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FOREWORD

This report was prepared by Battelle Pacific Northwest Laboratories
under contract with the Office of Standards Development of the Nuclear
Regulatory Commission. This effort was undertaken to remove some incon-
sistencies from the age-dependent dose conversion factors used in NRC
Regulatory Guide 1.109, "Calculation of Annual Doses to Man from Routine
Releases of Reactor Effluents fcr the Purpose of Evaluating Compliance
with 10 CFR Part 50, Appendix I," as published for comment in March 1976.
The revised factors in this repurt are currently being used in evaluations
performed by the staff of NRC's Office of Nuclear_Reactor Regulation for
the purpose of determining compliance with Appendix I of 10 CFR Part 50.

The dose models employed in the derivation of these factors are based
primarily upon a 1959 report of Cocmmittee 2 of the International Commission
on Radiological Protection (ICAP) as updated by ICRP reports 6 and 10.
There are on-going efforts by the NRC staff to further refine these conver-
sion factors and to update them using the new physiological and anatomical
data in ICRP Report No. 23* and more realistic methods of corisidering the
radiation doses to other target organs from gamma photon emitting radio-
nuclides located in a specific scurce organ. These modified dose-

conversion factors will be published as they become available.

»*
International Commission on Radiological Protection, Report of the Task
Group on Reference M::, ICRP Report No. 23, Pergamon Press, Oxford,
england (19757,
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Comments, corrections, and suggestions for impoving this compilation

would be appreciated and should be transmitted in writing to:

The Secretary of the Commission

U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Attn: Docketing and Service Section

R. B. Minogue, Director
Office of Standards Development

i
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AGE-SPECIFIC RADIATION DOSE COMMITMENT FACTORS
FOR A ONE-YEAR CHRONIC INTAKE

INTROBUCTION

During the licensing process for nuclear facilities, radiation doses(a)
and dose commitments must be calculated for people in the environs of a
nuclear facility. These radiation doses are determined by examining
characteristics of population groups, pathways to people, and radionuclides
found in those pathways. The pertinent characteristics, which are impor-
tant in the sense of contributing a significant portion of the total dose,
must then be analyzed in depth. Dose factors are generally available for
adults, see Reference 1 for example, however numerous improvements in data
on decay schemes and half-lives have been made in recent years. In addi-
tion, it is advisable to define parameters for calculation of the radiation
dose for ages other than adults since the population surrounding nuclear
facilities will be composed of various age groups. Further, since infants,
children and teens may have higher rates of intake per unit body mass, it
is conceivable that the maximally exposed individual may not be an adult.
Thus, it was necessary to develop new radiation dose commitment factors
for various age groups. Dose commitment factors presented in this report
have been calculated for a 50-year time period for four age groups.

(a)In accordance with common practice, the term "dose", when applied to
individuals, is used in this report instead of the more precise term
"dose equivalent", as defined by the International Commission on
Radiological Units and Measurements (ICRU).



CALCULATIONAL METHOD

One system for calculating radiation dose to an individual or population
group involves multiplying a dose factor by the concentration of the radio-
nuclide in the medium of interest (i.e., food) and By an appropriate usage
factor. The total dose to the bedy or to a specific organ is obtainad by
summing the contribution from all radionuclides irradiating that organ or
the body.

A basic equation for calculating the radiation dose to peopie from various

pathways is:
Daj = Z Raipj : 2 :cip Uap Daipj (1)

where
Daj = the total dose commitment to a given organ j of an individual in
age group a from all nuclides and all pathways,
Raipj = the dose commitment to organ j of an individual in age group a
from nuclide i, via path p,
Cip = the concentration of nuclide i in the medium of path p,
Uap = the usage: the usage rate or consumption rate associated
with pathway p, for age group a, and
Daipj = the dose factor: a number specific to a given individual's age

group a, nuclide i, pathway P, and organ j, which can be used
to calculate radiation dose cowmitment from usage rate and a
given concentration of a radionuclide.

Dose factors have been previously calculated for the most important
pathway-person type-organ-nuclide combinations of interest.(]) Dose calcula-
tions are divided into three principal segments: 1) radiation doses from
liquid effluents, 2) radiation dose from gaseous effluents, and 3) radiation
doses from contaminated surfaces or volumes (external or direct radiation).
In the following discussion, only the dose factors which are used in the cal-
culation of internal exposure to radiation will be considered.



Since radiation doses may vary for people of differing ages, four sets
of dose factors have been calculated and presented. The ate groups considered
are "infant" (0 to 1 year old), "child" (1 to 11 years old), "teen" (1 to 17
years old) and "adult" (17 years and older). The "child" is represented by
a typical 4-year old, the "teen" by a 14-year o0ld and the adult by the defi-
nition for Standard Man as described in the International Commission on
Radiological Protection (ICRP) Publication 2.(2)

The dose factors in this report were calculated for a 50-year dose com-
mitment resulting from a chronic 1-year intake. The initia} intake may occur
at any point during the life of an individual, but, by choosing the appro-
priate age-specific dose factor, a radiation dose may be calciLlated.

DISCUSSION

Equations for calculating internal dose commitment factors were derived
from those given by the ICRP(Z) for body burden and maximum permissible con-
centration (MPC). Erfective absorbed energies for the radionuclides were
calculated from the ICRP model. When necessary, these energies were corrected
for the ingrowth of daughter radionuclides following ingestion or inhalation
of the parent. A1l radionuclides treated in this manner are followed by a "+D"
in the lists of dose factors and input data. Quality factors, as listed in
ICRP Publication 2,(2) were applied to the effective energies, including the
value of 1.7 for beta particles and electrons with energies equal to or less
than 30 keV. Age-dependent parameters were applied when available, but, where
data were lacking, metabolic parameters for the Standard Man(z) were used for
other age groups.

Effective absorbed energies used to compute dose factors are controlled
by the size of the organ. Thus, as an individual grows and the sizes of his
body organs increase, the total amount of radiation absorbed in an organ will
also increase but the amount of energy absorbed per unit mass will generally
decrease. If an intake of radioactive material occurs before an individual
matures, later increases in organ size and mass may affect the dose commitment.
In calculating the dose commitment factors listed in Tables 1 throuygn 8, this



The mass of the contents of the gastrointestinal tract (GI tract) was
taken to be Proportional to total-body mass. The travel time to the lower
large intestine (t') and the travel time through the lower large intestine

t') were also assumed to be proporticnal to the mass of the total body.
Radioactive decay of the radionuclide ingested was accounted for in calcy-
lating dese commitment factors for the GI tract.

In certain instances, the energy of a daughter nuclide makes a signifi-
cant contribution to the effective énergy per disintegration of the parent
nuclide at the entrance to the Tower large intestine (LLI). This occurs
when the ratio of daughter decays to parent decays is relatively large. Such
a situation arises when the following conditions exist. The Parent decays to
a daughter nuclide which: 1) is less efficiently absorbed from the small
intestine than the parent, 2) has a long enough half-life to persist through
the upper large intestine, and 3) has a short enough half-Jife, compared to
the parent, to present a relatively high disintegration rate in the lower
large intestine. In these cases, the energy of the radiation absorbed in
the Tower large intestine per disintegration of the Parent was calculated
using Equation (A-26) as given in Appendix A. Some radionuclides have daughter
products which will e absorbed into the blood stream before reaching the
Tower large intestine. In these cases, the energy of the daughters was not
included in the dose commitment factors for the GI tract even though it was
included for other body organs.

Since specific biological half-Tjves are available as a function of age
for hydrogen, iodine and cesium, that information was used when computing the
dose commitment factors for the radionuclides of these elenents. For othar
radionuclides contained in this report, the biological half-lives for Standard
Man were used for all age groups. Dose commitment factors calculated without
using age specific biological half-lives will generally overestimate the
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radiation dose for age groups other than adults. This overestimate occurs
because biological half-lives for adults tend to be greater than those for
younger individuals. Other biological parimeters which were assumed to
remain constant for all age groups are: fraction reaching organ of reference

by ingestion (fw) and by inhalation (fa), fraction from G% trﬁct to blood
2-4
(f]), and fraction from blood to organ of reference (fé).

The equations used to calculate the dose commitment factors can be
found in Appendix A while the parameters needed in these equations are listed
in Appendix B. The dose commitment factors calculated using these equations
and input parameters are listed in Tables 1 through 8. These dose commitment
factors have units of millirem/50 years per picocurie taken in during i year.
Suggested dietary intake rates for the four age groups may bc found in Regu-
latory Guide 1.109.
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APPLICATION

Dose commitment factors have been calculated for most radionuclides
released in the nuclear fuel cycle. Factors for any nuclides not found in
this report may be calculated using the equations in Appendix A.

The dose commitment factors for adults (Tables 4 and 8) may be applied
to an acute intake with an error of 5% or less. For other age groups, the
dose commitment factors due to an acute intake may differ significantly
from those listed in Tables 1 to 3 and 5 to 7. These differences are largely
due to the time relation between the exposure period and the organ mass
changes as the individual matures. The acute vs. chronic exposure conditions
are especially significant for the infant age group, who in the scheme
employed here becomes a child after one year. The portion of the infant dose
commitment arising after the year of chronic exposure is derived from the
larger organ masses (hence lower organ cencentrations) of the older age groups.
Thus the dose commitment associated with a unit radionuclide deposition in an
organ near the end of the infant chronic exposure period may be significantly
different from that assigned to an earlier organ deposition. These consider-
ations are, of course, sen: ::<.e to the effective halflife of material in the
organ. Thus if the factors in this report are wsed to calculate dose commit-
menrts due to an acute intake for infants, children or teenagers, the results
may underestimate the actual dose commitment.

The radiation dose due to absorption through skin has been included in
inhalation dose commitment factors for tritium. The authors have increased
the dose factors by 50% to account for the radiation dose for this pathway.(s)
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PER PCI INGESTED IN FIRST YR)

KIDNEY
3.76E-06
2.14E=Q5
10995-06
B,07F =06
0.

1s8lE=0Q4
3e44FE=05
'50385'05
106“5‘0“
30905'07
.20195'07
3.51E=]0
4,06E=08
1,75€=10
8.815‘11
0,
O
O,
1.485-08
2¢86F=09
4493E=07
1,13E-08
3.8“5‘11
2.19E=08
4,88E=-08
“.80E=-08
1,09E-08
2¢20E=09
1407E=09
“0536'08
loZSE‘O9
5.02E=07
9¢95€=07
1eG0E=Q7
J«26E=08
7437E=08
3.57E=07
De
0
0.

LUNG
0.
0.
O
Oe
0.
0.
0.

Co

Oe

O,

Oe

2¢60E =0y
7.42&'05
1,31E£=05
1.10E=08%
6.64L =05
6,09t =08
3+30t=08
3.54E-10
1.05E-07
1.77e-10
09.26E-]1

0,
0.
0.
0.
O
0,
0.
0.
Oe
0.
0.
0.
0.
0.
0.
0.
O
O.
0.
O
0.
0.
Oe
0.

Gl=-LL1
2.73F=06
3.08E-06
l.64E =06
?.62E=06
0.

0.

0.

O

0.

Oe

0.
2¢32E=-07
1e91E=06
4.37E=07
2+05€=06
1e91F =06
1025E‘06
?.665-08
S5.58E=05
4,20k =05
SOIQE-Ob
TeS9E-07
9,77€=05
S.61E-05
6,86E=05
2.48E=«05
S5.73E-05
1071E'0“
4e29F =05
4¢93E=06
3.60E=05
9.27E'06
S.““E-OS
907“E-05
44,86FE=-0%
“.17€E=05
5.58£-06
3.12E=05
1,59€=~05
4.58E-05
80375‘05
6.67TE=05
3+45E«05
0.
3.82E=-07
1.62E-05
3469E=05



-

INFANT INGESTION DOSE COMMITMENT FACTORS (MREM/S0Y PER SCT INM
10TAL Ro(Y

ISOTOPE
PH21NneD
Bl21G+D
PO21G
RN222+D
RAQ22+
RAZ24eD
RAP2& D
kAP2K+D
RAZ228&+D
AC22%
ACR2274+D
THP22T74D
TH?226+D
TH220
THZ30
TH232¢D
TH?2 34
PAZ231eD
PAP33
12l3e«n
233D

\_236
U235+0L
U236
ue3z
U23ReD
NPP37 <}
NP25
NP239
PU23®
PU23Y
PU240
PUZ24) D
PU24?
PU244
AM24]
AM242M
AMP241
CM242
CM242
CM24u4
CM24%
CM246
CM2646TeD
CM248
CFese

-

30NE
Se2BE=0/
L.le-Oﬁ
3.10E=03
Do
“eb]E=Np
1e0KE=Q?
Se THE=0?
50?05‘0‘
4e32E=01
3.97F =05
4.49E-C3
1ePUE=(iC
2e¢47E=03
leuHE=(?
1,80E-03
4.24E-03
&oqu‘O/
Te87E=00
1.11E=0F
2.“2&'02
Se(RE=03
Q.BFE-ﬁ3
4ebIE=03
GebTE=D3
249507
3.47E-03
2e53E=03
1.264E-07
lellE=OK
le34E=03
1eG9E=03
10“55-03
4e JHE =05
1e35E=03
1e5/E=03
1e53E=03
1,SH4E=03
1«51E~-03
‘037E-OQ
1.“5E-03
1.728=03
10R35.03
1s87E=03
1.825-03
1e51E=02
le24E«023

L IVER
1.“?5’08
2ebBE=NS
S.93t=03
0.
FeG2E=05
3.P9k =05
heH2t =05
4eTHE=NS
?cSHE‘OS
5¢N3E=05
7.675'04
Pe01E=06
30336'05
IOQ“E‘OQ
l.QOE'OQ
163k =04
A, 77E=0H
?oSOE'OQ
6.095‘09
N,

N,

N,

e

Oe

0,

n,
1093E°04
3e12E-09
9,93E=10
10596'0“
177t =00
1077E'0“
1.90E=-06
1e70E=-04
]eO95E =04
7.18&’0“
70025-0“
6.8HE-0‘.
lo?“E‘OQ
6.“85‘0“
60165‘04
TeGE=Q4
7.“9E'0“
7.36E'n“
607 =03
0.

TABLE 1

(contd)

Page 4 of 4

?e3HFa}
39807
Te1F=04
0.

Bed2F e}
2.91t=03
l1¢15F=02
Se.loF=01
Qoeﬁf-Ol
Pob?E'Ob
e 79 =014
JuSF=Np
8.3AF=05
Te29F =04
1e06F =0
l.bSE-Oh
C«U(0F=08
3.02E=04
5.“3E'0q
2:1AF=03
3:.87C =00
J.HnE=-06
3.56F-0“
3J.b4F =06
1.32€-07
3e33tE=04
IOOQF-OQ
1 92F =09
SoblE‘lo
340t «nS
JeS54b=05
3.54F =05
R R2E~Q7
JelE =05
3.91E=05
1.09F =04
1¢13F =06
1eN6E=04
Y.10E«06
R.9IRE=0S
TeS9E=05
lel3dE =00
1el3F=04
lellfF=004
YelbE=nNG
C+95E =05

n

ThYRNID
0.
Ue
0o
De
Qe
O
(e
(U
Coe
O
Oe
O
O
0o
o
Oe
(U
O
Ue
0.
Ue
Oe
Ve
Oe
O
Oe
Oe
O
0.
(e
Ne
Ce.
1
0.
O
Ue
0e
0O
O
Oe
Qe
Oe
Oe
0.
Oe
0

KIDNEY
“e33F=02
7.08E =040
1.76€=02
0,
Jel7€=03
e 00F=04
1419€=03
BeT1F=00
4,73F =00
J.69E-N6
1e56E=04
’o“lE’Oﬁ
1.SHE=04
°.2QE-06
9.12E=04
T« 79E=04
1439F =07
1e34F~03
l1.67E=08
2e37E=0)
1,08E=03
1.06E=03
9,93E=04
1e01E=03
1.23E=06
9.2RE-04
603“F-0“
6081E'09
1.98E=09
le21F=04
1.?8&‘0“
1.286=064
30175-06
1s23E~04
le41E=04
6455E=006
6e64E =D
6.36E=04
P.62E=05
Je27E=04
2.71E-04
4,32E=04
a.31€'0“
4,24F =006
3.50E'03
0.'

GESTED IN FIRST YR) -

LUNG

Oe
0,
0.
0.
0.
0.
0.
Oe
0.
0.
0
0.
0.
0e
0.
O
0.
0.
0.
0.
O
0e
0.
0
0.
0.
0.
N,
0.
0.
O
Oe.
0.
Oe
0.
0.
0.
O
0.
0.
0,
0.
0.
0.
0.
0.

GI-LLI
5e62F =08
S.27F =05
6.61F-05
De
3.Q3F-DA
3, R6E=N4
1.““F-0“
E.86FE=-05
00365‘0“
8,50F=05
S, T0F =04
5.3“5-06
S.31F =04
6,264F =05
5.31E‘05
«19F =N
7.““F-05
1.46F «05
7.04¢ =05
6.51F'05
6.37F'°5
B, 10fF=ns
S.98F =015
2e11F=n5
So’lE-OS
R.,23F =05
4,17F=-05
2.F F=0S5
7.“’7"“05
6.915'05
T.04E=05
1.45E-06
6.775.-05
1.01F=04
7.70E=05
9.69E-0%
9.03F=05
8.83E°05
8,10F=05
7T.B4F =05
T.30F=05
7.17€E=08
9.,43F=05
1.52E-03
2.99€<n4



TABLE 2

K_, Page 1 of 4

CHILD INGESTION DOSE COMMITMENT FACTORS (MrEM 50y PER PCI INGESTED IN FIRST vyR)
1SO0ToPE 30ONE LIVER TOTAL BOODY THYROID KIDNFY LUNG Gl=L11
H3 Co Pe03E=N7 P2,03F=-07 CeN3E=07 2¢03E=07 2,03k-07 Pe03F=n?
REYD 1el3dSEeni 1e57F=0h 3e39F=0? Ue lell1fE=0m Qe ?o75ﬁcﬂ5
Cla 1:21F =05 Peb2E=06 et =0b 2iu2F=006 P,42F=0b Pebb~Np Pe42F =06
N13 . 1VE-0R 3.1 0E=0QH 3.1NF=-08 3s10€=n3 3e10F=0R 3,]10L-0n 3.10F=np
Fls8 2449E=06 0, Pe47E~01 0, Ne 0. 6.7GF a7
NAa22 S.R1E=0y Se8RE~0S SeHRE=05 SeRA5E=NY SRRy SeHBLE =Ny SeRHFeng
NAZG 5¢BOE=0h S, ROp-0p SeHOFeb S,R0E=06 SeBCE=05 G, ACF=in SeR0F =nk
P32 Re25€=04 3,H6E-(5 A4 lHE=08 9, Ne 0. 2.P2RFapg:
AR2S Ne 0O 0. 9 I Oe 0. G,
ARG) 0. 0. N LUK Ne O 0,
CA“l J.G/ECy 0. 3.79F-05 Ue 0, 0, 1.°nF-n7
SCas 1097E«0R  2,70t=0N leQ4E=0n ¢, 2¢39%F -8 g, 3.95F=n5
CRS) 0. (Y Be9NE=09 4,54F=09 1e35F-0y Ve GPE=09 4o 7707
MNSQ n. 1.07&-05 2.655-06 (e 3.00F‘06 00 Q.QRF-nﬁ
MNS6 D 3e3¢E=n7 70505-08 O 4, 0NG4E=Q7 1 4 ROGFany
FESS 1,15E=05 A, 10E-08 l1.89F-p6 ¢, e 3,45k =06 ls13Fane
FES9 1e65E=05 2,676-05 1.336-05 ¢, 0, Te74Eanp 2.78F NS
COS7 Co 6.93L-ﬂ7 9.9RE‘07 0. O 0. 4.0“F-06
c0os8 0. 1eRANE=0B Se51%=06 . 0, Oe 1.0%F =05
€060 0 5:.29E=~06 le56E=0Y G» 0o Ne Pe93Fany
NIS9 9¢02E=0% 1,07€E«CS 6.82F-06 ¢, 0. Oe Te10F=07
NIG3 Se3BE«na 2. AHFE =Y 1e83€E=05 0, 0. 1139 l1e94Fang

. 155 ?e22E=06 P2.09E=07? 1e22F=07 0O 0. Oe P.SGF-OS

\ 66 0, 2e45E=07 ),4RFen? g, 5.92E=07 o0, 1.15F=n5
IN6S l1e37E=05 3,65k =05 2:.27E=«05 (, 2¢30E=05 0, 5.4]F=nn
INAGM D) Tel0E=07 1e21E~06 le3E=07 ¢, t.03-07 0, Js94E =08
INGS 4,38E~-08 6e33F =08 5.85E=09 0. JeB4FE=-08 0. 3:.99F ann
SE79 Ne ReG3E =06 1e87E«06 ¢, 1.37F=05 ¢, S.53% -n7
BRB? Co no 7-55E‘°b 0. 0. Oo ﬂ.
BR83+D Co Ne le71E=07 Qe Oe O, Co
9986 0. n. lo9HF-07 00 n. Oo no
Br8S 0. 0. 94172€=0v N, 0, 0, N,
KR&3M (LS 0. 0. 0 0, 0, N,
KR8&M 0. 0. 0. 0. 0. 0. G
KR8S 0. 0. Oe 0. 0, O n,
KR87 Co e 0. Oe 0, Ne N,
KRB8B+D Ne Ne 0o (e 0, Ne Ne
KR89 0. Ne 0. 0e O 0. 0,
9986 Oo 60705-05 4.1?5-05 0. 0. 0: 6.3IF-06
k887 0. 3.95E-05 1083E-05 0. 00 00 R.Q?E-07
RE8s 0, 1e90t =07 le32E=n7 ¢, 0, 0. S.37E-09
RB89+D (118 1el7E=07 1.06F=07 Oe 0o 0, 1.02F=09
SRBIeD 1032E'03 0, 30775-05 Oe 0. (18 qollF-ﬂS
SR9Q0+D 1e70£«02 0, 4s3]E-N3 o, O Oe 2,29 =04
SR9]+D 2440E=05 1, 9.06E=07 9, 0o O S«30F=ng
SR92+D 9.015-06 0. 3.6?E-07 Os O, ) 10715-0“
k{/ 12



NS

CHILD INGESTION DOSE

ISOTOPE
YS90
Y91MeD
Y91l
Yve
Y93
ZR93+D
ZR9S+D
ZR9TD
NB93M
N89S
NBOS?
M093
MO099+D
TCO9M
T1C99
TC101
RUL103+D
RU1050
RUl06+D
RH10S
PD1O?

