.5, 3.1, 3.7, 3.8, 3.10-3.12, V.I, V.3,
V.4, V.7, V.20, VI.l, VI.2, VI.5, Glossary

1.3, 1.5, 1.9, 2.5, 2.30, 3.1-3.15, 1.28,
1.46, IV. 14, V.1-V.4, V.8-V.22, V.26,
V.27, V.30, V.31, VI.l, VI.3, II-4,
Schedule IV, Schedule V, Glossary
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intervention level

investigation

investigation level

iodine prophylaxis

justification

legal person

lens (of the eye)

licence

licensee

licensing

limit

local rules

management of radioactive waste

management requirements

medical exposure

medical practitioner

medical research

mines and mills

mitigation

monitoring

3.5, 3.13-3.15, V.4, V.8-V.22,
Schedule IV, Schedule V, Glossary

1.46, H.29, 11.30, IV.18-IV.20

1.26, IV. 18, Glossary

V.12, V-9

2.20-2.22, 3.15, 1.50, H.4-H.9, V.9,
V.10, V.15, V.21, V.26, VI.2, 1-1,
Table IV-I

2.10-2.16, 2.34, 3.11, H.29, Glossary

H.16, H-5, H-6, H-8, Table IV-I,
Table IV-II

2.11-2.14, 2.34, Glossary (see also
licensee)

1.6, 2.15, 2.16, 2.28, 2.32, 3.7-3.10,
3.12, Appendices I-IV, V.I, V.5, V.6,
VI. 1, Glossary

2.10-2.14, 1-1, 1-4, 1-6

(see dose limit)

1.23, 1.26, 1.27

(see radioactive waste management)

2.28-2.32

2.4, 2.6, 2.14, 2.21-2.24, 2.26, 2.27,
Appendix II, II-l, Schedule III, Glossary
(see also accidental medical exposure)

I.7, 2.14, 2.27, ILCn.3, 11.16, 11.17,
II.20, H.24, H.29, Glossary

n.s, n.26, n.3i
2.2, 2.7, 2.12, Glossary

iv.io-rv.i2, rv.22
2.38-2.40, 1.4, 1.10, 1.23, I.32-I.40,
1.53, n.i5, n.23, m.2, m.n, m.i3,
V.23-V.25, Glossary
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natural sources

non-compliance

normal exposure '

notification

nuclear installation

obligations

occupational exposure

optimization of protection

parties

personal protective equipment

potential exposure

practice

pregnant worker

principal parties

programme

projected dose

prophylaxis

protection

protection and safety

2.1, 2.5, 3.1, 1.3, 1.5, 1.14, IH.l, H-l,
Glossary

1.11-1.14

2.4, 2.23, 2.37, I.I, 1.21, 1.22, 1.27,
IH.2, Glossary

2.7, 2.10, 2.16, 3.1, 3.12, V.4, 1-1, 1-4,
1-6, Glossary

2.2, 2.12, 2.33, IV.2, Glossary

2.7-2.10, 2.13, 2.34, 3.3-3.6, 1.8, II.1

2.4-2.6, 3.7, Appendix I, H.9,
IV.10-IV.13, V.27, V.30, V.32, H-2,
n-5-II-7, Glossary

2.24-2.26, 3.15, 1.4, 1.50, 1.53,
ii.io-n.26, m.2-m.4, m.6, m.7, m.9,
m.15, V.9, V.11-V.16, VI.2, VI.4, 1-3,
Table IV-I, V-5, V-7-V-9, V-12, VI-2

(see responsible parties and principal
parties)

1.4, 1.10, 1.23, 1.28, 1.29, 1.36, IV. 12

2.4, 2.6, 2.13, 2.35, 2.37, LI, 1.21, 1.22,
1.27, 1.35, 1.38, Appendix IV, II-3,
Glossary

1.3, 1.9, 1.17, 2.1-2.40, 3.1, 3.8, 1.50,
m.i, ra.3, m.4, m.9, rv.2, iv.7,
IV.ll, V.3, M-I-4, 1-6, IM, II-8, Glos-
sary (see also good engineering practice)

1.16, 1.17, 1.27

1.6-1.11, 233, 1-1

(see protection and safety)

V.10, Table IV-I, V-2, Glossary

(see iodine prophylaxis)

(see Glossary under Protection and safety)

1.9
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protective action

protective equipment

public exposure

qualifications

qualified expert

quality assurance

quality control

radiation generator

radiation protection officer

radiation protection requirements

radioactive substances

radioactive waste

radioactive waste management

radon in homes
radon in workplaces

records

registrant

registration

Regulatory Authority

3.1, 3.3-3.5, 3.9, 3.10, 3.12, 3.13, 3.15,
IV. 14, V.4, V.5, V.8-V.22, V.26,
Table IV-I, V-l, V-4, V-7-V-9, Glossary

(see personal protective equipment)

2.4-2.6, 3.8, II.9, 11.28, Appendix IE,
IV.IO, IV.12, IV.13, V.23, 1-3, II-5-II-7,
Glossary

2.14

1.7, 2.31, 2.32, 1.37, II.l, H.2, 11.22,
Glossary

2.29, 1.32, H.l, H.2, 11.12, 11.22, 11.23,
IV.6, FV.16, IV.24, IV.25

2.29

2.2, 2.11, H.13-n.l5, H.23, 1-4, Glossary

I.7, 1.26, 1.37, Glossary

2.20-2.27, 3.13-3.15

2.1, 2.2, 2.12, 2.22, 2.26, 1.27, 1.36,
II.28, m.3, III.4, ra.9-m.13, IV.5,
IV.14-IV.17, V.5, V.ll, I-4-I-6

2.2, 2.5, 2.12, 2.26, 2.33, ffl.8, IV.2,
Glossary

2.2, 2.12, 2.26, 2.33, HI.8, IV.2

3.1, VI.4, VI-2

2.5, 3.1, III.l, VI.4, II-2, VI-3

1.9, 1.10, 2.40, 1.4, 1.12, 1.27, 1.40,
I.44-I.49, 1.53, H.19, 11.20, 11.23, 11.31,
II.32, m.2, III.ll, HI.13, IV.6, IV.17,
V.25, V.31

1.6, 2.15, 2.16, 2.28, 2.32, 3.7-3.10,
3.12, Appendix I, II, HI, IV, V.I, V.5,
V.6, VI. 1, Glossary

2.11-2.14, 2.34, M, 1-4, 1-6, Glossary

(see, in particular, 1.5 and Glossary)
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release (from requirements)
release (radioactive)

remedial action

resolution of conflicts

responsibilities

responsible parties
risk

safety

safety assessment

safety culture

scope

sealed source

security of sources

sheltering

signs (for access to supervised areas)
skin

source

special circumstances

Sponsoring Organization

2.19
2.26, 3.15, IV.5, IV.14, V.ll, V-5
2.5, 3.1, 3.3, 3.4, 3.6, 3.11, 3.13,
VI.2-VI.5, VI-3, Glossary

1.18-1.20

1.6-1.9, 2.15, 2.28, 2.30, 2.33,
3.7-3.11, I.1-I.14, 1.31, H.l-n.3, H.30,
m.i-m.4, m.io-m.i3, rv.i, iv.2,
IV.8, IV.9, IV.15, IV.16, V.I, V.2, V.4,
vi.i, n-i
1.5-1.9, 1.22
1.9, 3.14, 1.27, 1.28, II.4, 11.18, III.2,
IV.8, V.27, V.28, V.31, VI.2, 1-2,
Glossary

(see Glossary under Protection and safety)

2.13, 2.29, 2.37, IV.3-IV.7, IV. 12,
IV.16, Glossary
2.28, 1.4, Glossary
1.3

2.2, 2.11, n.i3-n.i5, n.i9, n.2o, 1-5,
Glossary
2.34

V.12, V-7

1.25, IH.5

1.23, H-5, H-6, II-8, Table IV-I, Glossary
1.2, 1.3, 1.17, 2.1-2.5, 2.7-2.9,
2.11-2.17, 2.19, 2.20, 2.24, 2.26,
2.33-2.37, 3.1, 3.8-3.10, 1.3, 1.5, 1.7,
1.8, 1.13, 1.14, 1.23, 1.30, 1.42, 1.45,
n.n, n.i3-i5, n.i9, n.2o, 11.27,
m.l-m.4, m.6-m.l3, Appendix IV,
V.3, V.4, Schedule I, H-6, Glossary

2.23, I.50-I.54, H-7

1.3, 1.10-1.15, 1.17, 1.21, 1.23, 2.6,
2.8, 2.13, 2.33, 2.34, 3.2, IV.2, Glossary
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supervised area

supplier

technical requirements

temporary exposure

therapeutic exposure

trained and qualified personnel
training

transboundary exposure

transfer

transport of radioactive material

unsealed source

verification

visitors

voluntary exposure

warning symbol

worker

young persons

1.24, 1.25, 1.27, 1.34, 1.38, m.5, Glossary

1.7, II.12-II.15, III.14-ra.17, IV.8, IV.9,
Glossary
2.33-2.36

3.1

n.i, n.i7, n.i8, n.2o, 11.21,11.27-11.29
2.28, 2.30, II.l, 11.12, IV.12

2.1, 1.4, 1.10, 1.20, 1.27, II.l, 11.12,
IH.2, IV. 11, IV.12, IV.22, V.3, V.28,
H-6

IH.4 (footnote 25), V.7

2.7, 2.34, 1.53

2.7, 2.9, m.8

2.2, 2.11, H.19, 11.20, H.28, 1-5,
Glossary

2.37-2.40, 11.23, HI. 13, IV. 19,
II-10-II-18
11.27, III.5, H-9

n.r, n.26, n.27, n.3i, v.28, n-9
1.23

1.7, 2.5, 2.13, 2.28, 3.7, 3.12,
Appendix I, IV.10-IV.12, V.25,
V.27-V.32, H-4, II-7, Glossary

1.19, 1.20, H-6, II-9
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U

1)rli*4 fr
t ̂  .-, >.

^ JuUJI SjU*. Jl̂ Jj .SjLJNl«Jt ^-Jl t- Oil —— ̂1

349



CM

JiU- CM ij.l.ii') t>

CM

CM

CM

350

>**• f.ii^j aJj .j,uLv»JI t-»j JU*4 j Uj tLU-AS fSJJ ahAjfr) .iitiJI UKj* s-iLi»

CM

CM
(\\Q pjj) oiUU-iVt CM 2j

ciULuiVI) uiLtU-iVI CM u-uUljJI ijlij 0*Liu
1— -f I jtfjU+JI l̂i*.! SLtlj^ g* .yjUiJI K js~*« ^U. ^U-U-î l CM i.li>U
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