. 109

Nol10MeV
AGl1)
cD113m
CD115m
SN123
SN125+0D
SN126+0
s8l24
SB125+0
sBl26
S8127
TE125M
TE127M+D
TEl27
TE129MeD
TE129
TE131MeD
TE131+0
TE1320
TE133Me0
TE1344D
1129
I130
11310

\_.

JONE
4.11E-08
J.8¢2E-10
5.,02E=07
3./A0L=09
lol“E'OS
1e67€E=07
1.105'07
b|99g'09
10055-07
2¢25E=0H
2¢17E=10
D,

0.

9.23E=10
5.35E-07
1.07E=09
7.31E=07
5¢4SE=~0A
1.17E=05
501“E'07
Oe

Oe

5¢39E=07
2.48E=07
Oe

Oe

1e33E=-04
3.55E~-05
Je33E=00
lell€=05
7. le'Ob
“Q“OE'Ob
1e06E=05
l-l“E-OS
2+89E<05
4e71E=07
608’5'05
1¢34E=07
Te20E=06
8,30E-08
1.01E=05
187E=07
10295‘07
1e39E=05
2.92E-Ob
1.72E=05

COMMITMENT FACTORS (MREM/SOY PER PCI INGESTED
10TAL 80DY

LIVER

O

0.

Oe

0.

Ce

6 25E=08
2.555‘06
1.01E~09
2.625‘08
ReTOE=0Y
3.92€E-11
2:61E-05
133E-05
l.&lE-O?
S.96E=07
10125'09
0.

O

O«
2e7T6E=-07
“.72E‘°’
Se6/E=07
J.b4tb=07
Te76E=-08
102E=05
S.89E=-06
lu65E‘06
S«35E=07
4.15E=-06
1ot =07
S¢52E~08
6,73E=-08
1eb4E=08
30095'06
T+78E=06
1e27E=07
1036E'05
J.T4E=-08
2:49E =006
253E~08
GoWLTE=06
7.56&’08
5.80E=-08
80535’06
Se90E=06
1. 73E=05

TABLt 2 {contd)
Pag~ 2 of 4

le 10E=GY
‘.39£-l:
l1.61E=08
1e03E=10
Jel3E=10
QQQSE-OB
2.2TE=08
Se96E=10
Be6]E=09
6e26E=09
1.83E=11
B8.65E=«07
3.29E=06
3.00E=08
CelbE=0/
le42E=08
CeHlE=07
2¢34E=08
leG6E=0b
2¢36E=07
4.0 F=0H
l1e70E=07
Ce91t=07
Se12E=04
Goe3ubk~-0"’
2eH1FE=07
3,264E=06
l1e99E=06
FebhE=00
A.H9E =06
1¢50E=06
1.58E=006
.68E=-07
1¢52E=06
Jeu3E=006
1¢01E=07
7.565‘06
3.186=-08
2:65E=06
e TE=08
SetLQE=06
9.37E=-08
Te14E=08
T:62E=-06
J.UGE=06
9.83E=06

T“YROID
Ce
Oe
0.
Oe
O
O
Qe
Qe
Oe
Oe
Oe
0.
Oe
O
Ge
Oe
Ue
Qe
O
Ve
O
Oe
Ue
Qe
0.
Oe
le75t =06
HeS5SE=07
lel4E=~Q6
2e45E-08
6+63E-09
2+SRE=08
118E=-08
3.20E=06
6eY1E=06
3e26E=07
l1e57E=05
9.56E=-08
Sel2E=06
6eIS5E=08
0+51E=06
1e6SE=(/
14028=07
$e58E=03
6¢50E=04
Sel2t=03

13

NIDNEY
0,

0.

VI

O

Oe
2.“25-07
3.05E-08
1.,45€E-09
?0836‘08
8,23E-09
4e35E-11
60355-06
2.84E=-05
2.63E-08
70025-06
1e91E=08
108“5‘06
5.67E°07
1.58€=05
1.10E=06
3.95E‘Ob
300“6-06
64 78k=07
2¢30E=07
1.05E=-05
4,38€E=06
O.

0.

0.

0.

0.

0.

0.

0.
Be24E~-05
1e34E=06
1.“3E'0“
3.92E=-07
2e&4]1E~-05
2051E‘°7
4,415E=05
7.,1BE=07
Se37E=-07
10““E‘05
B.BRE~06
2.84E~0S

LUNG

0.

0.

Ve

0.

0.

O

0.

0.

0.

0.

0.

0.

0.
9.19E=10
S5.27t=-08
Se928-10
0.

0.

O,

0.

0.

0.

Oe

Oe

0o

0.

0.

0.

O,
6.16E=06
3.99t =06
2410E=06
4.60E=07
0.

0.

O

0.

0.

0.

O

O

0.

0.

0.

0.

Oe

IN FIRST YR)

Gl=LLI

1e17E=04
7.“8E‘07
80026'05
I-DBF-OQ
1. 70E=06
2+37€E=05
2e66E=05
1.53E=04
3.95E-06
1.562F =05
1.21E=05
1.22E«06
1.10E-05
loan‘OQ
6,25E=06
3.56F-09
1.,89E=05
4,21FE=05
1.82E=06
1.71E-05
9037E'07
3,35€=05
6033E-05
4,7SE=05
2.63E=05
SQOIE-OS
6,52€E=05
l1.10E=06
2+50E=-05
6.94E=05
1.71E=05
30975'05
5¢97€=05
1,10€=-05
2¢34E=05
1.84E=05
509“E°05
8434E-06
1.01E=04
6036E-07
4¢50E=09
S.77E=-06
S.89E=07
“029E-°7
CeT6E=06
105“E'06

ot v emirihe



CHILD INGESTION D35t

ISOTOPL
1132
11330
1136
1135+
XE13lm
Xt133M
XE133
Xt 135m
Xt13S5
xXt137
XE138eD
CS134Mep
CS13¢
CS13%
CS136
CS137+D
CSl3k
CS139+D
BA1139
BAlaQeD
BAl4)leD
BAlageD
LAlaQ

. " Alel
\_cAl62
Ctle)
CElaleD
CElaaseD)
PR143
PR14&
ND1G7¢D
PM147
PM14B8Me{
PM]l a8
PM149
PM15]
$M19]
SM153
tEUlsS?
tEUl54

| JURT
EUlSA
T3160
101 66M
wls}
w)85
wig?

9

3ONE
9.00&'07
5.92E°06
201907
le75E=06

0.

BebuE=QH
ZoﬂkE-Ob
BeJUE=DS
€e35E=05%
3e2/E=00
CelBE=Q7
10456'07
“ol“E'O?
A,31E=05
fe00E=07
Be7uE=0b
le0)E=08
1e35E=09
S5.24k-10
3.97E=08
5.99L =09
?obb&'Ob
3093&'08
10296’10
20795'08
Je1BE=Q7
).03&’07
3.02E=04
5.“9&'09
?093&'09
2e56E=07
Je65E=09
5.15E'07
?+30E=-06
“ 82807
506ZE-08
le66E=Q7
1+.08E=06
4.23E=08
1.73E=06
“OZQE‘O’

COMMI TMENT FACTORS (M
TOTAL BRODY

LIVER
10“7&‘00
Te32b=05
Tel8t=0/f
30)SE°06
(U

0.

O

0.

0.

0.

0,
le25E=07/
3.84E‘0“
5.78E=05
6.“6&‘05
3013&'0“
Jel k=07
)oblE'O?
2+21E-10
70285'08
lel2E=10
6.29&'11
3eS53E=09
3el7t=10
1.67E-10
1.98L=-08
J.79E=06
b.bEt-Ol
1¢18L=04
3e99E~11
Ce2bE=CH
2e27E=08
2.05E=-08
3.63E'09
6090&'10
3.55¢t-10
J.Ble=08
2e27E=09
lel2E=07
2007&'0’
30“75'08
3001E‘08
0e
2¢26E=-07
le04LE=QH
4eJ2E=0Q7
CeD4E=Q7

TABLE 2

(contd)
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belhb=0?
PeT17E=(6
JHHE=GT
lo“95°06
0o

0O

O

0.

O

0.

O

Bel6E=(H
Bel0E=DS
Se93E=06
“4el8F=yy
4e62E=05
2e01F=07
lelutE=N8
l1,.20t-08
4oHSE-06
6¢5]E=09
G HRE=0Y
lel9k=09
6.88E-)l
5.23€=]1
2.9“E-09
5.:49E=]10
lellEeCt
1e95F=0~
6,49E=12
1.75E-09
1122E=08
2.05E0H
2e35%€E =09
3.74E=10
2¢31E-10
1.20f-08
2¢19€E=10
1e33E=07
148Y9E=07
PeT2b=0Y
6423E=-0Y9
2.06E=08
1e91E=07
le43E=0Y
6,05E=-08
lelaE=Q7

THYROID
boBZE‘Ob
1e36E=03
le 79t =0%
Ce 19 =04
0.
O
Oe
Uoe
O
0,
O
Ve
Qe
Oe
Oe
Ve
0.
O
0.
Ve
O
O
Oe
O

14

KIUNEY
2.25E=06
1s228 =05
1.1SE=06
4,.,H83FE=06
Qe

Oe

0.

0.

0.

O

O

6.59E =08
10195°0“
2+04E=05
3¢44E=Q05
1.02F«006
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{119

LUNG

0.

O

0.

O

Oe

Oe

Oe

O

Oe

O.

O

S.95k =0y
2¢39E=0Y
3.52L-06
2¢90E=06
1e97E=05%
l1.28E=08
6434k =09
6e74E=1]
2e3bte0y
3-43&'11
1e99t-11

I INGESTED IN FIRSY YR)

GI=LL1I
3,18E=-07
2.58E=-06
5.10£=09
le74E=06
0.

O

O

0,

0.

0.

0.
4,05€=-08
2.“55-06
“.“6E’07
2¢T2E=06&
2.12F=06
6s76E-1]
3,33E=-21
1.264E=06
4+38E=05
1,43E-13
9.18E=20
9,.,82€-05
2-485’05
2.“2E'06
CeS54E=05
SeibE=05
1e75€ =04
“0316'05
4eTGUE=]0
3.,68E=05
9,47E=06
60615’05
9.90E=05
4 449E =05
3.66E=05
Se70FE=06
20855-05
Ce17E=05
5.395'05
9.63E'05
7036E'05
4,]19E=-05
0

[ ]
3.90E=07
1.65€E=05
3.22E=05
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TEEN INGESTION DOSE COMMITMENT FACTORS (MREM/50Y PFR PCT INGESTED IN FIRST YR)
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IsuToPt 30NE LIVER TOTAL BODY THYROID KJUNEY LUNG Glel]
PReIDD LeHB|E=N2 &H,440=03 TeQlEmtu 0 1e72E=0¢ 0e Se74Fa0S
BIZ210eD “eh9E =07 4,51FE=06 ES,0RrE=-N8 (. S.48F=05 0, S«15F =058
POl Seudfels 1 07203 1,204 0, 3.60E=-03 0, 6. THE=05
RN22c2*N Ve n, Oe O O O O
RA223eD 7e11E«07 1.08F«05 J.426<03 0, 3.10E=04 o, A43F =04
RA224+N 2.31F203 K,572F=«f6 4,61F=Nt 0, 1.58F=064 0, 3.71F =04
RAP2R N FedTE=N3 1,105«05 1.87E«03 0. 3,15E=04 0, Re27F =04
RAP2K e 3e22E =01 RLo13E=06 2,39F<0] U, Ped2F=04 0, 3,51F =06
RA22AD 1e37E=0]1 4.61E=06 1,51F=01 0 142AF=04 0. S.98F=nsg
AC22% RePUE=D6 R,59C«0h 4 P2F<07 U, 9,R5F-07 0, 443RF=04
ACP27+D 2¢05E=03 R,03E=04 1.22F=0b 0, B,R1E=05 0, 8.68F =05
T=227+D 1e96E=05 3,52E=07 S,65FE=07 0. P.N1E=0K6 Q0. S.75F=04
TH22R+D $S+BNE=Gl  14)1aE=0S 2,30F=05 (0. 6.41F=05 0, .97 =04
THZ229 Ce39E=N3 le20E=04 4.11F=046 Ve 6,]0E=04 Qe SeGlEena
TH230D 2¢165=03 1423606 €,00E=0% (o S5e99F=04 0, 6. 38F =05
TH232+D 2.42E-03 Vo0bE=06 1,03E-004 0, S.11E=04 0, Se43E=ns
TH2 34 lelE=B7 FohBE=0Y 2,31F =09 0. 3.81€6=03 0, 1e21F <04
PL231+D “eJlE=(3 1eb2E=06 lebBF=(4y 0. 9.10E=N¢4 0. 7.60F =%
PA833 7033E‘0Q ]-QIE-O‘) 1026F-09 Oe 5.32E.09 0. l.blE-OS
U232+l  3.R9E-03 o0, 4e21E=06 o 6.38E=06 0, 7.19F=05
12330 1e24E=03 0, Teb6t =05 0. 2.90F=04 0, 6,65F=-05
l\ 236 lel19f=n3 0. 7e39F=0% (U 2+.85E=006 0. f.51F=05%
“U23sSeb 1.14E=03 0, Fe964F=0> 04 2.67E=06 0, R,2RF =05
U2ie lelot=03 0, T.0GF=05 (1, PeT3fF=06 ¢, f.11F=05
u237 7.89E=08 0, P 10F=0H 0. Je24E=0T7 0. ?7.09F =05
U238eD 1.09E=03 0, b,49F =05 U, 2.50E=04 0, 5+83F =05
NP237+D l1ouw4dE=03 1.256«06 S,R5E=«05 0. ©e33F=04 0, B.41F=05
NP2 3R 1e95E=08 8,22E<10 3.04E«10 0. 1.79E=09 0, 3.83F=05
NP239 1o 76E=09 1.66E<10 Y9,22F=11 0. S.21F=10 0, PebTF=0S
PUZ234 Te?2]lE=N6  1402E<04 ) 82605 0. T.80E=-0S 0, T.73F =05
PU239 ReP7E=04 1412504 2,01F=05 0. R,S7TE=-05 0., 7.06F=05
PU240 1626E=04 1412E=06 2,01F=05 0. BeBKE=05 O, T.19FE=05
PU241 D leBUEw03 9,42E«07 3,60F=07 0. le71E=06 0, 1 .4RE=NE
PU2ur? TobHEe0d 1.08E«06 1.96F=05 0. Be2SE=05 0, 6.92E=05
PU2uu 3e95E=03 1.23E=06 2,22F=-05 0. Q9,45E=-05 0, 1.03F=04
AM24] Aeh2E=06 V,29E=06 S5,75Fa05 U 6,31E=064 0, 7.87E=05
AM242M Je70Ew0s o1 9E=N3 S,H0E=05 (. 4o,30F=04 0. S5.70F=~05
AM243 ReS0E=00 3.1 E=04 Se0?F=05 Ce 4,22E=04 O 9,23F=0S
CM242 2050 «i5 2¢97E=05 1.95F =06 0. ReRIE=-06 0. 8,40F=05
CM243 "09]1E=04 P,86E=04 4 ,09F=0% 0, 1.91E=«04 0, 8,.,2HE=-0S
CM244 503PE=00 2.69E=0N4  3,19F =05 Q. 1:49E~04 0, B, 00E=05
CM248 1eC7€E=03 3.33E=04 6,10E=05 GCeo ?.AS5E=04 0, 7Te46F=05
CM246 1e06E=03 3,32E=06 6H,09F=05 0, 2eB4E=04 O, 7.33F=05
CMPuTeD 1403E<03  3.27E-04 6.00F=05 vy ?.80E=-04 0, S.63F=0S
CMze8 BeOCE=03 2eFIE=03 4,9SF=04 0, 2¢31F=03 0. 1455¢=03
CF 2?52 3.5]E=06 0, He37E=0L 0. 0. O 3.N5F=04
.-
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N TABLE 4
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ADULT INGESTION 0OSE COMM]I IMENT FACTORS (MREM/S0Y PER PCI INGESTED IN FIRST vR)
ISOTOPE YONE LIVER TOTAL BODY THYROQID <JONEY LUNG GI-LLT
H3 D, 1eNS5E=07 1,05F=07 1e0SE=07 1,05F=07 1.05€=N7 1,05F-07
BE10 Je18E=06 4¢9)1E=07 7.94F-n8 O A.T1E=07 0, 2.68Fans
Cle PeBUE=Qb S.pHE=0? SebBE«07 S.68E=07 S.68E=07 S,68F=n7 Se6RF=Q7
NIR He36E=09 H,36E=09 8.36E=09 8.36E=09 8,36F=09 H,36t=0y R,36E=-n9
Fla S5.26E=07 0, 6,92E-08 o0, 0, Ce 1.85F=08
NA2?2 1e74E=0S 1.74E-05 1,74E=05 1e74E=05 1,74E-05 1e74E=05 1 ,74E-p5
NAZa 1e7T0E=(C6 lo?OE'Ob lo7ﬂ€°0(‘ 1070":'06 10705'06 10705.06 10705'06
P32 1693600 1,20E=05 7.46F=06 0, 0. 0. P2.17F =05 .
AR39 0. 0o 0. O 0. 0. O,

ARG) O 0o 0. O 0, e o

Ca4q) l.83E«N5 ¢, 2.00E=-05 0. O O 1.84F=07
SCa6 5¢51E=09 1,07c-08 3.11F=09 0. 9.99F«09 0, 5:21F=n5
CRS] Te 0. Ce6AE=09 ] ,59E-09 SeB6E=10 3,53E=0Y As69F =07
MNS4 Ve 4eST7E=06 RG72E=07 0, 1e36F-06 o, 1440F =05
MNSs 0. 1¢15E=07 2+04E-08 Q. 1:06E=07 o, JebTF =g
FESS ?o 75E“0‘) 1.905'06 00‘03E-07 Oe Oo lQObE-nb ]oqu-Oﬁ
FESS %026E=05 1,02E«05 3.91E=06 0. 0. 2.85k-06 3,40F«05
Cos7 0 1e75E=07 2¢91E=-07 0. U 0. bobuFane
coss8 0e Te4SE=07 1.67E=06 0. O Ue leSltens
C060 0. ’ol“ﬁ'@ﬁ “. ?25‘06 Oe 0. 0. ‘0. OZF-ﬂq
NIBS 9¢76E«05 1I,35E-05 1463E=06 0, 0, 0. AeQ0E=n7

k.’IGS 1e30E=04 9Q,0]E=06 4e36FE=06 0, 0O 0. 1,88F=06h

“NI6S 5.28E=07 6,86E=(08 3.136-08 0, 0 0. 1e74E=06
Cuébs Oe 8¢33E-08 3.91€-08 0, Pe10E«07 o, T.10E=06
INAS “eBUE=06 ],54E=05 6.96E=06 0. 1.036=-05 0., 9,70F=06
IN6YMeD 1e70E=07 4,08E=07 3.73E=-08B 0, Pe4TE=DT7 o, 2.49F =05
IN6S 1403E=08 1.,97€-08 1¢37F=09 0, 1.28F=08 o, ?e96E =09
SE79 Oe 2e63E-06 4.39E-07 0, 4.55F«06 0. Se3RF=07
BRAag De n, 2.26E=06 (, 0. 0. 2+59F =04
BRAJeO he 0. 4,02E-08 0, O [UNS 4e79E=NA
BRAL O 0. S5.21€«08 0, 0N, 0. 4.,N9F =13
BR8S 0. 0. 2.14E-09 0, 0, 0. 0,

KRA3IM O 0. O n, 0o 0. Q.

KR8SM Oe 1118 0. 0. 0, 0. 0.

KR8S Oe 0. 0, 0. 0. 0. N,

KR87 O n, 0. O 0, 0. Ne
KR88+D Oe (1S 0 Oe e 0. 0

KRA9 0o Ne n, Go 0, 0. 0,

RB86& 0, 2.11E=05 9,83F-06 0, 0, 0. 4.16F=06
RB8? Oe 1423E=05 4,28E=06 LU O 0 Se76F=n?
R&83 O 6+0SE~-08 3,21F«08 0, 0. 0o Re36Faly
RBA9D Ne 4.01E-08 2.8¢0F=-08 O 0, 0. 2.33":‘21
SRE9eD J.08E=04 n, A, B4E=06 D0, Ne O 4,94F=05
SR90 D 7.58E<03 o, }eB6F=03 0. 0, O 2.19F =04
SRSl +D 5.67E=-06 o0, 2.29F =07 0, 0, 0. 2.T0FE=05
SR92+D 2+15€E=06 0, 9.30E-08 0. 0, O 4,26F =05

.
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ADULT INGESTINN DOSE

IsoTopPt

N

Y90
Y91MeD
Y9l
Y92
Y93
ZR93+0
ZR9Se0
ZR97+V
NBO3IM
NB9S
NB9?
M093
M099eD
TCO9M
TC99
TCl01
RUL03+D
RU105+0
RU106+D
RH105
PO107
V109
—~0110MeD
AGl11
CDl1am
CDl115M
SN123
SN125eD
SN126+D
1) 2
S812S+D
sB8126
sBlz27
TE12SM
TE127TMeD
TEl27
TE12911eD
TEl129
TE131M+D
TEL13]1+D
TE132+D
TE133MeD
TE134+D
1129
1130
11310

«

BONE
90625-09
9.09E=11
le4lE=07
S.QSE-IO
2e+6BE=09
k.lﬁE-OB
J.060E=08
1e68E=09
2e595E=08
6.22E=09
5.285’11
Do
Oe
Ce47E=10
1:25E=07
2¢564E=10
1e85E=-07
leSub=08
2075E-06
1e21E=07
O,

O

1¢60E=07
5.81E=-08
0

0

3s11E=05
50335'06
50“58'05
2+80E=06
lo79E‘06
1¢15E=06
2+5S8E~=Q7
CeHBE=06
60775'06
10105'07
10155.05
J.l14E=08
1.73E=06
‘.975-08
2¢52E=06
4.62E-08
J.24E~08
J.27E~06
TeS6E=07
bel16E=06

[T

TABLE 4 (contd)
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) PR

COMMITMENT FACTORS (MREM/S0Y Pek PCI INGESTED IN FIRST YR)

LIVER

0.

O

0.

0.

O
2e34E=0Y
9. 75€=09
3039E-10
Be32E-09
30“6&'09
l1e¢32E-11
TeS1E=06
4431E-06
6.98E=10
1.86E=0/
3466E=]10
Oe

0.

O
80855'08
10“75'07
1e77E=07
1e48E=07
2¢43E-08
3.18E=06
loBQE'06
Sel5E=~07
1e68E=07
1067E'°6
Se29E=08
ZQOOE'OB
2e¢34E=08
5.65E=09
9e71E=0Q7
2e42E=00
3.95E-08
4¢29E=06
l1e18€=08
B.46E=07
8+23E=0Q9
1e63E=06
2.70E-08
2.12E-08
20815'06
2.235'06
5.95E=06

TOTAL BRODY

2¢58E~10
3¢52E=12
3.77E=09
20“7E'll
Te40E=-]]
1.09E=09
6e60E=09
1.5%E«10
2+05E=«09
1e86E=0Y
4e82E=12
2¢03E=07
He20E=07
8.89E=09
Se02E«0H
3¢59E=09
Te97E=08
6.08E=-09
J.48E=07
Se83E=-08
9.4“5'09
3e99E=-08
B.79E-08
1.21E=08
1:02E=07
S.87E=08
Te59E=07
J.78E=07
2e40E=06
lellE=06
4.26E=-07
4e¢15E=07
9090E-08
Je¢S9E=07
Be25€E=07
2¢38E=08
1:82E=06
Te6SE«09
7.05E=07
6.22E=09
10535-06
2.60E=-08
1.30E=-08
90215-06
B8.80E=07
J.4]E=N6

THYROID
Qe

Qe

O

e

O

Oe

O

0.

U

O

Oe

Oe

Qo

O

Oe

Oe

0.

0.

0.

O

Oe

O

O

O

0.

0.
“038E'07
1¢39€E=07
64.92E=07
6 79E=09
1¢82E=-09
Te04E=09
3.10E=09
Be06E=07
le73E=06
80155'08
3+95E=06
Ce4]1E=08
le34E=06
le62E=08
1+80E=06
3.915-08
2¢83E=08
T:23E=03
1¢B9E =04
1.95E-03

21

KIDONEY
0,

Oe

0

0.

Oe
8.875'09
1453E=08
Se12k=10
9,57F =09
3.42E=09
105“E°11
2413E=06
9+76E=06
1.06E=08
2e¢34E=06
6059E-09
1406E=07
]1e99E=07
S¢31E=06
3.76E=07
1432E=06
1.01E=-06
2e91E=07
T.84E-08
A.50E=06
1.46E=06
0.

0.

0.
1.09E=05
24 7SE=05
4.48E=07
4,BOE=0S
1.32E-07
8.57E-06
B.63E=08
1,57E-05
2.67€<07

2.05E«07 .

6,04E=06
3,48E=06
1.02E-05

LUNG
0.
0.
O
0.
Oe
0.

de42E-10
1.,58t-08
1s87E-10
0.
0.
0.
0,
0.
0.
0.
0.
O
0.
0.
O
O
2¢18E=06
1.38E=06
7T+05E=07
1.53E=-07

Oe

GI=-LLI

loOZE'O“
20675-10
Te76FE=«05
1,48E=05
8,50E=05
20“36'06
3.,09E=05
1.05€E=04
JeR4E=06
2.10E=05
“.87E-08
1e22E=«06
9,99E=06
4s13E=07
6.08E=06
l1.10E=21
Cel6E=05
90“25-06
1078E'0“
le41E=05
9011E'07
1.96E=«05
6.04E=05
40565-05
2e¢56E=05
Te74E=05
6¢33E=05
1.04E=04
CebIE=QS
T.95E=05
1e97E=«05
9,40E=-05
SQQOE-OS
1.07E=0S
2027E°05
B.68E=06
S.79E=05
2¢37E=nN8
B.QOEOOS
2e79E=09
TeT1E=0S
6.64E=08
3.59€-]}
“.““E'07
1:92E=06
l|57E'06
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N Page 3 of 4

ADULT INGESTION DOSE COMMITMENT FACTORS (MKEM/S0Y PER PCI INGESTED IN FIRST YR)
1SOTOPE BONE LIVER  TOTAL BODY TFHYROID  KIDNEY LUNG 6l=L11
1132 2003E=07 Se43E=07 1490F=0/ 1e9YUE=05 B.,65E=07 1118 1.02E=07
113340 1s42E=06 2,47E=06 7.53F=07 3.63E=~04 4,31E-06 O, ?.22E=06
1134 1e06E=07 2,BHE=07 1403Fa0! GeY9E=(6 &,5BE=07 O Pe51E =10
1135+0 e3E=0/ 1.16EL=06 G 28E=07 T7¢65E=09 ],86E«06 O 1.31E=06
XE131M 0 O O O 0. O 0.
XE133M O 0 0 O 0, 0 0o
XEl33 Q0o O 0. Oe O 0. 0,
XE135M 0. 0. O Oe O, O 0.
Xe135 Oe 0. Oe Oe O, 0. O
XE137 Oe 0 O O O 0. 0.
Xt13&+D Oe Qe 0o 0o 0. 0. O
CS134MeD  2,)3E=08 G,GBE=08 2,29E=0H8 U, 2443E=08 3,83E«09 1,58F-n8
CS134 6¢22E=05 1,48E=04 .21E=06 O, 4e79E=05 1,59t=05 2,59E-06
CS13% 1e95E=05 14B0E=05 7499F«06 v 6e8lE=06 2,04E~06 4,21F=07
CS136 $5¢51E=06 2,57E=05 1,85F«05 (. 1043E=05 1,96L=06 2,92E=06
CS137¢0D Te97E=05 1.09E=04 7.1uf=0S (o 3¢70E=05 1423E«05 2,11€E=96
Cs138 5¢5CE=06 1.09t=07 %.40E=08 Q. B+01E=08 7.91E«09 44,65E=13
CS139+D JeGlE=08 S,08E«08 1.H5E=08 0. “07E=08 3,706=09 1,10F=30
BAl39 Ye70E=08 6.91E=11 2.84E=-0v 0, 6e46E=1]1 3,92Ee]l] ,72E=07
BAl4G+D 2e03E=05 2,55E=08 1,33E«06 Oo. BebOTE=09 1,46E=-08 ¢,18E=0%
BAlaleD “e7IE=0H 3456E=11 1.59€=09 U 3e31E=11 2,02r-]] 2e272E=17
RAl42¢D 2e]3E=08 2P.19E=11 1434E=«09 0 1e85€=11 1424t=]1]1 3,00F=26

K 1140 2eS0E=09 1426E£=09 3.33E=10 Vo 0, O 9.25E=05
tAlel 3019E=10 9,90E=1]1 1.62F=«11 0. 0. 0. 1.18E=05
LAala?2 1e2BE=1U0 5,82E=«1]1 1,a5E=11 0. O Oe 4e25E=07
Crlal 9.36E=09 6¢33E~09 70185-10 Do 2¢94E=0Y Oe 2¢42€E=05
CEl63+D 1e65E=09 1.,22E«06 1.35€=10 O 5¢37E=10 0, 4+.56F=05
CEl44aeD 4.,88E=07 2e04E=07 2¢62E =08 O 1:21€E=07 O 1e65E=04
PR]43 Fe¢20E=09 3,69E=0Y 4¢56E=]10 O 2e13E-0Y 0, %o 03E=05
PRl4a 3001E=11 1e2%9E=11 1¢53E=12 0. 7:05E=12 0. 4e33F=~)8
NO147+0 5¢29E=09 T7,27E=09 4o35E=10 0. 4.25e=09 0. 3.49E=0S
PMl4? TeSuE=08 7,09L=09 2.87E<09 0. I.34E=-08 0, 8493E=06
PMl48MeD 3.07E-08 7¢95E=0Y 6. V08E=09 Oe 1.20E=08 0. 6.7“5'05
PM148 Tel7E=09 1.19€=09 S5.99E=]U 0o 2.25€=09 0, 9,35E=05
PM]149 1s52E=09 2.15E=10 B.78E=«11 0. 4,06E-10 0O, 4403E=05
PM151 6¢97E=10 1417E=10 S,91F=11 0. 2¢09€E~10 0, 3.,22F=05
SM15] 6490E~N8 1,19E=08 2,85E=09 0. 1.33E=08 0, 5.25E=06
SM]153 BeSTE=10 76¢15E~10 S.22F=]1 0o 2¢31E-10 0, 2¢55E=05
EU152 1095&'07 “o““ﬁ'oa 3090E-08 O« 2075E'07 0. 20565'05
EUl56 5¢15E=07 T+56E=08 S,38E«08 0. 3,62e=07 0., S.48F =05
EU1SS Be60E=08 1e22E=08 7.87C=0Y 0. S.63E=08 0, 9.60E«06
EUlSé 10375‘08 1.“65-08 10715‘“9 Oe 7008E-09 00 7.265'05
78160 4eTO0E=08 0, S¢86E=09 0. 1.94E=08 o, 4433E-09
HOl66M CoeTO0E=0T7 B,43E=08 6.,40E=08 0. 1.26E=07 0, 0.
wlal}l 9,91E=09 3.23E=09 3.46E=]10 (1 8 O 0, 3.68E-07
wl1l8s 4e0SE=07 1435E=07 1,42E=08 0o 0. O 1.56E-05
wia7 1e03E=07 B.61E-08 3.01F=08 0. 0. O 2.82E=05

N\
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Reproduced from
best available copy. 2§

ADULT INGESTION DOSE COMMITMENT FACTORS(MKEM/S0Y PER PCT INGESTED IN FIRST vR)
1S0TORE

PR210+D
Bl210+D
POP10
RNP222+[
RAR223+D
RAP24*D
RA225+D
RA2264D)
RA2PR+D
AC225
AC227+N
TH227D
THe28+D
1H229
TH230
TH232PeN
THZ 34
PA23]1+0®
PA233
uz32+0
U233+0
U23ae
U235+D
U236
U237
U234+D
NP237eD)
NP238
NP236S
PU223R
PU239
PU240
PU24]1 N
PU24?2
PU24G
AM24]
AM24PM
AM243
CM247?
CM?243
CM244
CM245
CM246
CM247D
CM24H
CF25Se

3INE
10535‘0?
50615‘07
3.56E=00
0o
2.97F=073
1eb1E=03
5055E°03
3, 0PE=0])
lel12E=0]
400FE=06
1.R7E=03
le37E =05
“ong-OQ
,095E'03
?oObE-C3
2.30E-03
R,01E=0H8
6.10E-03
50?5&'09
“0135-03
8.715'0“
9,36E=06
R, 01E=04
8.,0l1t=00a
SCSZE-OB
7Te6TE=NG
1+37E=03
le3/E=08
1e19E=09
5., 80E=04
7.“ ’E-OQ
TeRS5E=(i
1e65E~05
Ter29C =00
3,52E=04
B8¢19E=0¢
S.P4E=006
R, 18E=06
?oOﬁE-OS
e I9E=Q4
“eRIE=0¢
1,02E=03
1sClE=03
S.RuE=04
Re18E=03
PebUE=N0

LIVER
4o37E-03
A1 RE=0K
7e56E=Cu
N,
70655’06
W YOE=NK
Te78E=06
Se74L=06
3e12F=006
6.06E=0hm
PelLRE=0u
PeLHE=NT
30“05'06
le19E =04
lel]7E=04
1e00E~04
4e7T1E=09
1eS4Ek=nu
).06E-09
s

O

(U

lel7E=}0
9.58L-05
1e06E=(0
1e06E=DG
8.“‘0&‘07
1e02E=04
1e17E=00
2e8RE=(G
P. 7RE-OQ
PeTRE=(a
?.lOE'OS
Pelblb=nN4
2e0T7E=006
PeRTE=NG
2e8lEk=00
2eB3E~-04
20335'03
0,

T0TAL RODY

SeL4F =04
A.96F=023
R,59F =05
0.

3.23E<04
1¢31E=03
Pel0F=0]
1.21F=0]
Pe96E=7
lel1F=04
3.95F«n7
1e6RE=05
3.91F =04
S« 70F =05
1e50E=006
2¢31F=09
1e59F =04
QQIZE-IO
?e95€=04
SecRF=05
5¢17F=05
4HEF=NS
4.,96E=05
le67F=0B
G54t =05
SeS4F =05
2e13FE=10
6etS5FE=11
1e71E=05
1e91E=05
1.91t <05
Je32E=07
1.84E=0%
2e11E=0%
S«4]1F=05
Set3F=05
Se30E=04
1e37€ =06
d.75E=0S
2.87F =08
Se7AF =05
S« 75€=05
Se67F=05
4.b67TE =04
6.29E-06

23

THYROID
te
0.
(U
[ L
Oe
0D
O
Oe
Co
O
Ue
Oe
0o
(U
O
0
(UK
e
Ue
Ue
Qe
Qo
O
Ne
O
0.
Oe
O
Qe
Ve
Oe
(1
Qe
Qo
(LY
0.
Oe
Oe
Coe
O
O
(U
Oe
O
Oe
O

KIDNEY
1.23F=02
3.8 =05
2.52E=03
N,
2e17E=04
1e10€=04
?.215‘0“
1s63E=04
8,83F=-0%
6.90E-07
e 00E=05
lo“lE'Oﬁ
4,6TE=05
S« 75«04
S.65F=04
4,82E=-04
P2ebTE=DH

T RaB4E=04

A,99F =99
4G47F =00
2¢03F =064
1.99F =06
l1e87€=04
loglE-0“
2¢27F=07
1e 756 =04
“0125‘0“
1e25E=«99
s65E=10
703?E-05
H.llE-CS
8,10E=05
1.53E=06
7081E'05
R,95F =05
G, 07TE=004
4,05E=04
3e99E =04
6 22F =06
1,7SE=04
1e34E=04
2¢H9E=006
2.6HE=06
2¢064F =004
2e¢1BE=03
O.

LUNG
0.
0.
(U
0.
0.
0.
0.
Oe
O
0.
0.
0.
0.
0.
0.
0,
e
Coe
0.
O
0.
0.
N
O
e
0.
0.
Qe
Qe
O
Oe
Oe
0.
Oe
O
O
0.
0e
Qe
0.
O
0.
0.
Oe
O
0.

GI-LLI
S.4PF =05
4, T5F =05
60365'0%
0,
3.21F=04
1,40F =06

3.06[’0“

3,32F =06 :

Se64F 05

!

aolgi-os

Gs40F =0t
S.63F=04

Se12E=04

6,02E=05
S.12F=n%
le13F =06
T.17F =05

1,64F =05

6.78F-05
6s2TE=NS
6.l“€-05
T.81F=05
Se76F=05
1,94F «0S
SeS0E=0S
7.94F =05
3.43E-05
2+40F=05
7.30E=0S
6.66F«05
6.,78E=05
1,40F=06
£+.53E=05
9'735-05
T.42E=05
S.34F =08
8.70E-05
7.92€E~05
T.81F=05
7.55E-05
7.0“6-05
60915-05
9,09F =05
1447E=03
2.B8E=006



N

INFANT INHALATION DOSF COMMITMENT FACTOR
TOTAL RODY

ISOTQRE
K3*
RELlO
Clo
N13
Fla
NA22
NA2¢
pP1i2
AR3JS
ARG}
of 'S
SCab
CRS1
MNS&
MNS6
FESS
FESS
cos?
coss
(4o LYy}
NIGS
N163

165
k-c’U6‘o
IN6S
IN6SMeD
NG9
SE79
BR8&2
BRB3+D
BRB¢
B8RBS
KR83M
KRB8SM
Kk8S
KR87
KR8A+0L
KR89
RBAE
RB87
rRB8s8
RBB9+D
SRB89+D)
SRS0+D
SR9]+D
SR92+D

3NNE

Na

‘).“"E"O“
l1.89E=05%
%¢39E=08
A.92E=06
Te37E=05
7¢54E=08
1445E=03
Ne

0o
7e4BE=0S
3.755-05
Ne

O

De

leblE=0S
9069E-06

Co

0.
0.
1.R1E=05
?o“?E'O“
1471E=09
0.
1¢38E=05
5098E'09
3+65E=1]
s
0.
Oe
0e
O
0o
0.
O
0o
Ne
0
e
0.
0o
0o
208“5‘0“
2e92E~C2
5083E-08
7.50E=09

LIVER
4.62E-07
14725%E=006
e 19E =06
4039['08
N,
7.37&'05
7.545‘06
8.,03E-05
0.

1.81E=05
10105'09
Be39E=06
1068E‘05
G 4ASE=-07
80715'07
Se.7T3E=06
So““E'Oﬁ
le46E=0S
2403E-10
1434E=09
“.“75‘“5
1.R4E=08
6.91&-11
2025&‘06
0,
11
N,
0.
O
0.
0o
0e
0.
0.
le¢36E=00
7.11&‘05
3.985-07
?o?QE'O?
0.
0.
0o
C.

TABLE 5
Page 1 of 4

4,62E-07
2eb6HFE -0
3.79F =06
4¢39F=nA
J.33E-07
T.37F <05
7.5“?‘00
Se53F=nY
O

0o

R.16E=D6
1e69F=04
6.39F =08
3¢56E =006
1e58F=10
2+38E=06
61 TE=06
44SRF=07
1.30F=00
BetlFen6
J,10E-05
B.29E=05
8.79E-ll

5.53E=10 -

2:22E=05
l.bTE-09
Se13E=12
QQZOF‘O7
9,49E=06
2.72€=07
2.86E=07
1.46F=-08
0

O,

0.

O

0.

0.

6e30E=05
2464F <05
2:05E«07
1:47F =07
B8.15E=06
148SE=03
CebTF =09
2.79E«10

S(MRFEM/S0Y PER PCI INHALED IN FIPST YR)

THYROID
4,62E-07
Ne
3e7YE«n6
4e9E=-NA3
Ue
7037E'05
7+54E=06
Qe
O
0.
O
O
“ollE'OH
O
O
0s
O
O
Ue
O
0.
Oe
Oe
0.
U
[ UM
(U
(Y
0.
Qe
O
0.
0Oe
O
Do
Oe
O
0.
0.
Ve
0.
0.
0.
Oe
0.
O

KIDNEY

4.62E-07

0,
3¢ 19F =00
4439F =08
0.
7437E=G5S
TeSGE=06
0o
0.
(U
0o
3:.56Falo
90455-09
3.56E«06
7.“65'10
0.
0o
0,
0.
0,
Ne
0,
Oe
2eB4E-NY
2e32E=05
7.“5F-09
2.8B7E~11
?0475'06
0.
0,
0.
0.
0.
0.
0,
0.
0.
Q.
0.
G,
0.
O
0,
0.
0.
0.

"ﬂcludes a 50% increase to account for percutaneous transpiration.

-
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LUNG
4,62E-07
1e49k=03
.9k =0b
6.396-08
O

7.37t =05
TaSubens
0.
1.00E=0D8
301“E-ﬂ8
6.94E=02
O
F.17E=n¢
Telaf =00
8,95k «ns
6,21t =05
Te25% =00
2eTlb=0d
Se55E=04
3e22E=03
So“aE'nb
le4SE =04
S.HNE=04
6.H4E=NB
G.62E=00
leYlb=0h
l.05t=N6
2e99E =Ny
O

O

0.

O
2+S50E=09
1.31E=08
lelbE=CH
6459L =08
1038L-07
B.67/E=-08
O

0.

0.

0.
le45E=03
RB,03E=03
3. 76E=n5
l1¢70E-05

GI-tL1 I
1.62E-07
1073F'05
1. 79F =016
4439F«np
6,10E=0n7
7.37F =05
7+56Fanek
1,15F«05
0,

Ne
?.96"”7
2e19F<nS
?e55Fan?
Ses0uf=np
S.IPF-GS
7.82F=07
1.77F =05
J6TF=06
7.9qE-ﬂ6
P« 2RE =S
6o36E=07
1e73¥F =06
J.5RF=n5
1.075-05
A hTF=ny
2.92F =05
Feb4F=nh
3.46F=06
0,

h,

0.

N,

0,

0.

N,

0,

0,

N,

71 7E=06
2:99F =n7?
Pel2E=-07
4,87F=np
G,57F«n5
Q.36Fa05
502“5-05
1.00f=06



N

—

INFANT INHALATION DOSE COMM

I1SOTOPE
Y50
Y91M+D
Y91
Y92
Y93
ZR93+D
ZRO9S+D
ZR97+L
NB93Mm
NB9S
NB97?
M093
MOG9eL
TCO9M
T1C99
1C101
RU103¢0D
RU105+D
kU106+D
RH105
POl107
PD109
“Gl110MeD

(5111

SN125eD
SN126+D
sSBl2s
SH12540D
s8lee
s81e7
TEl25M
TE127MeD
TEl127
TL129MeD
TE1R29
TE131Mep
TE131+D
TE132+D
TEI3IMD
TE134+D
1129
1130
11310

BONE
2¢3SE=06
2¢91E=~]0
4e20E=04
lel7€E=08
1e07E=07
2.2“5-0“
Be2GE=~0Q5
1e407E=07
\+38E=04
1+12E=05
2eG4E=]0
Oe
Oe
9.98E-13
2¢09E=07
4.65E=]6
le44E=06
BeT4E=]10
5¢20E=05
8026E-09
0.

Oe

70135'05
Je75E=07
[/ Y

Qe

2e09E~0¢
1001&‘05
8.30E-0“
2471E=05
3-69E'05
3003E‘06
2082&‘07
JG0E=06
lel19E =05
1.59E=09
l.OlE-OS
S5¢63E~-1"
Teh2E-(08B
le24E=11
2.66E-07
5¢13E~11
30‘8&']1
2¢16E=05
Q.SQE-06
PeT1E=0QS

LIVER

0.

Oe

0.

O

O
9.51€E=05
1¢99E=05
1.83E~-08
3.59E=05
4059E'06
Se2l1t=11
6.“6&'06
1¢18E=-07
2.06&‘12
2.68E-07
S5.88E=14
O

O

Ne
SQ“IE-OQ
4,92E=07
3.92E=09
Sel6E=Q6
1.“5E'07
6e67E=04
1073E'04
“o?lE‘Ob
2.51&'07
l1eG4E=(QY
3097E'07
3041E‘07
6001h°08
Se04E=09
IOQZE‘06
4.93E=-06
6.815'10
4,35E=06
Z.QBE-II
J.93E=-08
SeB7E=]2
1e69E=-07
3.59E=11
2¢04E~]1
1059E'05
9.915'06
3«17 =05

TABLE 5 (contd)
Page 2 of 4

6.30E=-08
9.90E-12
1e12E=05
3.29E=10
2¢91E-09
6+ 18E~05
1+.45E=05
8¢36E=09
1.15€E=05
2¢70E=06
1.88E=]1
2¢22E-07
2¢31E=08
2466E=]11
B8.8SE-08
S.80E=-13
4o 8SE=07
2¢93E=10
TeTTE=06
J.63E=09
4.11E=08
1405F=09
3.57E=Q6
T+75E=-08
2e64E=0S
6,19E=~06
70285-06
6.00E=07
3.52E=05
Be56E=06
T+ 7BE=00
le11€=06
B8.76E=08
4o T0E=07
lo“BE‘Ob
Je49E=]0
l1e59E~06
1e34E=]]
2¢59F=08
3e57E=]12
l1e26E=Q7
2.7“5'11
lebBE=]]
lel6E=QY
30935-06
10505-05

ITMENT FACTORS (MREM/SOY
TOTAL BODY

THYROID
Oe

Oe

0.

Qe

O

0.

O

Ve

O

0.

Oe

0.

0.

Oe

Oe

Oe

O

0.

Oe

O

Qe

0.

Oe

Ge

Oe

Oe
Go2TE=08
Ce&4TE=07
3.84E=06
T«18E=08
ﬁoQSE‘OU
ce3SE=08
3.60E=09
lelb6E=Q6
Je48E=06
1e32L=09
3.9]1E=006
4e82E~]1)
60385-05
le13E=]1])
1099E'07
SeS52E=]1}
2e¢9]1E~11
1e04E=02
l1e14E=03
1.06E=02

25

D Al Susti e ]

PER PCI INMALED IN FIRST YR)

KIONEY

3+68E=05
J,I7E=06
4,07€=]]}
1+54E=~06
1.89E=07
2¢22E=]11
Ce49E=0b6
6+499E=13
3.,03E=06
60425-10
Te61E=05
1.50E=08
2¢75E=06
1.28E=-08
T+80E=06
J«0SE=07
S«80E~04
FGeklE=0S
0.

O.

O,

Oe

0.

2+68E=05
30“75-09
Ce2TE=0S
1.25E-10
1.89E=07
2+85€E-11
7.39E-°7
1.72E=-10
9¢S9E=11
1.88E=05
1.09F=0%
3.70E=05

LUNG
1492E=04
1.99E=06
l1e756=03
le75E«05
50“6E‘05
l1¢37E=03
1¢25t=03
7.88E=05
2¢09L =04
30“2E'0“
2.37E=06
J.,40E=04
9.63E-05
So79£-07
6,7TL=04&
4.17&'07
3.94E=04
l¢12E=05
8.26E=-03
2+08E=05
6.3“E-05
1.68L =05
2e62L=03
2.06E=00
14408=0)
le07t=03
2.22E-03
6.43E=04
4e¢93E~-03
1.89£-03
lel7E«03
6.88E=04
l1e54E=064
JelYE =00
9.37E=04
Te39E=06
1420E=03
Celéte06
leb42E=04
leG47t=06
2e43E=04
3.92E=06
2¢93E=06
O
Ce
.

Gl=-LLI

Te43E=05
1.68E=06
S5.02F=05
9.,04E=05
1¢)19C=04
IQ“SE-OS
1.55E=05
1.00E~04
CeGTE=06
9.05E'06
1.92E-05
3,76E=06
3,48E=-05
1.45E=06
T¢82E=06
6.03E=07
1.15€=05
3.“6&‘05
1e17E=04
1437E=05
T¢33E-07
2+85E=05
2¢36E=05
3.02E=0S
1065E-°5
S.02E=-05
4,08E=05
7e26E=05
l-65E‘05
4422E=05
1.05E«05
5033E‘OS
3.785-05
9,22E-06
1.95€<05
lo?“&'OS
40935-05
1.88E=«05
8,51€=05
S.B87E=06
3.15€=05
1.59F =05
2¢53E=06
2e12F=07
lo“?E‘Ob
TeS56E=0Q7

R TR S T



TABLE 5 (contd)
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_ Page 3 of 4

INFANT INHALATION DOUSE COMMI TMENT FACTORS (MREM/50Y PER PC{ INHALEL IN FIRST YR)
1sOTOPLE BONE LIVER TOTAL BOLY THYROID KIDNEY LUNG Gl=LLI
1132 1021E=06 2.93E=06 B,99E=07 ]1¢21t=04 2.82E=06 0, 1:36E«06
1133+ Fe46E=06 1.37E=05 4o00E=00 2+54E=03 1.60E=05 0, 1eS4E=06
1136 5¢58E =07 1.34E=06 4,75E=0/ 3.18E=05 1.49F=«06 0, 9.21E=-07
11350 2rTHE=06 S,43E=06 1e9BE=06 4¢9TE=04 6.05E=06 O 1.31F<06
XE131M Oe O O Oe Oe 6s77L=09 0,
XEI33M 0. n. 0. 00 00 8089&'09 0.
XE133 Do 0. Ne Co O Te4lt=09 o0,
XE135M Oe O O Qe 0, 8,05E-09 0,
XEIBS 0. 00 00 Uo 00 l.80t-08 0.
XE137 0. 0, O Ve e B8,30€=-08 o0,
XE138eD 0o Oe Oe O 0. S¢78L=0b 0.
CS134M+D  1,32E«07 2,10E=-07 lellE=07 O HB.50E=08 2,00t=-08 le16E=07
CS134 2e83E=06 5,02E=06 S¢32F=«05 0 1036E=046 S,69L=05 ©9,53FE=07
€s135% 1000E=04 BebbE=05 4¢73E=06 0 2¢5B8E=05 1.,01t=05 2,18F=07
CS136 3:45E=05 9,6lE=05 3.78E=05 0« 4o03E«05 B8,40L=06 1.02E=06
CS1)37«0 3e92E=NG 4,37:=04 3425F =09 V. 1e23E=04 5,09L=09 9,53 =07
cs138 Je6lE=N/ 5,58E=07 2.84E=~07 U Ce93E«07 4,67t =08 6,26F=07
CS139+D 2e32E=07 3403E=07 1422E=07 0o 1e65E=07 2.53E«08 1.,33F=08
BA]139 1e06E=09 7,03E=13 3¢07E=11 Qe 4023E~13 4425L=06 3,64F=05
BAl4QeD 9¢00E=05 4,00E=08 2,07E=06 0, De5%E=09 1,14t=03 CeT4E=QS
BAl4al+D 1e12E=10 7470E=14 3,55E=12 0. GebuE~16 2,12E«06 3,39FE-06

Al42eD CeBGE=]] 2,36E=14 1.,40E=12 0. 1e36E~14¢ 1.11t=06 4,95€-07

\_4140 3061E=07 1,43E=07 3,68E-08 U, 0. 1.20E-04 6,06E=05
LAlG) 4485E=09 1e40E=09 2445E~10 Qe Oe 1422E=05 5,96F=-05
LAlaw?2 Te36E=10 2.69E=10 6eb6E=]] (U O Se8IE=06 4,25E=05
CEla] 1e98BE=05 ),19E«05 1,42E=06 0. 3.75E=06 3,69E=04 1,54E=05
CElaleD 2:09E=07 1,38t=07 1e58FE=08 0. 4e¢03E=-08 B,30E-05 3.55F=-05
CElaseD 2e2BE=03 Be65E=04 1,26E=06 (o 3oB4E=04 7,03t<03 1,06E=06
PR143 1e00E=0" 3474E=06 G499t =07 0. l1e41E=06 3,09t=04 2e66E=05
PRls4 J,42E=11 1¢32E=11 1,726=-12 0. 4,80t=12 1,19=06 3,06E=06
ND147+D 5667€=06 5,R1E=06 3457E«07 O 2:25F=06 2,30k=004 2¢23E=05
PM147 3e91E=06 3,07E=05 1.56E=05 O 4o93E=05 4,55t =04 Se75E=06
PM14EMeD  35,00E«05 1.24E=05 9.94E=06 0, 1445605 ],22E=03 3.376-05
PM]la8 303GE=06 4 B2E=0Q7 Ceb4E=07 0, Se76E=07 3,20E=04 6. 04F =05
PM1649 3e10E=07 G,0BE=08 1,78E=08 0 4.96E=08 6,50E«05 J.01E=09
PM]5) 7¢52E=08 1,10E=08 5,55FE=09 0, 1430E=08 3,25€E=05 2,58F«05
S§M15] 3438E<04 6,45E=05 1,63E=05 0. S¢24E=-05 2,986«04 J46F =06
SM153 1e53E=07 1418E«07 9,06E=09 Qo 2e4TE=08 3.70E=05 1,93E«05
EUlS? TeB3E=04 1,77t=06 1e72E=04 o Se94E=04 1:48E=03 9,88E«06
EUlSa 2e96E=03 3,46E=04 CebSE-006 Oe lel4F=03 3¢05€=03 2,R4E=0S
EUlsSY 5¢9TE=04 Se72E=0% 3,46E=05 U, 1e58F=064 S5,20t=04 5,]19F=05
EV1Se 1eS56E=05 9,59E«06 1,54E=06 0. 4e4B8E=06 6,12E=06 Ge14E-05
TB160 1.12E=00 0, 1e40E=05 0, 5¢20E=05 1.11E=03 2,]14E=05
HOIGQM 10“5t'°3 300’['0“ 2051E°0“ 00 “QZZE'O“ 2.05&'03 1065E'05
wigl 4.B6E=08B 1e46E=08 1e67E=09Y ¢, O 1633E=05 2,63E=07
wlas 1eS7E=0H G oBIE=07 S5.5HF=08 U, Qe G.48E=04 ]1,]12E=05
wilg? F:026E=09 6.44E=09 2.23E=09 O O 2e8IE=05 2,S54E~05
N
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TABLE 5 (contd)
Page 4 of 4

YW g s e

INFANT TNRA_ATION DOSF COMMITMENT FACTURS(MREM/S0Y PER PCI INHALED IN FIRST vR)

ISOTOFE
Pr2l0en
BIZ21nen
POP10
RM222eN
Ra223+D
RA224D
RAP2PR D
RAPZH D)
RAZ28B+D
AC228
AC227eD
THP27 N
THP2HeD
TH229
THP 3N
TH237+D
TH2 34
PA23]+D
P8233
j7232+0
112330
123G
_sP35eD
uve3e6
uelr
1238+
NP237+D
NP2 IR
NP23G
PU238
PU23Y
PU240
PUPG1leD
PuUz6?
PU24G
AM2461]
AMP LM
AM24L S
CM242
CM243
CM244
CM24%
CM246
CM247+0
CM248
CFeose2

L

A0ONE

Ay (2F =P
e
?.9HE-03
N
1eS6Z=(:3
1e77F =00
?.STE-O3
’o“HE°91
le60E=01
J.6YE=03
SePYEe(Q
1eB2F=0]
P.ﬁbE-Ol
1+s34E+0)
.646E+00
3.86E+00
1633E-(5
J.10ECO
S.BQE’Oh
2,S7E=91
Se44E=Q?
5.22°E=02
5.01E=02
5001&‘0?
3.25E=07
“o7qh'02
3.03E+90
’0375'06
’uﬁSE'Ur
5.02te100
5e50E«0
S.0NEeQ
1055&'01
S.09Een0
5.95E0¢C
1e84Ee(CD
‘oQOE.nG
1.82E+00
905“5'02
1e71Ee00
1e43E¢00
?:26E000
2e.20L+00
?.1H8E+00
1482E Q)
4.26E+00

LIVER
?COEE-OP
1.33E6=-05
q.éJP-03
0,

?2.2bL =06
4o OCE=0T7
?.P”E-ﬂb
Jebbr =05
Teb1E=06
46e72E-03
B.?bE-Ul
.03=05
lolOE'O?
leR2E=N]
1e79E.=01
1e53E=01
70175'07
1.005'01
l.3?h-nb
0.

1

Ne

(U

Ne

0,

0.
7:32€6-01
Ahe?73FwnR
2e¢3TE=0R
fe33F=01
6.7?&'01
6.715'01
6.692-03
AelT7F=0])
70606-01
Ao““E'Cl
Ry24E=-0)
R.]OE-OI
7.““E-02
TaJ6k=0]
7.0“E-01
QQBOE-OI
R.T9E=01
Rebut=0]
Tel12E+00
Oe

10TAL BODY

}.“3&’03
lelBE =06
Tel2Fana
0.

d.]12F-00
?-SGE-GS
Se13F=04
2e08F=(]
leMOF=0]
72e4BF =N
303“5‘01
5.2“E-n5
PeMAF=(2
6ehPF=01
9.65&'02
2e29F =01
3.84E=-07
d.60PF=01
1.19E=06
2e13F=D?2
3.83F -n3
3. 75E=03
3.5?E‘03
JeOBNE=(]
8.65E=-08
3e729F =03
le26E=0]
4e)6E-0H
1e34F =08
1.27E-01
1e34F =0}
]e34F=0])
3.11F=0N3
le29F=01
i e4RE=DN]
131k =01
1.35F 0]
1.27F =01
qo70E-03
1e0KF=01
QeR9FaQ?
1e36E<01
10365‘01
1¢33E-01
110F«00
1.01F=01

27

THYROLD
Goe
Ue
(e
Ue
Coe
e
De
Ce
0.
O
0o
0o
D
0.
(UK
0.

KIUNEY
heBSF =02
1,03F=04
1.30t=02
0.
Ge]1AF=05
T.30F=06
5.31FE=n5
Ze94F =04
10535‘0“
R,49F =04
1 A6E~01
1¢13F=04
S.GlF-OB
8.°9E-01
R.B2F=01
7e54E=0)
2¢70F=06
1e62F 00
3.68&‘06
?oQOF-OZ
]oOQF-O?
1e07E=02
l.UlE-OZ
1.03F-02
B 0BE=07
90“05'03
7.09F-01
1e47E=07
“.’3F-08
Lob4FE=01]
4e95E=01]
44,94F=0)
1e15F=02
“0775-01
50“05'01
7.9“E'01
Re03F =01
TeTPE=01
l.b9F-02
3.91F-01
J.?21E=01
50235-01
5.?3?‘01
S.156=01

Lo 26E+00

Ne

LUNG
le7tb=0]
Y9.,96E=03
?.“0E‘01
9,88t =06
2.75b«01
Te91E=hp
2eST7E=N]
Te83ken}
1.09L+00
l1e96L =]
162t 000
3.27E=01}
Go65L 00
le22L+0)
2el1H8L <00
2.09E <00
1662E=03
3J.ALE=N]
CelVE=N4
l1e4GEeNQ

3.56E=0]1"

3.“9&‘01
3.2RFeN]
3e35E=0]
9,13t =05
3.,06E=01
3.“9E-01
9.,19E~ns
4e25E=05
Y.03LE=0])
8.“7E-01
Bsb0Tt«0]
Teb2E=N4
BQISE-OI
9.,33E-0]
4eN6L=0])
le64b=n]
3.H5E«0]
Ce97E=0N}
beP4b=0]
4.08t«0]
3.92E=0]
3099&'01
3.92E=0]
3.23E+00
1437E+00

GI=LL1
3, 79F 0%
3.?7F-05
0.36F-05
0.

3.04F =04
3042F'0“
P2.RTF =04
3.05&'0“
S«e19E =05
P2sT1F=04
Se?TEL=NS
3.53F =00
3062E-0“
Je?29F =06
3.87F =05
3029F-05
Te40E=05
“-61F-05
Q,04F=nNhK
4436F =05
4,03F=~05
3.QSF'05
S.02€=0S
3¢ 71E=05
1e31FE=05
JeS4F =05
S.10E=05
?2e5RF 05
lo7gE’05
“.69E-05
4,28F =05
4,36F«05
B,97€E=~07
“0205-05
6.26F-OS
GeTBE=05
6. 01E=-05
S.60F =05
S.10f=05
SOOZE-OS
4.86E-0S
“oSJE'OS
“QQSE-OS
S.85F=n5
9,43E=04
1.85F=04
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- TABLE 6
' Page 1 of 4
N
CHILD INHALATION DOSE COMMITMENT FACTORS (MRFM/SQY
1SOTOPE S0VE LIVER TOTAL ROLY THYROID
H3* Ne 3.04E-07 3.04E-07 3.04E-07
BEIO BO“RF-OQ QORJE-OS ?ol?E-OS Oe
C16 9.70&-06 108?E’06 10825-06 )anﬁ-nb
N13 Pe3IE=0B 2.33E=08 2.33E=0KR 2+33E=n8
Fl8 1.885'06 oo ]o&SE'O? 00
NA2?2 4e4]15=05 w.G1E=05 Ge01F=0S G b)E=0Y
NA2¢4 4e35E=06 4,35E=06 4e35E=06 4e43SE=D6
PJ2 Te04E=04 3,09€=05 2,67F=05 0.
AR39 De Ne (U 0o
ARG] 0. (U 0 Oe
CA4) 7.06E«05 0, T./0E=06 0,
sCa4p 1e97EeNts 2,7T0E=04 1.04E=04 0.
CRS} [+ S 0e 4e¢17E=08 2e¢3)1E=nH
MNSG 0o 1.16E=05 2.57F=06 0,
MNS6 0o 4¢48E=~10 Be.u3E=ll 0o
FESS 1e2BE=05 A ROE«06 2,10F=06 0,
FES9 50595-06 9.066-06 QQSIE-Oﬁ 00
€057 Oe Pebaf =07 2,88E«07 0o
COSB O. ‘.79E'07 8055F°07 e
CO60 0. 3055E'06 6.1?&-06 0.
NIS9 lobGE-OS 4067E'06 2063E-n6 Oe
NI6) 2022E=04  1.25€=05 7.56F<06 0o
NI6&S s0RE=10 7,99E=11 4,64F=]] 0,
(_tusa 0. S5e39E~10 2.90E=10 0,
IN6S 1o 1SE=05 ,06E«05 1.90F=05% 0.
INBSMeD 4026E«09 7.28E=09 B,59Fe]0 0.
ING6S l1eR1E=11 2.61E=1]1 2.41E=12 0.
SE79 O 1:23€E=06 2.,60E«07 0.
BR82 Ne 1 Se66F=a0b 0.
BRABJeD O 0. 1.28F=07 Ne
8RAG e 0. 1.48E=-07 0,
BRABS 0 0. 6¢84E=09 0,
KRB3M Oe 0. O Oe
KR8BSMm O 0. 0. 0.
KR85 0o 0, O O
KR87 Oo 0, 0. 0
KR88+D Do Oe O O
KR89 De Oe 0, Oe
RBAK Ne 5¢36E-05 3,09E=-05 0,
RrRB8? Oe Je16E=05 1437F=«0S5 0.
RB88 0. 1e52E=07 9,90F«08 0.
RBAGL Ne 9.33t =08 7,838 =04 O
SRH9+D 1e62E=04 O G.66E=0b O
SQ9000 2.73E-02 O. 10745-03 Oe
SR91+D J.28E=08 0, 1424E=09 (o
SR92+D 3.56E-09 o0, 1.42E=-10 0,

*Includes a 50% increase to account for

N\

28

PER PCI INHALED IN FIRST YR)

K IONFY
3.04E-07
0,
1.82F=06
2¢33F-08
0,
4ebL]E=05
0035E'06
0,

Oe

0,

0.
?:39€=006
6eS57E=09
?071E'0b
4,52E=10
0.

0.

10635‘09
IOQBE-OS
GoP2E=09
153F=]11
1e71E=06
0,

0.

Oe

0.

Ne

0o

Ne

0o

O.

N, *
0.

0.

LUNG
3.04E-07
7.“15-0“
1.82E=06
2¢33 =04
O
4eblt=ny
4435E=0NE
0,

A% =0Y
1e648E=08
7¢21E=02

O
459k =06
G4e.26E=04
3.55L=0n6
3. 00FE=n5
3.“3E‘04
le37k=0u
2e99t =04
1.91E=03
e 736 =084
70“3&'05
2ellt=Np
2¢59k =06
2ehYLk =Ny
TeIRE=Np
3.84E=-07
I.Q9E-0a
0.

0.

O
N,

1,228 =09
6.58F=NY
5.66E=09
3.38E-08
6.996-05
4.55&-08
0.

O
O
O
5.A3E=00
3.99t=03
let4t =05
€GN0

percutaneous transpiration.

GI=-LLI
3.04E-07
1.72E=0%
1.,82F=06
2¢33E=0R
3.376'07
Le4]1F=nS
“.355-06
1.14F =05
0,

0.

2.94F =07
Pe45F =05
2.93F =07
6.19F =06
3.33E=05
Te75F =07
1.91F =08
3.58+t=06
QOEQE-06
PehNFany
6.29E'07
Je71E=n6
P.27F =05
9,927 =06
GeGlF =06
2:71F=nS
?075F-06
3.“36'“6
0.

Ne

0,

N,

N,

Oe.

O

0.

Ne

0.
2e1HE=06
2¢96F=07
4,6KF=DnY
S.l1F=10
‘0525-05
9.,28F <05
4,T0F=05
6.55E-05
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CHILD INHALATION

1SOTOPE
Y90
Y91MeD
Y9l

Y92

Y93
ZR93¢0
ZR9SeD
ZR9 7D
NBO3IM
NB9S
NBS9?
M093
M0994+D
TCOoM
TC99
TCl01
RU103+D
RU105¢D
RU106¢D
RH105
PD1O7?
PD10Y
AG110MeD

\ 46111

CO113m
COl15M
SN123
SN12S+D
SN126+D
S8124
S8125+D
SBlee
s8le27
TE12SM
TE127M+D
TEl27
TE129MeD
TE129
TE131MsD
TE13]1e+D
TE137+D
TE133MeD
TE134D
1129
1130
1131

.

BONE
le11E=06
1.37E=10
PeblE=04
5¢50E=09
S5.04E=08
€e07E=00
S5¢13E=05
S.07E=08
1e27€E=04
5¢35E=06
lel6E=10
Do
0o
4.615-13
l1s30E=07
Cel9Ew]u
TeS5E=07
60135'10
3.68E=0S
3.91E=09
0.

Oe

4.50E=06
loalE'°7
O

De

129E=04
“095E'06
50235'04
1¢55E=05
2e66E=05
1e72E=06
l1e36E=07
1.82E‘06
5072E'°5
70“9E'10
5.19E=06
206“5'11
3.63E=08
SeB7E=12
10305'07
?.93&-11
1453E-1]
1.05€=05
?o?lE'Ob
1.30E=05

LIVER .,
0.

Oe

0.

O

0.
7.80E=0S
1¢13E=05
Te34E=09
3s17E=05
2e¢48BE=06
2008&'11
30765'0b
40666‘08
9+41E=13
1069E'07
2¢30E-14
0.

0.

0.
2010E'09
2¢65E=07
lo“8t°09
3008E‘0°
S.68E=-08
4e93E=04
7.88E=0%
2el4E~Q6
9.94E=-08
1:04E=0QS
2¢00E=07
2.0SE=07
2.62E=08
2,09E=09
6.29E-°7
2-31E’°6
2¢57E-10
1.85E'06
9.“55'18
1+60E~08
ZOZBE-IZ
7.3bE-08
10515‘11
BesB8lE-12
6.“0E‘Ob
“0“3E’00
1430E=-05

TABLE 6 (contd)
Page 2 of 4

2.99E~08
6.98E-12
6+.59E=06
1¢57€<10
1.38E=09
S.55E=~05
1.00E=05
4e32E=09
1¢04E=05
1¢77E=06
9¢74E=}2
1¢35E=-07
lel1SE=08
l1.56E=11
5.355-05
2¢9]E=13
2490E=07
l.SOE-lO
4.57E«06
l1.79€E«09
2¢51FE=«08
4.95E«10
2¢4TE=-06
3.75E=08
2+¢12E=05
Je3I9E=06
“QIQE‘Ob
2¢95E=07
2¢36E=09%
So“lE‘Ob
5.59E=06
6+16E=(G?
4o TO0E=(CH
2eLTE=Q7
8.]16E=07
1.65€E=-10
Be22E=-07
60““E‘12
1e37€=08
le78E=)2
7.12E-08
leS0F=]1
Ye40E~-12
Se71E=«06
2.2Bt=06
Te37k =06

29

THYROID
0
0.
O
Oe
O
0.
0.
O
O
0.
Oe
0.
0.
0.
Oe
Ue
Ce
0.
Oe
0.
Oe
11
O
0.
O
O
2+2TE=06
1¢03=07
CeB84E =06
Je4]lE=~08
2ebbE=08
1.00E~0H8
1eS1E=09
Se20E=07
106“5'06
5¢30E=]0
l1e71E=06
1e93E~]]
CebLE=QH
4e59E~]2
BeSBE =04
2e32E=]]
le24E~]])
4.28E=03
4©o99E=0u
4e39E=0J

DOSE COMMITMENT FACTORS (MREM/S0OY PER PCIl INHA
TOTAL 800Y

KIDNEY

3s00E=04

" 1e6)E=0S

1,05€E=08
J.44E=(QS
2¢33E=06
2e31E~1]
loObE’Ob
1.06E=«07
le37E-11
1. 75€=06
3,92E~13
1.90E=06
J.,63E=10
4497E=05
30395'09
1.97€E=06
7.06['09
Se74E=06
1.71€=07
Se13E=04
5¢93E=05

0.

1.72E=05
1,91E=09
1.36E=05
6.94E~11]
1.08E=07
1,59€~11
4o T9E=07
1.01€E=10
Se71E=]11
1.08E=«095
6¢61E=06
2e13E=05

LUNG
7T407E«05
7,60E-07
7¢10E=04
bo“ﬁﬁ"Ob
2.0lE=05
TelOt=04
6.03E =04
3.06E=«05
le04E =04
1.66EL=04
9.23E=07
le708=04
Je66L =05
2e¢57TE=07
J.37E=04
1.58E-07
le79E=06
4e30E=06
3.87€=-03
7.82E~06
J.16L=05
6e16E=06
leG8E=03
T+73E=05
6.9“E'°“
S«B6E=04
9.59E =04
2.“3&'0“
3.02£=03
8.,76E=04
6.27E=04
2¢86L=0¢
6.17E=05
1429t =04
4.00E=04
CeTlE=06
4e76E=04
Te93t=07
SeS6EL=0%
Se55E«07
1.02&'04
le60E=06
1e23E=06
O
O
0.

LED IN FIRST YR)

GI=LLI

Te24E=0S
4s64E=D7
4,97E=05
6,46E=05
10055-09
1e47E=05
1.65E=05
9,49E=05
2.“5E'°6
1, 00E=05
7.52E=06
3.78E=06
3.42E=05
1.3CE=06
T.75E=06
Q.QIE-OQ
1,21E=05
2.69E=05
le16E=064
1.33€-05
Te26E=07
2+59E=05
2eT1E=0S
2+98E=05
l.63E=05
50975'05
4,05€=05
Ts17E«05
1463E=05
“043E'05
1,09€=05
5.6'5'05
3.82E=05
9.13F=06
1.93€=-05
1 eS2E=05
“e91E~0S
6.89E=-06
80325-05
J,60F=07
3.72E-05
‘0.776.06
4.8TF=07
2e¢15t=07
1.38f=06
7.68E-°7



TABLE 6 (contd)
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Page 3 of 4
N

CHILDO INMALATIUN DUSE COMM] TMENT FACTORS (MREM/S0Y PER PCI INMHALED IN FIRST YR)
1SOTOPE B0ONE LIVER TOTAL BODY THYROID KIDNEY LUNG GI=-LLI
1132 5¢T2E=07 1,1UE=06 S¢0Tt=07 5423E=05 1,69E«06 0. B,65F=07
11330 $eGBE=06 5,49E«06 2,08F=06 1e04E-03 9,13E-06 0. 1e4B8E=06
1136 3el7E=07 SeH4E=07 2,69E=07 137605 B8,92E«07 0, 2+58F=07
1135+0U 1e33E=06 2436E=06 1,12E=06 CelbE=00 3,62E=-06 0, 1.20E=-06
XE131Mm 0. 0. O O Ve 3.30E=09 o
XElaaM Oe O 0o O 0. 4¢306L=09 O
Xt133 O 0. 0. 0. O, 3.66E=09 o,
XEl35M 00 0. 0, 0. 00 ‘00‘085'09 0.
XE13b 0. 0. 0. O O 9.,09E=09 o,
X137 D 0. O Oe 0O 4,07k =08 0.
XE138+D Oe O 11 Oe 0 Sel7k=08 o,
CS134MeD  $,33E«08 BR,92E=08 6.12E=-08 (0, “e94E=08 B,35E«09 Te92E=08
CS13¢4 1e76E=06 2,74E~04 6.07E=05 Q. 8¢93E=05 3,27t=05 1404E=06
CS13% 5¢23E=05 4e13E=05S 4.45E=06 Ve 1e53E=05 5.22t«06 CelTE=07
CS136 16 76E=05 4,62E=05 3el4E=0S U, 2545205 3,93te006 le13€E=06
CS137+D 2ebSE=06 2,23E«04 3,47E-05 Oe Te6OE=05 2,8lE=05 S.78E=07
Cs12as 1e71E=07 2,27~07 leS0E=Q/7 Uo 1468E=07 ]1,.84E=08 7¢29E=-08
CS139+D 1409E=07 1,1S5E~07 S5.80E-08 0, 9.08E«08 9,36E«09 Te23E=12
BA139 4e9BE=10 2,66E-13 1.45E=~11 0, 2433E=13 1,56t=06 1:56€E=05
BAl140+D 2e00E=05 1,7SE=08 1,17E=06 (. Se71E=09 4,71t=04 2475E=05
BAl4})+D 5.29E=11 2,.95E=14 le72E=12 0, CeS6E=]14 7,89E=07 Teb4E=08
BAl42+D 1e35E=]11 9,73E=15 TeS4E=]13 0. TeBTE=15 4o44k=07 TeGlE=l0
1.LAle0 le74E=(Q7 6.08BE=-08 2404F=04d Do O 4¢94E=05 6,10E-05

K 1141 Ce2BEe09 §,31E=10 1415€«10 0. 0. 4e48E=-06 4,37E-05
TAl642 3¢50E=10 1411E=10 3e4S%E=1]1 0. O 2e¢35t=06 2,05€-05
Ctle) 1.06E=05 6&5,28t=06 TeB3E=07 0, 2¢31E=06 ]1,47E=04 1e53E~05
CEl43+D 9¢89E=08 $,37c=0b Te77E=09 0, 2.26E=08 3,12L=05 Jeb4E«(S
CElaaeD 1483E=«03 5,72e=0n4 977605 Q. 3e17E=04 3,23E«03 1.05E=04
PR143 4099E«06 1,50E=06 Ce4TE=07 0, BellE=07 1,1’t~064 Ce63E=05
PRl4a le61E=]1 4.Y9E=)2 8.10E=13 0. 2:64F=]2 4,23E-07 S.32€~-08
NOl47+D 2e92E=06 2,36E=06 le84E=07 0. 1430E=-06 H,87£-05 2¢22E=05
PM147 de52E=04 2,52E«0% 1¢36E=05 0, 4e45E-0S 2,20t=06 S5¢70E=06
PM148MeD 3,31E=05 6,55E=06 6.55E«06 0 e T4E=06 S5,72b=04 3. S58E=0S
PM148 1e61E=06 1,94E=07 1.,25E=07 Ue 3:30E=07 ),24t=04 6,01E=05
PM149 leG07E=07 ],56E-08 8+45E<09 0, 2e15E=08 2,40E=05 2¢92E-05
PM151 3eSTE=08 4,33E=09 2,82FE=09 Oe 7e35€«09 ]1,24E=05 2+50E=05
SM151 Jel4b=004 4 75€=0% le49F =05 0, ©.89E=05 ],48E=064 JJ63E=06
SM]153 Te24E=08 4,5]1E-08 4eJSE=-0Y Q. 1437E=-08 1,37e=05 1.87E=05
EUlS2 TelblE=06 1,37E=04 1e61E=064 0, 5¢73E=06 9,00E=04 1.14E=05
U154 PeT4E=03 2,49E=04 2,27E-064 Oe 1s09€=03 1,66E-03 2+98BE=05
EUlss 5¢60E=06 64,05E=05 3,]8E«05 0, 1eS1E=06 2.79E<06 5,39E-05
EulsSe TeB9E=06 4,23E=06 B.75E«07 0o 2e72E=06 2,54E=04 4,24E=0QS
T8160 Te79€=0 0, 9.67E=06 0, 2¢32E=0S 5,34E«04 2.28E«05
HOl66M 1e34E=03 2.81E«04 2,37€=06 O 4e01F=06 1,13E-03 1,63E-05
wil8] 2e66E=08 6,52€=09 MeY9E~10 0, O Se71lE=06 2,61F=07
wW18s 8.31E=07 2,08E=07 2¢91E-08 0. O leB6E=04 ],]11FE«05
wlaz 4:41E=09 2,61E-09 1,17E=09 O 0o 1011805 2,46E-0%
—
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TABLE 6 (contd)
Page 4 of 4

s e vy

CRILD INMHALATION DOSE COMMITMENT FACTOKS (MREM/SO0Y PEK PCI INHALED IN FIRST YR)

ISOTOPE
PH216+D
R]1210D
PC210
RN222+D
RAP23+D
RAP24+D
RAPZ2W+D
RAP26D
PA22R D)
ACPe2S
AC227+D
TH227T+D
TH228 D
THP229
TH230
TH232+D
TH234
PaA231eD
PA233
Ueldzel
U233+
1234
235D
Te3s
Uelv
L2380
NP237+D
NP2 38R
NPP239
PU238
PU23Y
PUZ4D
PU241+D
PU24?
PULU244
AM241
AM26462M
AM243
CM246r?
CM2421
CM244
CM245
CM246
CM247+D
CM248
CF252

—

J0ONE
9.035-02
Ge
1470E=D3
TeRIE=UG
3.&QE-05
142%E=03
?e34E=r)
1e0YE=C]
1eBlE=DJ
Ge96ELND
F.24E=04
QoObE‘Ol
1.28E+01
J<3VE*Q0
3.68E+00
$.90E=006
B,62E+00
“ol“E'Gﬁ
2e1YF=0]
GebBUE=0/Z
“o“bE'O?
21502
be27E=02
1eS57E=07
4.09E=0¢
z+B8B8E*00
1eP6E=(6
l1e2hE=07
S77E+00
Se24%EeND
3¢23E+00
10465‘01
4,R5FE+00
SehTEeNQ
1eT4F+00
1e79E 00
1e72E400
5,33E=02
1e61E¢00
1¢33E¢00
PelGESQ0
Pel3Ee00
2.07E400
1e72E¢01]
3.92E+00

LIVER
leKSe =02
5.115'06
?.76E-C3
0.

R 89E=n7
10535'07
101“5‘06
7.66F‘06
3.94E=06
1.87E€=03
R,05E=0n]
1.26FE=05
1e0GE=02
lo7ﬁE'nl
1«73E=01
10“7?‘01
3.0IE-07
2eR6E=0]
A LBE=01
0.

n,

Ne

0,

Ne

Ne

0,
2¢21E=01
?.SHE-Oﬁ
Y.04E=09
60056'01
heGuE=0]
6e43E=01
6033E'03
60205'01
7.10E=01
Te8%E=01
70656-01
7.53&-01
G,86E=02
Te33E=01
6.“85-01
Re16E=D)
3e1%E =01
B.O?E-Ol
AeblEDO
0.

T0TAL Roby

JelHF =03
S.bSE-O ,
4s09F =N
O

1 oS4F =04
]1e69E=0S
CeHbE=0u
1e92F=01
106HF'0!
1e2]1F=pu
I,07E=01
2e6TE~0S
PelPke0?
6431C=01
9,20E-02
1.2FFE=01
CeUNE=(7
.40E~-01]
7.?5E-O7
le56E=02
Pe82E=03
2.76E=03
2e59F =03
2eh5E-03
UelTF=0b
Peu2E=0]
l1e1SF=01
197 =04
6¢358 =09
102]6-01
128E=0)
1e27E=01
2.93&-03
1e23E=0}
1e4]F=n])
1e24E =01
1e27E=0]
1:20F=01
44.20E=03
9e98F =02
H.3IE-02
1+2RE=01
1¢28E=01
10265-01
1.04E+00
9.33F-°2

31

THYROID
Oe
Oe
Qe
Ue
O
O
0.
O
0o
0.
O
0e
Oe
0.
Ue
Coe
0.
0o
O,
0,
(VY
O
O
O
O
Ne
0.
O
(VO
O
0.
0.
Oe
0.
O
O
Oe
0o
O
O
Oe
O
O
O
Oe
O

KR IDNFY
heIJ1F =07
S.7bE-05
“.RSE‘OJ
Ne
2e36F=05
QonﬁF-OO
3.02E=05
2«03E=04
] 0GF =004
XQQQF'O“
1477E=01
6.67F-05
S5.41E=02
R-‘gF-OI
Be52F=0]
T.28E=01
1.62E=06
1.56E+00
2.38E=-06
1.67E=02
7e62F=03
Teo7€=03
7.01E'03
70166-03
40535-07
A.SSF-OJ
70“1E‘01
R.1AE=0R
2eHIF=0H
4.‘75'01
4,78E=01
00776'01
1.10F=02
4,6NE=01]
5.27€=0])
7,63E=01
7e7T1F=01
TewPE=0]
10345'02
3074E‘01
3.06E=01
50°3E‘01
S.03E=01
4,08E+00
0e

LUNG
B.74E=02
3.70k=03
1.05L=0]
QQBZE'nb
B.48L=0n2
2492E=02
9. 7‘0& -nz
3.90E=0]}
S.37E =0}
7437E=-02
8.04t=0)
l1.26E=0]
3.34E+00
1,04k en]
1.8SE«0¢
1e77E¢0Q
6,31t=04
1.92€=01}
9.775-05
7.“2t-01
le77k=0]
le74E=0]
1.63L=-01
1.67E=0]
3.40E-05
1.53E=0]
lo?“E'Ol
3-39E-05
1457E=05
6.08E=n1
S«72E-0]
S.71E=01
S«.06E=04
5.50E=01
6430E~0])
2.028-0]
8.1“5-02
l1e92E=V]
l1.31E-01}
2.10k=0]
2402E=-0]
1e95F=0]
1e99c=0]
1.95€~=21
1.61E+00
6.62E=0]}

GI=-LLI
3.75E=0%
3.21E=05
“.3?."‘05
0.
3.,00F=04
3,34F =06
7?.B4F =04
A,02F =04
Sel4E=05
P?.67F =04
S.??E'OS
3.“95-00
3.59F =06
,27€=00
3.84F =05
3.27F-05
7.32E=-05
4,57E =05
A,95E-06
4,33E=05
4,00E=05
3492E=NS
“.QRE-GS
3e67E=05
1.29F =05
3,51F=05
S.OGF-OS
2.50F=05
1s73E=05
Q.GSF-nS
4,26F =05
4433E=05
8090F‘07
4,16F=05
6,20F NS
Lo T73F=05
5096E'05
S5e55F«05
5,06E=05
4,98E=0%
4482E=05
4,49F =05
a.élE-OS
S«80F=09
9,35F=004
1.84FE«04



TEEN INHALATION DOSE

ISOTOPF
H3*
etlo
Cle
N13
Fle
L Il
NAZG
P32
AR3S
ARG}
CA4)
SCak
CRS1
MNS4
MNSE
FESS
FESS
€097
coss
€060
NIS9
NIB3

1.1
\cUht
ZN6S
IN6IMeD
INAYD
SE79
BR82
BRB83+D
BKBY4
BRAS
KR83M
KRBSM
KR&S
KRBT
KRBBeD
KR89
rRBAS
RB&87
RRA&8
RBAGeD
SR89 D
SHO0eD
SR91+D
SR92+D

30NE
O
e THE=QG
10?55‘05
HehGE=0Y
5.5?5-07
le 76E=nNS
1e726=0%
?o3bE'0“
0
O,
“.OSE-OS
Te24E=NS
e
Co.
0o
“-lUE°Ob
1.99E=n6
Ne
0.
De
50““5-06
7025E-05
2e73E-10
(U
QOB?E-O6
l.h&&-09
he04E"]?

De

Ne
0e
Ne
0.
(1%
LI
N,
Ne
N,
O
0,
O
1LY
Qe
5043E'ﬂ§
1.35€=0n2
l-lnE-ﬂﬂ
1e19E=09

*
Tncludes a 50% increase to account f

-

TABLE 7

Page 1 of 4

COMMITMENT FACTORS (MREM/50Y PER PCI INMHALED IN F

ILIVER
1.59E-07
4¢33E=05
£ .09E=n7
R,65E~09
0.

le76k =05
1072E‘06
1.37E=05
0.

0,

0
ledlE=00
0.

e IYE=06
2e128=10
2.98E=06
L.62E=00
,QIBE‘07
?cng-OI
1.89E=06
Po OZE'Oh
S.Q3E-Ob
JebbE=]])
PeS56E=-10
1e&67E~05
3.39E=09
le15E=11
50‘35‘“’
0

N

2e¢38E=0S
1.40E£=05
6.FZE-08
4.40€=08
0.
0
0,
Ne

TOTAL BoDy

1.59E-07

7.09F =06
6.09F =07
T.10E=0¢
Io?ﬁE‘OS
1. 72806
R.95E =086
(U

0.

4e3KF =06
4416 =05
l.bQF-Oa
1.05E=06
JelSE=]]
6.93F=07
1679k =06
1415F=07
3 4T7E=07
PobRE~Q6k
9,24E=-07
2:47E=N6
]onF-ll
1.06F«10
TeBOE=D6
30115-10
Re07E=~13
8e71F=08
2e2RE=06
4,30F =08
Se4lE=0R
2029k =0V

1e¢0%E =05
4.,5H4F=06
30“0E‘08
2e¢91F-(8
1e56F <06
P.JSE’O“
4,39F=10
5.08E-]1

32

THYROID
1.59E-07
Oe

G (19F =07
He ESE=09
(UM

le 768 =0%
107?5‘06
0.

O

Oe

Do

Oe
Y.37E=NY
O

0O

Ue

Oe

Oe

Ue

0O

Ue

KIDNEY
1.59E-07
N,

Ao I9E=07
ﬂ.bSE-O9
0.
le76F=0%
107?E-06
0.

0,

0,

Ne
1e35F=(a
J.H4F =09
1059E‘06
2e26F=10
0,

N

0,

0.

O

(U

0,

0,
HQOIE-IO
1.0RF=0%
2.06&‘09
7e53E=12
Re13E-07
0e

LUNG
1.59E-07
6,096 =07
#.65t-"g
Ne

le 76k =05
1472€=06
0.
4,00E=09
lc““t'nh
1401E=0})
0.
?obZE-nb
?.“RE-OA
1.90E=0¢
155t =08
1e91E=ny
Te33E=0%
le6RE=U4
1.09E=03
l.41E=NS
3.84L =05
l1e17€=00
139t =06
1e55E=04
3.92E=06
1e98E <07
7T.71E =05
0,

0.

0,

0.
9.97h-10
Sebt =09
‘..635‘09
2.82E=-08
HSeBlE=tin
30855-08
0.

0.

0.

0.
3.028«04
2.06E«N)
7.59E-nb
3e43E=06

or percutaneous transpiration.

IRST YR)

GI-LLI
1.59E-07
1. 77F =0%
6,09FE =07
A, 65F =09
3.89F =NR
1e76F=ns
ln7?E'06
l.lGEfOS
0,

N,
3.03Fan?
?s98Fwng
J.75F =07
R,35F 0k
7.1RFan6
7.995-07
?e23FE=n%
1.QBF-nb
1.19F=n5
3,24F=nS
6,4RF a7
1.77F=n6
4,59F =06
T.6RF =06
Se83F =06
Pel4E =05
3.56F=n8
3053F-06
0.

Ce

0.

Ne

LY

0.

Co

N,

0.

0,
2:21E=np
J.05Fan7
3.65F-15
4,02F=17
4.64F=nG
q.ShE-OS
J.24Fanb
1449FansS



TEEN INHALATION DOSE

I1SOTOPE
Y90
Y91MeD
Y9l
Y92
Y93
2ZR93+D
ZR9S+D
ZR9T7+D
NBO3M
NB9S
NB97
MO93
MO099+D
TCO9M
1C99
TClo01l
RU103+D
RU)05¢D
RU106+0D
RH105
pPODl07
P01 09

(_AG110MeD

AOL111
COl13m
CD]1]15M
SN123
SN125+D
SN126+0D
SBlze
s812S+D
sBlee
sdlav
TE125M
TE127MeD
TE127
TE129MeD
TE129
TE13]1MeD
TEL131+0

TE132+0 .

TE133MeD
TE134+D
1129
1130
11310

BONE
3.73E=07
Ge63E=-]]
Be26E=05
1e84E=09
1e69E=08
6.83E=05
10325-05
le72E=08
GelGE=0S
2e32E=06¢
3.92E=]1
0o
0.
1.73E=13
“0685-08
Tew0E=15
2e63E=07
leGUE=]10
1e23E=05
1432E-09
0e

Oe

1¢73E=06
6.,07E=08
0o

0.

4e31E=05
1e66E=06
2e18E=06
503BE°06
9.23E=06
6019E'07
“.6“&'08
5010E'07
2¢25E=05
20515']0
l1eTuE=Qb6
B.87E-12
1¢23E-08
1e97E=12
4.50E-08
loOlE‘ll
5031&'12
3.53E~-06
7T.80E=07
4e43E=06

TASLE 7 (contd)
Page 2 of 4

COMM] TMENT FACTORS (MREM/S0Y PER PCI INMALED IN FIRST YR)

LIVER

0.

0.

0.

0.

0.
3.58E=05
S.73E=06
3.40E~09
1e¢36E=05
1s29E=06
9.72E~12
10665'06
2.11E~-08
“.83E'13
60585’08
1.05€E=14%
O

O«

0.
9.,48E~10
lol7£'07
6e56E~-10
1464E=06
2.52E=-08
2el17E=04
I 4BE=0S
9.““E'07
“0“25'08
S5¢39E=06
9.926'08
1.01E=07
1027E‘°8
9,92E~10
2¢80E=07
10025-06
I.IBE-IO
Be23L=07
4e22E~12
7051&'09
1s04E=12
3.63E=048
70335'12

&435E~-12

2494E=06
2e26E=06
Gel6t=06

TOTAL 800Y

1.00E-08
1s77E=12
2.21E=06
50365-11
4.65E-10
1.84E=05
3.94E=06
1.57E=09
3.41€E=06
7.08E=07
3.55E=]2
4eS2E=-08
4,03E=09
6.20E=12
1.79E‘08
1,03E=13
l1e12E=07
Se42E=-11
155E=06
6.24E=10
8039&-09
1.66E-10
9,99E=07
l1.2¢E=08
T.10E=06
leluE=06
1:e40E=0N6
9.99E=-08
Be24E=06
20105-06
2.15E-06
2e23E=07
10755-08
803“5'06
2¢13E=07
S5.52k=11
208]5-07
2.20E=-12
S¢03E=-0Y
6.30E=}3
2eT4F=08
Se71E=12
Jeb4E=]2
4,90E=-06
8.96E=07
3.30E=06

THYROID
O
O
O
[
0.
O
Oe
O
O
O
0.
O
O
0.
Oe
Oe
Oe
O
Oe
Qe
O,
Oe
O
0.
O
O
T+SSE=07
J.45E=-08
10425'06
1e22E=-08
8.80E~0Y
3e50E=09
521t~10
le7S5E=07
Se48E=-07
le7TTE=10
Se728=07
b.“BE-lZ
Y9 06E=-0Y
1¢55E-12
3.07E=08
#el1BE~]12
Ge4bE~12
Je66L=-03
]1e86E=04
1483E=0J

33

KIDNEY
0.

0.

0.

O

0.
lel6E=04
B,02E-06
50155-09
159E=05
1.25E=06
leléE=1]
5.065'07
Se14E=08
7+20E=12
8.35E=07
1.90E=13
9.29€E=~07
1076E'10
2¢38E=~05
4,04E=09
9439E=07
3036E‘09
3.13E=06
8017E'08
2e63E=04
2+82E=05
0.

0.

O

Oe

O

0.

0.

O
8417E=~06
9,10E-10
60“9E'06
3.32€E=-11
5.69E-08
TeT2E=12
20““E’07
5007E-ll
Ce91E~-11
S.26E=06
I uuE=Q6
10055’05

LUNG
3.66E=05
4e00E=07
3.675'0“
3.,35E=06
1,04E=09%
3.67TL=04
3¢36E=04
1.62E=05
S¢36E=05
9,39E-05
“oglE'07
8.,81t=05
1492t=05
le44tE=07
1.7“&'0“
8434t=08
9,79t =05
2e27t=006
2¢01E-03
409t =06
1,63E«05
3.15t=06
BebE=00
6.00&-05
3.59E=04
3¢03E=04
4¢96E =04
1+.26E=04
l1e72E=03
Ge8lE=0a
Jeb2E=04
1eS5L=06
3.31L=05
6.70t =09
Ce0TL=04
l1e0F=06
2eblE=Nb
4012&'07
2¢97E=05
2¢92t=07
S¢e61E=0%
8.71k=07
6¢75E=07
O
O.

Oe

GI-LLI

6.99E=-05
3.77E=09
S.11E=-0S
2.06E=05
T.24E=05
1.,60£=-05
1.86E=05
7.88E-05
2¢52E=06
1.21€E=05
2.,71E=-07
3,99E=-06
3036E'05
7.66E'07
7¢99E=06
1.09E-16
1+36E=05
1.13E=05
1:20E=00
1,23E=-05
7.“9E'07
1,96E£=05
3.“15-05
J.00E=05
1.68E=0Y
Se10E=0S
4e16F=05
7.,29E=05
1+6BE=05
‘OQQBF-OS
1,24E=05
6,01E=-05
3¢94E=-05
9.38E=06
1,99F =05
10015-05
5.06E=05
2e02E=07
7.76E=05
1089E'09
S.79€E=05
1.23E=07
1.37E=09
2.29E=-07
le14E=06
RellE=D7



N
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TEEN INHALATION DOSE

1S0TOPE
1132
1133+
11364
1135+0D
XE131M
XE133M
xg£133
XE135M
XE13S
xe137
XL13kreD
CS134MeD
CS134
CS135
Cs136
CS137+0
Cs13s8
CS139+D
BA) 39
BAl40+D
BAl4wl+D
BA142+D
LAl40
-Alal

“LAl42

CElal
CElal+D
CElaaeD
PR143
PR1g4
NO14T7eD
PM147
PM148MeD
PM148
PM]149
PM1S]
SM151
SM153
EVlSe
EUlSe
EU1SS
EV]1S6
18160
HOl66M
wlal
w1l8s
wla?

N

BONE
1.99E=07
1+52E=00b
lollE'O7
4.62E=07
0.

O

De

0.

0.

(UM

0.

2e20t=08
6.265-05
2408E=05
b.““E-06
8.,38E=0%
S.RBR2E=08
3.65E=08
l|6’£'10
5.84E=06
le78k=)]
3062E°12
5.99E=08
T+63E=10
1.20E=10
3.55E=06
3.32E'08
6011&'04
1e6T7E=06
5¢3/E=1?
F.83E=07
leloE=00
10326'05
Se04E=07
“091E‘05
l1420E=08
1.075-03
2443E-08
209b£°0“
90“3E‘0“
2e00E=04
20705'06
3.04E=05
Ge40E=04
80905‘09
2eTBE=Q?
1.50€=09

COMMITMENT FACTURS (MREM/S0Y PER PC
T0TAL RoLY

LIVER
5047t‘07
2e56£=06
2¢90E=-07
]olaE‘06
O

0.

0,

O

O

Do

O
QQBSE-OB
let.1E=04
1e62E=05
Pe42b=05
1406E-04
1007E"I7
50125'03
l1+18E-]3
8033E‘09
le32E=]0
4s63L=15
2095&-08
235E~-10
Se3lE~=11
2:37E=06
2e42E=08
2¢53E=-04
6e64E-07
2.20t=12
loO?E'Ob
10105-05
3,35k =06
teBBE~0H
6.89E-09
1099E'09
ZOIOE-OS
2+01E-08
7419E~-05
1023E'0“
1¢96E«05
2.03€E~-06
0.
1e436E-04
2¢8BE=0Y9
9-17E'08
1e22E-09

TABLE 7 (contd)
Page 3 of 4

1.97E=07
7.78E=07
1.,U5€E=-07
4s36E=07
Co

O

0.

0,

0

O

Ue

2e35E=08
6eHO6E=05
Le4uTE=00
le7]E=05
3.89E-05
5.58E=08
1.97t=08
4.87E~12
4oHs0E=07
5093?'13
2eBGE=1]
7.82E-09
3.87€=11
1032E'11
2.7T1E=07
2070&-09
3+28E=05
8.28E~-08
2.72E=]13
6+:41E=08
4¢50E=«06
Ce62€=06
4.48E-08
2e84E =09
1e01k-0Y
4.86E=06
1.47E~09
6+s30E=05
8060&'05
le21E=05
3e3CE=07
3-79E‘Ob
9087E-05
3001E°l°
Se73F=09
4¢29E=10

THYROIOD
1.89E=08
Je65E~=00
4e94E=(Q6
{e76E=0Y
Coe

Oe

Ge

Oe

e

Qe

Qo

34

KIDONEY
8,65E=07
4.49E=06
“oSBE'07
1.86E=06
0.

O

0.

Oe

0e

O

O,
Ce54E=08
4069E'05
T¢30E:-06
1.38BE=05
3.80E=05
8.,28E=-08
4.34E-OB
l1.11E=13
2¢85E=09
1623E=}4
3.92E=-15
0.

- 04

O

lellE=06
1,08E=08
1.51€=006
3.86&“07
le26E=)2
6.28E=07
2¢10E-05
S.07E=06
1,60E=07
l1e31E=08
3.57E=09
20275-05
6:¢56E=09
3.34E=004
SeG4E=04
7+65€E=05
1.36E=06
1.20E=05
2¢00E=04
(e

O

Qo

LUNG

O

O

0.

O
2.70E=09
3.59L =09
2+99E~09%
3.,88E~09
7.55E=09
J.33t=08
4.,38E=08
4.56&‘09
1.83L=05
2+70E=06
2¢22E =06
1+451E=0%
9.84E=09
“.86E’09
8.08E=07
2¢54L =04
Gellb=07?
2¢39E=07
2e08E=05
2¢31L=06
le27E=06
Teb67t=05
1463L=05
1.867E=03
6,04k =05
2el9E=07
4,55k =05
lelGt=04
J.20t=04
6.52E=05
1.24£=0S
6.56E=-06
7Te68BE=05
Tellt=06
Se0lE=nu
9012E-0“
1+S1E=03
1e37E=04
2.97L =04
6.2“E-°“
2:95E=06
9+60E=05
S92k =06

I INHALED IN FIRST YR)

GI=-LLI
1e59€E=07
1,29€=06
2+55E=09
8,69E=07
0.

0.

0.

2¢02E=-08
1,22E=06
20235-07
1436E=«06
10066-06
3.38E=-]1
1e66E=23
8.,06E=07
2+B6E=05
9.33E-14
Se99E=20
6,09E«05
1.5“5-05
1.50E=06
IQSBE'OS
3019E-05
10°8E‘°“
2+67E=Q5
2494E=]0
2.28E=0S
Se87E=(o
4,]10F=05
6-1“E-05
2eT79E=05
2.27E=05
3.53E=06
1 77E=0S
1035E°05
3,34E=05
5+97E~05
4,56E=~05
2¢60E=-05
1.68E~05
2¢69E=07
l1.14E=«05
Ce21E=05
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TABLE 7 (contd)
Page 4 of 4
\
TEEN INHALATION DOSE COMMITMENT FACTORS (MREM/S50Y PER PCI1 INRALED IN FIRST YR)
I1SOTOPE BONE LIVEQ TOTAL BODY THYROID KIDNEY LUNG Gl-LL!
PHZ210+D A.09E=02 R PHEZ=03 1.07E=03 U Pe95F«~02 4,S2E«02 1,87F=05
Bl210+D Do 2e26F =06 | 4R9F =07 0o PeT4F=05 1491E=03 3,19F=0S
PD210 5.6BE=06 1,226=03 1,376=04 0, -4e2lF=03 S,4]lE=N2 4,45F-05
RNP22+N N N, 0 0o 0, 3.94E=06 0,
RAZ23+D 2e57E =0l  3,93F=07 S,14F=05 (. 1012E=05 4,39E«02 13,04F=06
RA2244+D 24RIE=05 K 77E=08 S,6%E=06 0, 1493E=-06 1.,51E«02 3,29F-06
RAZ2S+D 1e2BE=04 S,06E=07 B.56F=05 0 1o4UE=05 S.04E=02 2,89F-064
RA226+D 1e33E=01 3,38E=N6 QHIE=02 0o 9¢67E=05 2.02E=0] 3,11F=06
RAZ22R+D Se30E=02 1.74E=N6 5,8RF=02 (. 4,9TE=NS 2.7BE«nN] S+30F=05
AC?2% 60060E=U8 H.25€=06 4,0RE=05 0. 944TE=05 3,B8lE=02 2,70F=04
AC227+D Pet6SES00 34sRYE=N] 1,4HE=0] O 1 07E=01 4,16E=0] 5,38F-05
TH227+D 3.09E~06 S5.56E=06 R,93E=06 0. 3.18F=05 6,50E=02 13,57F=04
THZ228eD Peb6NE=0] 4437603 B,78F<03 U 2e45F =02 1.69E+00 4,70F=06
TH22S Fe06E*00 1,36E=01 &4,45F=01 0. 6e6TE«0] 5,05E+00 3,36F«04
TH230 2436E+00 1,34E«N]  6,49E-02 0, 6.55€=01 H,98t-0] 3,95F-Q5
TH232+D 2.61E+00 1414E=01 G,21F=02 (. 5:60E=01 B.60FE=N] 3,36F=-05
TH?B“ ?o3?E-05 1.355'07 6071F-08 O 7.73F'07 3.265-04 7.“9"05
PAP23]+D 5¢32E+400 2,00E=01 2.07E=01 0o 10126400 9,91E=02 4,71F«05
Pa21a 1e6BE=0b  3,24E=07 2,89E=-07 0, 1622E=06 5,39€«05 1,00F=05
U232+0D T¢31E=02 0. S¢23E«03 0. 7¢94F =03 3.84E=0] 4.46E=05
U?33’D ].SSE-OZ 0. 90425-0“ 0Oe 3.63E‘03 9.18E-02 4.125-05
U236 1-‘085’08 qo 9023E-04 00 3.55E-03 8.99E-02 “oO“FCOS
u235+0 le42€=02 0, BebTE=04 Qo 3e34E=03 8,44E-02 S,13E-05
& 1236 1.42k=07 0, 8.,86E=-04 0, 3,41E=03 B,62E-02 3,79F =05
"(’237 30255'08 0. lo“OE-OB Oe ?olﬁE'O? 10765-05 10295'05
u23ig+b 1e36E=02 0. Bel0F=04 0. Js]12E=03 7.89E-02 3,62F=05
NP237eD 1e77TE400 1,54E-01 7.21E-02 U, S¢3SE=01 B,9Y9E-02 5.22E=05
NP2 38 4¢23E=«07 1.]3E=08 6,59F=09 0. 3.88E=08 1,7S5E<«05 2,38F=05%
NP22a9 4e?3E=08 Ie99E=CY 2.,21F=09 (. 1:25E=08 84,1106 1,65F=05
P1J238 CeRBESD0 4,06FE=01 T7,22E=02 0. 3¢10E«01 3,12E=01 4,79E«0S
PU?239 3e31E¢00 4.50E~01 Be0S5E=02 0. 3e44E=0] 2493E-0] 4,37TE=05
PU240 3.31E+00 4,69E~01 B,04t=02 0. 3.43€E=01 2.93E-0] 4.46E=05
PU241+D 5¢97F =02 3.57E«03 1.40E=03 0, 6e4TE=03 2460E«NG 9,]17F=n7
PU242 J.07E+00 4,33E-01 7.75F=02 O, 3.31E=01 2.,82E«0]1 44,2905
PU244 3e59E400 4.96E=Q] B.8BE=02 0. 3.79F=01 3,230} 6+39F =05
AMZ24) 1e06E*00 4407E=0]1 7410F=02 Do 5¢32E=01 1.05E=0] 4,R8E~05
AM242M 1e07E+CO0 ,93E-01 7,156=02 0, 5¢30E=01 4,21E-02 6.14F =05
AM243 1e06ES00 3.92E=0]1 6¢95E«02 0. Se21E=01 9,.9}E=02 SeT2E=0S
CM242 2e12E=02 2,14E~02 1,41E=03 0, 6e40E=03 6,76E«02 S.21E=05
CM243 8e45E=01 34S0E=01 Se.00E=02 0o 2e34E=01 1.09E«N1 S5,13F=0S
CM244 6e46E=0]1 3.03E=01 3.8RE=02 0. 181€=0] ],05€E«0] 4,96E=05
CM245 10326400 4,11E«01 7,53E=02 0, 3eS52E=01 1.01E=0) 4,63F=05
CM246 1eJ1E400 4o11E=N1 7,92E=02 0. 3¢51E=01 1.,03t=0] 4,54E=0S
CM24 7D 102BE+00 4.04E=0] 7,4)E=02 0. 3e46E=0]1 1,01E=0] S497E=05
CM248 1s06E401 3.33E400 6,11E=-01 0. 2¢8SE*00 B432E=0]1 9,63F=04
CFos2 J+29E+0C o0, 3.07E«02 0. 0e Je43E=0] 1,R9F=06
N\
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TABLE 8
Page 1 of 4

ADULT INHALATION DOSE COMMITMENT FACTORS (MREM/S0Y PER PCI INRALED IN FIRST vR)

1soToPE
H3*
BElD
Cla
N13
F18
NA2?
NAZG
P32
AR39
ARGY
CAa)
SCun
CRS5]
MNSG
MNS6
FESS
FESS
coS7
coss8
Co6&0
NIS9
NIG3
165
66
ZN6S
INEGMD)
ZN6Y
SE79
BRA2
BRAR3+D
BRB4G
BR8s
KRB3IM
KRASM
KRAS
KR87
KRAR+D
KR89
RB86
RBAT
RB88
RB89+D
SRB9+D
SRO0 0
SRI+D
SRO2+D

50NF

0,

1.9H4E=004
Peclb=0b
5.2’E‘09
“0715'07
1.30E=05
1.28E=06
1.65E=064
Co.

Co

3,A3E=05
5.5]1E=n5

N

De
0.
2.07E=06
1e47E=06
Ve
ﬂ.
0o
QQObE-Ob
5.“05‘05
1e92€=10
Do
4.05E=06
1.02E=-09
Ge.23E=12
0.
0.
0.
0e
Ue
De
0.
Oe
Oe
Ne
Ne
0.
Ne
R
O
3.B0E=05
le24E=0?
TeTUE=09
8.“35-10

LIVER
1.58E-07
3.06€-05
k.?bE-ﬂf
6027E‘09
Ne
1e30E-05
lo?SE‘Oﬁ
°o6“E'06

1-07E-0“

Do

“QQSE-Ob
145512
s 12E=06

1.“7E‘ﬂﬁ

R,kSE=0n
1e98E=07
1s64FE=06
l.aﬁE-Ob

1.93E‘06

2e62E~1]
1sRIE=-10
1s29E=05

?OQSE-OQ

RelaE=)y?

3.83E=07

N

N,

0.

Ne

0.

urs

0.

0.

0o

N,
1.69E£-05

9.86&‘06

“08“5-08

3.205'08
0,

0.

0.

0.

TOTAL RODY

1.58F-N7
“.96F-06

4o26F =07
6.27F =09
Sel9F=0R
le30F=0S
1e28E=06
6.26E-Oh
0o

0.

44]13E=06
3.11E«05
1.25E=08
7T.87€«07
2¢29%E =11
4e93E=07
1.32F=06
R,39E=08
2e¢59E=07
1.85E=06
6o ITE=0Q7
leBlE=06
leldE=11
7.695-11
50825-06
?OZ“E-IO
5+65F=«13
6.09C=0N8
1.69E-06
3,01E=04
3.91E-08
1.60€-09
0.

0.

O

0o

0.

0.

7037F-06
3 21E=06
2e04]1E=-03
2.12E=03
1.09€E=06
7462E=04
Jel3E-]0
JebbE-]]

THRYROIN
1.58E-07
O
GorhE=NT7
G2 7E=0Y9
0.
1¢30E=05
1¢28E=06
0.

O

(UM

O

(11
TewGE=H9
0

O

KIDNE Y
1.58E-07
0,
Ge26F=07
6.27E-09
N,
1.30F=-0%
1,2BF=06
N,

0.

0.

0,

9.99F =05
2+.85E=09
10?35-06
1,63€=10
0,

O

0.

O

0,

Ne

0.

Co

5. 78E=10
B.6PE=06
1.6RE =09
S.27F=12
Se69F =07
1UN

0.

N,

0,

0.

0,

N,

O

0.

O.

0.

N,

Ne

N,

0,

0.

O,

o,

LUNG
1.58E-07
2e22E=04
Ge?6EN7?7
6.27E=09
O
1.30E=05
1e28E=0g
0.
2.08E=09
B4 06F =09
3.33&'06
0.
l-HOE-Ob
1-75E‘0“
ls18E=CoH
9.015-06
1270 =04
“.6?E-05
lelbb=4
TeabE=D4
He20E=06
2+23E=nS
T.0CE=-07
Be4HE=n?
le0HE«OG
2e3HE=D6
lelSE=07
G.Tt=NS
Ne

0.

0,

0,
5.19E-10
20915-09
P.4]lE=09
1.53E =08
3.13E=-08
2.13E-08
O

0.

O

18
1e75E=04
1e20E=03
G.56E=06
2.06E=06

*
Includes a 50% increase to account for percutaneous transpiration.

\»

36

GI=t(1
1.58E-0/
lob7E-05
Geo26F =07
5027E-09
9.?45-09
16 30F =S
1. 2RF =Nk
1.08F=05
0.

0,
2.BRF=-0T
3,23F =05
4415F-n7
9,67F =06
30535'06
7e54F=07
2035?'05
3.93F-06
1.33F=-08S
30565-05
fellf=n7?
1.67F-06
] eS4F a6
hel2F=06
F.68E=06
le71Fans
2e0GF=ng
3.33F-06
1.30E=0¢
?+90F=08
72.05F=13
0,

0.

0,

0.

0,

D,

0,
2.08F=06
?+.88E=07
40185-19
le16F=21
4437F=n5
9,02F =05
2.39E =05
S.38F=n6
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TABLE 8 (contd)
Page 2 of 4

ADULT INHALATION DOSE COMMITMENT FACTORS (MREM/S0Y PER PCI INHALED IN FIRST YR)

1s0TOPE
Y90
Y91MeD
Y9l
Y92
Y93
ZR93+D
ZR95+0
ZR97+D
NBO3IM
NB9S
NB97
M093
M099+0
TC99M
TC9%
TCl01
RU103+D
RU105+0D
RU106+D
RH10S
POl07
PD109
AGlloMmeD
K~ 6111
<0D113M
COlism
SN123
SN12S+D
SN126+D
SB124
S8125+N
sB8leeé
S8le7
TE125M
TE127MeD
TEl27
TE129MeD
TEL129
TE131MeD
TE131+D
TE132+D
TE133MeD
TE136+D
1129
1130
11310

-

BONE
20615'07
3.26E=11
5.78E‘05
1e29E=09
lel1BE=08
5022E=05
le34E=0S
1.21E=08
3.,10E-05
le76E=06
2.78BE=11
O
O
10295'13
3.13E=08
5.22E«15
1e91E=07
F.88E=11
306“5'06
9.2“E'10
De
De
1¢35E=06
%+ 25E-08
De
Do
3.02E-05
lel6E=06
1e58E=06
3.90E-06
6.67E=06
3050E'07
3.30t-08
Ge2TE=07
1.58E~-06
1075E'10
1e22E=06
5e.22E~-12
5.7“5'09
1439E=12
3.25E=08
7Te20E=]2
3.8“E'12
20“85‘06
S5¢72E~07
3.,15E=06

LIVER

Oe

(1]

(U

1UN

O
2¢92E-06
4¢30E=06
2e45SE=09
10015'05
9077£'07
7T.03E=-12
1017E”06
1s51E~08
30645'13
406“5‘“8
7.52&‘15
0.

Oe

O
6e7T3E~10
R.,27E=08
Ge63E=10
1e25E=06
1.78E=08
loS“E’O“
CebbE-05
60675'07
3012E'06
4.18E-06
7.36E-08
7.445-08
9.13E=09
Te22E~-10
1098E‘07
7.215-07
8003E'11
Se84E=07
2+99E-12
qo“SE'09
704“E'l3
2e69E~08
50“05-12
3e22E=12
2011E'06
1.68E=06
4.4TE=00

TCTAL BOLY

T.01E~09
1e27€=12
1e55E<«06
3,77E=]11
3+26E=]0
1637€E=06
2.91E=06
1,13E=09
2¢49E=06
5.265'07
2e56E~]2
3.17€=08
20875‘09
4e63E=]2
1.25F =08
Te38E=}]a
8.23E-08
3.89E=~]11}
1,09E=06
“o“3£'10
S«BT7E=09
lel6E=10
Te43E=07
8,87E=09
4¢97E-06
7e9%E=07
G.82E-07
T.03E-08
6.00E’06
1.55€=06
1.58E«006
1,62E=07
le27E=-08
S.84E-08
1e96E=07
3.87€E~11}
1.98E=07
1e55E=]2
3.63E=09
Ge4OE~]3
2.02E=-08
G.l7E=]2
157E=12
6091E'06
6460€E=07
2eS6E=06

THYROID
Oe

O

O

(10

Oe

O

Oe

O

0.

0.

0.

Qe

O.

Oe

O

O.

O

Oe

Oe

Oe

O

Oe

Qo

Oe

O

Oe
5.67E=07
CeSYE =08
1423E=-06
Sed4E=0Y
6075E°09
CeTSE=0Y
3097E‘10
1le31E=0N7
Gellt=07
1e¢32E~=10
4¢30L=07
4¢BTE=12
6GeBEE=0Y
lel7E=]2
2¢37E=08
6e27E=}12
30““&'12
5¢54E=03
leb2b-04
leb9E =03

37

KIDNEY
0,

Oe

0.

Oe

Oe
1411E«05
6.77E=06
J.71E=09
1:16E=05
9.67E=07
80185'12
3.555'07
3,64E=08
S¢52E-]2
5.85E=07
10355.13
Te29E=07
1.27E=10
1e67E=09
2.865'09
6,57E=07
2¢35E=09
2e46E=Q6
507“E.08
le71E=04
1.98E=05
0.

Oe

O.

Oe

0.

O

0.
1055E‘06
5.725-06
6637E=]10
4.,57F=06
CeIGE=]1]
3.86E=08
Sekb6E=]12
1.82E=07
J.T4E=-11
2e18E=]1]
4.53E=06
2061E'06
Te66E=06

LUNG
2e12E=05
2e%0E=07
2e¢13E=~04
1.96&-06
60065'06
2¢13E=05
Ce2lE=0%
9;8“&'05
3.11E-05
6431E=05
3.00t-07
SellE=05
lol“t-os
9.55E=08
le0]1E=00
4.99E=08
6031E=05
1.37E=06
le17E£=03
Ceb)lE=06
9.47E=06
1.85E=06
Se79E=04
2¢33t=05
C+08E=04
le76L=04
2088&'04
Te37E=09
lel7t =03
3.10E=04
2.18L=04
9.,57E=05
2.05E=05
30925'05
1.20t~04
8.14E=07
1e4SE=04
2e42E=07
1.82t=05
le74k=07
3.60E=05
5.51E=07
H434E=07
O

0.

0.

GI-LLI

6,32E=05
1.66E~10
4.8l2=05
9.19E=06
5027E'05
10515'06
10885-05
6.5“E.°5
20385.06
1,30€=05
3,02E=08
3.,79€=06
3.10E=-05
S5.20E=07
TeS50E=06
1036E'21
1.38E=05
6.02E=06
lelé4E=04
1.09E-05
7.06E=07
1.52E=05%
3., 78E=05
2¢T9E-05
1+59€=05
4.80E-05
3.,92F =05
6.81E°05
1.59E=05
S+08E=05
1426E=0S
6.,01E=05
J.T7E=-05
8,83F=06
1.87E-05
Tel7E=06
4, T79E=05
1.96E-08
6+95F =05
2030&'09
6.37E=05
50495'08
2¢97F=}1]}]
2¢22E=07
9.61E=07
T.85€=07
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TABLE 8 (contd)
Page 3 of 4

NS

DULT INHALATION DUSE COMMITMENT FACTORS (MREM/S0Y

SOTOPE
1132
1133+
1136
11350
XE131M4
XE133Mm
XE133
XE 135M
XE13%
XE137
XE136+0
CS13uMeb
CSl3a
€S135
CS136
CS137+D
Csl138
CS139+D
BA139
©Al140+0D
BAla]l+D
BAl42+D
LAl140
LAlal

\_tLAl62

Ctlal
CEl43e¢D
CEluweD
PR143
PR1ao&
ND14T7+D
PM147
PM]48MeD
PM1a48
PM149
PMIS]
SM151
SM1523
tulse
Eulse
Eulss
EULS6
T8160
HOl66M
nlBl
wlss
wld?

-

BONE
10“55-07
1.08t=006
8.05E=04
3.35E=07
0.

De

1059E'08
“o6b£‘05
l.th-OS
4.,88E=06
5.98E=05
Ge.lut-08
2055&‘08
lel1/7E=~10
4.BUE=06
1e25E=11
30295'12
%:30E-08
5.34E-10
BeS50E=]1
2el9E=06
2¢33E=08
6e29E=00
lel7E=06
3.766‘12
5.59E=07
8,37E-05
9.82E‘06
3.,84E=07
3.““E-08
BeS50E=09
80595‘05
1.70E=08
2e38E=04
70“05‘0“
l1e01E=00
1.93€-06
2e2)E=05
3.37E=04
5+23E=09
1e35E=07
10065'09
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APPENDIX A

EQUATIONS USED TO CALCULATE AGE SPECIFIC RADIATION
DOSE_COMMITMENT FACTOR

The system used to calculate dose commitmeﬁt factors for this report
conforms to the following general format:

Paips = Kip; E Paipj (A-1)
a

where:

= the dose commitment factor: a number specific to a given
individual's age group a, nuclide 1, pathway p, and organ j,
which can be used to calculate radiation dose commitment from
usage rate and a given concentration of a radionuclide.

Kipj = a constant, which is independent of age, determined by the

nuclide i, pathway p, and organ j,

= that portion of the dose commitment factor which is dependrnt

on age group a, nuclide i, pathway p and organ j.

Daipj

Paipi

This general format holds for all body organs except the gastrointestinal
tract (GI tract) and for all radionuclides except the noble gases. The values
of Kipj and Paipj were determined by the equations listed below. These equa-
tions have been separated into compartments according to age group and pathway
to make them easier to follow. Equations for the special cases of the GI

tract and the noble gases have been placed toward the end of *%e list.

CONSTANTS

For ingestion pathway including dose factors for total body, thyroid,
bone, lTung, liver and kidney

' -] 2 (A-z)
Kiyj = 187 * f /(T] * 2

A-1



-

!w”}m’”mn‘_.m

where:

-
"

fraction of ingested nuclide reaching the organ of interest
T] = time of intake (365 days)

Ae = effective decay constant (1/day) for the organ of interest
< dpm 5 . -8 g-rad 3 mrem
18.7 = (2.22 pCi)(5.26 x 10° min/y)(1.602 x 10 MeV )(10 rem)

For Inhalation Pathway

For soluble nuclides including dose factors for total-body, thyroid,
bone, lung, liver and kidney; and for insoluble nuclides for dose factors
for lung.

° 2 (A"3)
Kigj = 18.7 = fa//(T] *3,)

where:
fa = fraction of inhaled nuclide reaching the organ of interest

For insoiuble nuclideS»including dose factors for total-body, thyroid,
bone, liver and kidney.

0.0064 * x; * é-
Kizj = R (A-4)
* -
T] (Ae Ae)

where: ,
f2 = fraction from blood to organ of interest
At = biological decay constant for the lung
A: = effective decay constant for lung
0.0064 = (2.22 §g$)(1.44 x 10% min/d)(1.602 x 10~8 gorad
(10° Trem) (1/8) (fraction retained in lung)

A-2



EQUATIONS FOR INGESTION PATHWAY AND FOR INHALATION OF SOLUBLE NUCLIDES
INCLUDING DOSE FACTORS FOR TOTAL BODY, THYROID, BONE, LUNG, LIVER AND
KIDNEY

Infant Portion

If intake occurs when individual is an infant,

p (c/m), * [T, * a; -1+ EXP (T, x;)] (A-5)

lipj

where:
(e/m)I = the ratio of effective absorbed energy (MeV) to mass of the
organ (g) of interest for an infant

TI ~ time during which individual is an infant (365 days)
If intake occurs when individual is past infancy,

P 0

lipj -

Child Portion

If intake occurs when individual is an infant,

'Zipj = (e/m)c * [l - EXP(-TI * A;) - EXP((TCH’I-T]) * A:) + EXP(—(TC+TI)*A: )] (A-6)

where:

(e/m)c the ratio of effective absorbed energy to mass of the organ

of interest for a child

Tc time during which individual is a child (3650 days, 10 years)

If intake occurs when individual is a child,

PZipj = (e/m)c * [T-'Ae - EXP(—(TC-T])*Ae).p EXP(-TC*A;)] (A-7)

A-3



In intake occurs when individual is past childhood,

P 0

2ipJ

Teen Portion

If intake occurs when individual is an infant or a child,

+ EXP (—(TT+TC+TI )*A:)] (A-8)

where:

(e/m)T ratio of effective absorbed energy to mass of the organ of

interest for a teen

= time during which individual is a teen (2190 days, 6 years)

-
P
|

If intake occurs when individual is a teen,

Paipg = (e/m)p* [T]*Ae - EXP(—(!’T-T])*A:)+ EXP(-TT*A;)] (A-9)

If intake occurs when individual is an adult,

P3ip

Adult Portion

If intake occurs when individual is an infant, achild or a teen,

= ° °
Paipy = (e/m)y * [EXP ('(TT+TC+TI°T1 )*"e)' EXP ('(TT+TC+TI)*AE)
- EXP(-(TA-T])*AQ) + EXP(-Ty"22) (A-10)

A-4



where:

(e/m)A = ratio of effective absorbed energy to mass of the organ of

interest for an adult

TA = total time over which dose commitment is calculated
(18,250 days, 50 years) Argument for last
exponent should be:
If intake occurs when individual is an adult, -T(a)*Lambda(e)

/

p41‘pj = ("/'")A* [T]*Ae - XP ('(TA'TI)*"e) +EXP(TA*Ae)J

(A-11)

EQUATIONS FOR INHALATION PATHWAY FOR INSOLUBLE NUCLIDES INCLUDING DOSE FACTORS

FOR TOTAL-BODY, THYROID, BONE, LIVER AND KIDNEY(a)

Infant Portion

If intake occurs when individual is an infant,

= L
Ph’pj = (e/m)I* }[l']*xe -1+ EXP(-T]*At)]/(At)Z

[ [ o 2
- [ Mg - 14 EXP(-T]*Ae)]/(Ae) t

If intake occurs when individual is past infancy,

P]ipj =0

Child Portion

If intake occurs when individual is an infant,

(a) Use Equation (A-2) to calculate dose factors for lung dose due to
inhalation of insoluble material.

A-5

(A-12)




-

= L L
P21'pj = (s:/m)c * “:]-EXP(-TI*XE) - EXP (—(TC+TI-I]) * Ae)

2 ° °

N/ o2
+ EXP -(TC+TI)*Ae} /(Ae)

If intake occurs when individual is a child,
Paips = (e/mle* T imal < exp (-1, %k )+ Exp (o1 L) (AL)Z
2ipj C 1 %e C 1" 7% C e e
*O o [+ [+] 2
- - (TA=-T.)* -
T] Ao EXP (Tc T]) Ao | + EXP ( Tc*Ae) (Ae)
If intake occurs when individual is past childhood,

PZipj =0

Teen Portion

If intake occurs when individual is an infant or a child,
= L L
Pyjp = (c/mp * MEXP (-(TC+TI-T])*AE)-EXP (-(TC+TI)*AE)
- EXP (-(T#T T T )l ) + Exp (Tt a1 pmb H /il ?
T T-T) " T 1/ ()
] lsxp (-(TC+TI-TI)*AE) . EXP(-4TC+TI)*Ae)

-] (-] (-] 2
- EXP (-(TT+TC+TI-T] )*Ae) + EXP ('(TT+TC+TI )*AE)J (Ae) {
A-6

(A-13

(A-1¢

(A-15)



If intake occurs when individual is a teen,
Pass = (e/m)r *1 T 1A = EXP(-(T,-T )*x';)+ EXP(-T *ak) (AL)Z
3ipj T 1*% T T "e e

- [T]*A; - EXP(-(TT-T])*A: + EXP(-TT*A:))] /(x:)"’!

If intake occurs when individual is an adult,

P3ipj 0

Adult Portion

If intake occurs when individual is an infant, a child or a teen,

(E/m)A *

L L
L Lyl /L2
- EXP (-(TA-T])*AE) +EXP (-Tymag ) [ (xg)

o ° o 2
- EXP (—(TA-T.I )*Ae)+EXP(-TA*Ae) (Ae)

If intake occurs when individual is an adult,

1ok EXP (~(T,-T )*x'-)+ e (-1l | /L)
1% AT e A e ‘e)

i -] -] o ° 2
- T]*Ae - EXP (—(TA-T])*)\e>+ EXP (-TA*A.)]/(AE) '

(C/m)A *

A-7

R e

(A-16)

(A-17)

(A-18)



Equations (A-! through A-18) were used in the appropriate manner to
calculate dose commitment factors for al] organs except for GI tract and
for all nuclides except the noble gases. The format as shown in Equa-
tion (A-1) of this appendix was used to make the calculations. For each
radionuclide, first select the pathway and organ to be considered, then
select the equation which applies for intake during the particular age
group of interest. Add co this the equation(s) for all successive age
groups and evaluate. Then, multiply by the constant which applies for
that pathway, organ and nuclide.

For example, if an intake of radioactive material were to occur during
the childhood of an individual and we were interested in the dose conmitment

factor to the total body due to inhalation of an insoluble radionuclide,
the following procedure would be used.

1. Inhalation of insoluble material during childhood
Equation (A-14) for PZipj
(and P]ipj = 0 since no intake occurred during infancy)

2. Add to Equation (A-14), Equations (A-15) and (A-17) to account for
fifty years of dose commitment.

3. Then multiply this sum by the constant evaluated using Equation (A-4).

4. Using Equation numbers the form would be:

Daipj = (A-4) x [(A-14) + (A-lS) + (A-17)

For the GI-tract and inhalation of noble gases, the equations listed

below must be used to calculate the dose commitment factors.

SPECIAL CASE FOR THE LUNG

Dose factors for lung due to inhalation of noble gases

Daipj = @ * ¢

A-8

(A-19)



where:
€,4 = energy per disintegration absorted in lung (MeV) for age
group a and nuclide i
Gai = constant determined by age-specific biological parameters

listed in Table B-4

SPECIAL CASE FOR GI-TRACT

Ingestion Pathway

' )
Dyypy = 0-0256 *7, * £ o (e/m), * EXP(-rp * t ) (A-20)

T = travel time (days) in LLI for age group a

(e/m)a = ratio of effective absorbed energy to mass of the contents
of the LLI for age group a

Ag = radiological decay constant (1/day)
t. = travel time to LLI for age group a (in days)

fx = l-f] = fraction of radionuclide remaining at entrance to LLI

Inhalation Pathway

' * [
Daipj = 0.0256 * Ta * f * fa * (e/m)a * EXP (-AR * ta) (A-21)

In the instances where daughter products may contribute significantly
to the effective absorbed energy per disintegration of the parent at the
entrance to the lower intestine, the equations listed below should be
applied.

A-9



EFFECTIVE ENERGIES IN THE GI-TRACT FOR DAUGHTER PRODUCTS OF RADIONUCLIDES
WITH SHORT HALF-LIVES

Number of Atoms of Parent Redionuclide

(] Ng = number of atoms of parent at time of ingestion

° N? = number of atoms entering small intestines (s1)

® Ng = number of atoms entering upper-large intestines (ULI)
° Ng = number of atoms entering lower-large intestines (LLY)

- Number of Atoms of Daughter Products

° Ng = number of atoms of daughter at time of ingestion = 0
(] N? = number of atoms entering small intestines
D

] N2 number of atoms entering upper-large intestines

° Ng numbe- of atoms entering lower-large intestines

Time Factors

o t' = total travel time (days) from mouth to entrance of LLI = ts + tsi + tu
® t. = travel time through stomach (days)

° ts_i = travel time through small intestine (days)

() tu = travel time through upper large 1ntestfne (days)

Fraction Remaining

0 fg =] - f? = fraction of parent remaining at entrance to ULI (w/o decay
correction)
» fE =1 - f? = fraction of daughter remaining at entrance to ULI (w/o decay

correction)

Decay Lonstants

o X - radiological decay constant

° x: = In (fg)/t51 = Removal constant for absorption of parent in small
intestine

o 20 = (fg)/tsi = Removal constant for absorption of daughter in

A small intestine
A-10



Relations of N's

(a) Parent
N = WD % EXR(aaf * t) (A-22)
Np = N+ fh e [-x; * (t + tsi)] (A-23)
NG = NP % fh x Exp(aal + ) (A-24)

(b) Daughter

D
Ny

D
Ny

*

+

D
N3

= ["; * Nz/(Ag - x;)] * [Exp(-x; *t ) - EXP (-xg * fs)] (A-25)

[P P P D_,P,.D_.P
-{AR*NO*EXP (-AR*ts)/(AR AR+AA AA)

P P D D
D D D
Ny * fo * EXP (-ap * t ) (A-26)

< {aml o e [ s 1] 02 s

P D
[EXP(-AR*tu) - EXP(-AR*tu)

D D .
+ NJ * EXP (-ap * tu)]} (A-27)

A-1



Ratio of Activities at Entrance to LL]

R = (xg*ug) / ( xz*Ng) (A-28)

Effective Energy at Entrance to LLI

(MeV per Disintegration of Parent)

_ P D
elLr < e ('* * cn.u) (A-29)

A-12



I e e e e

Ay o e cmen b s o e e e L . e . M B S s v S A IS Sy Sl P

APPENDIX B

DATA USED_TO CALCULATE AGE SPECIFIC RADIATION
DOSE_COMMITMENT FACTORS

This appendix contains the parameters which were used in the equations
listed in Appendix A to calculate the dose commitment factors in this report.
The biological, chemical and radiological parameters needed to calculate the
dose commitment factors are listed in the following tables.

The masses and radii for the total body and six internal organs for all
age groups are listed in Table B-1. The parameters for the adult are taken
from the description of Standard Man in ICRP Publication 2.(]) Organ masses
for the other age groups were taken from Spector,(z) Cook and Snyder,(3)
Altman and Dittmer,(4) Spiers(s) and Cowser et al.(s) The radius of the
organs were assumed to be proportional to the cube root of the mass.

Table B-2 lists the travel time to and through the lower large intestine
(LLI) of the gastrointestional tract. The travel times for the adult were
taken from ICRP Publication 2 and those for the other age groups were assumed
to be proportional to total-body mass.

The biological parameters used to calculate the dose commitment factors
for the lTung due to inhalation of noble gases are listed in Table B-4.

Table B-5 1ists chemical, radiological and biological parameters used to
calculate the dose commitment factors. In most cases, the metabolic parame-
ters were taken from ICRP Publications 2 and 6,¢'*7) but for radioiodine the
fractions reachin? the thyroid (and total body) calculated from data in ICRP
Publication 10.(8 The 187 radionuclides are listed beside the left-hand
margin along with the solubility class for inhalation and the radiological
half-life (T-RADIOL). The biological half-life (T-BIOL), effective half-
life (T-EFF), fraction reaching organ of reference (F-ii, F-A or F-2PRM) and
fraction not absorbed before reaching the LLI (F-*) are all assumed to remain
constant over all age groups for each radionuclide except tritium, radioiodine
and radiocesium. For the latter isotopes, information was available on the
variation of biological half-life with age (see Table R-3). The effective

energies (EPSILON) for the age groups are listed in the last four columns
of Table B-5.
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TABLE B-1. Mass and Radius of Body ?rgins
for the Four Age Groups( -

Infant(z's) Chi]d(z's) Teenaggr(z's) Adu1t(1)
Mass Radius Mass Radius Mass ‘Radius Mass Radius

Organ (g)  (emfa) _(q9) _(cm) (@ (em) _(g) _(cm)
Bone 770 2.4 1,640 3 4,900 4 7,000 5
Liver 200 5 530 7 1,200 9 1,700 10
Total Body 7700 14 16,400 20 49,000 27 70,000 30
Thyroid 2 1.4 5 2 15 2.7 20
Kidney 55 4 100 5 210 6 300
Lung 110 5 300 7 580 8 1,000 10
GI-LLI 16(E) 2.4 35(b) 3 100(b) 4 150 5

(a) Radius (x) is assumed to be proportional to cube root of the mass.

“e (G hane (25
X = | —— mass
age ((mass)]/3 adult age

(b) Mass of contents assumed to be proportional to total-body mass.

TABLE B-2. GI Tract Travel ijes for the
Four Age Groups (@

Travel Time Travel Time
to LLI (t- in LLI (r~
(dayss idays§
Infant 0.058 0.082
Child 0.12 0.18
Teenager 0.36 0.50
Adult 0.54 0.75

(a) Assumed to be proportional to mass of contents.
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TABLE B-3. Elements Having Age Dependent
Biological Half Lives

Half-lives (days)

Element Orqan Infant Child Teenager  Adult(®)

Tritium(9)  Total Body 3.2 4.5 7.0 10

Todine(9-11) Total Body 20 20 50 100
and Thyroid .

Cesium(12)  Total Body 10 20 60 115

TABLE B-4. Biological Parameters Used to Calculate Dose
Commitment Factor to Lung for the Noble Gases

Vital Capacity

of the Lung Mass(a) Ratio ve/m  Breathing Rate Age-specific ?onversion
Age Group (Yiters) (g) (2/9) (m3/y factor, Gai(d)
Infant 0.6 110 5.4 x 1073 2045 4.94 x 1078
Child 1 300 3.3 1073 2560 2.41 x 1078
Teen 3(b) 580 5.2 x 1073 4930 1.97 x 1078
Adult aic) 1000 4.0 x 10°3 7300 1.025 x 1078

{a) From Handbook of Biological Data.(z) (2)
(b) Spector lists (pag? §67) 3.7 liters male, 2.7 liters female.
(¢) ICRP PubYication 2{1) 1ists 3-4 1iters fgs 2dult male and 2.3 Tliters

for female; Handbook of Biological Datald) yiszs 4.5 liters

for males and 2.3 lisors for females, aged 18-65 years.
(d) Ga = (107 m/2) (2.22 dpvpCt) (5.26 x 10° min/y)(1.602 x 108 g-rad/Mev) (10% mrem/rem)

af
(ve/m 2/g) + (m/y)
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