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FOREWORD

This repori 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 Joses to Man from Routine
Releases of Reactor Effluents for the Purpose of Evaluating Compliance
with 10 CFR Part 50, Appendix I, as published for comment in March 1976.
The revised factors in this report are currently being used in evaluations
performed by the stalf of NRC's 0ffice of Nuclear Reactor Regulation for

the purpose of determining compliasce 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 Ccmittee I of the International Cormission
on Radiological Protection (1CRP) as updated by ICRP reports 6 and 10.
There are on-yoing efforts by the NRC staff to further refine these conver-
cion factors and to update them using the new physiological and ana‘omical
data in ICRP Report No. 23' and more realistic methods of considering the
radiation doses to other target organs from gamma photon emitting radio-
nuclides located in a cpecific source oroan. These modified dose-
conversion factors will be published as they become availatle.

: p e "t
International Cormission on padioiogical Protection, Report of the Task
Group on Reference Man, ICRP Report No. 3, Pergamon Press, Oxford,

EngTand (15757.




Comments, corrections, end suggestions for ‘mproving this compilation
would be appreciated and should be transmitted in writing to:

The Secretary of the Comission

.5, Nuclear Regulatory Cormission
Washington, D.C. 20555

Attn: Docketing and Service Section

R. B. Minogue, Director
Office of Standards Development



AGE-SPECIFIC KA  TION DOSE COMMITMENT FACTORS
FOR A ONE=YEAR CHRONIC INTAKE

INTRODUCTICN

During the licensing process for nuclear facilities, radiation doses(‘)
and dose cosmitments must be calcuilated for people in the environs of a
nuclear facility. These radiation doses are determined by erarin:ng
characteristics of population groups, pathways to people, and radionuc)ides
found in those pathways. The pertinent characteristics, whicn are 1apor=
tant in the sense of contributing a significant portion of the total dose,
must then be analyzed in depth. Dose factors are generally availadle for
adults, see Retference | for example, however numerous improvements 1n data
on decay schemes and haif-lives have been made in recent years 'n addy-
tion, it is advisable to define parameters for calculation of the radiation
dose for ages other than adults since the population surrounding ruc lear
facilities will be composed of varicus age groups. further, since infants,
children and teens may have higher rates of 1ntike per unit body mass, it
is conceivable that the maximally exposed individual may not be an adult.
Thus, 1t was necessary to develop new radiation drse commitment factors

for various ane groups. Dose cummitment factors presented in this report

have been calculated for a S0-year Lime periocd for four age Grougs.

(sjln accordance with common practice, the term "dose", when applied to
individuals, 1s used in tins repert instead of the more precise term
"dose equivalent”, as defined by the Intern tional Commission con
Radiological Units and Measurements (1CRU)



CALCULATIOMAL METHOD

Pne sy.tem for calculating radiation dose to an individual or pcnulation
qroup involves multiplying a dose factor by the concentration of the radio-
nuclide in the medium of interest {i.e., food) and by an approoriate usaqe
factnr. The total dose to the body or Lo & specific organ is obtained by
surming the contribution from all radionuclides irradiating that organ cr
the body.

A basic equation for calculating the radiation dose to people from vaerious

Oas ZRMDJ ' zcio Yap Painj Ll

”.) * the total dose cormitment tO a qiven organ ) of an individual in

pathways 15:

where

a3e group a from all nuclides and all pathways,
“aipj « the dose comitment to ornan j of an individual 1n age aroup A
from nuclice 1, via path p,

€« the concentration of nuclide i in the medium of path p,

p
Uap s the usage: the usage rate or consumption rate assocrated
with pathway p, for age aroup a, and
Da\pj + the dose factor: a number specific to a given individual's age

group &, nuclide 1, pathway p, and organ j, which can be used
to calculate r.diation fose C» mitment from :saqe rate and a
given zoncentration of . radiuraclide,

Dose factors have been previousiy calculuted for the most i1mportant
(1 Dose calcula-
tions are divided into three principal segments: 1) radiation doses from

pathway-person type-organ-nuclide comhinations of interest.

liquid effluents, 2) radiation dose from gaseous effluents, and 3) radiation
doses from contarinated surfaces or volumes (external o+ direct radiaticn).
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 coses may vary for people of differing ages, four sets

of dose factors have been calculated and presented, The age groups considered
are "infant” (0 to | year old), “child” (1 tu 11 years old), “"teen” (1) to 17
years 0ld) and “adult” (17 years and older). The “child" is represented by

a typical d-year old, the “teen" by a l4-year old and the adult by the defi-
nitfon for Standard Man as described in the Intermational Commission on
Radiological Protection (ICRP) Publication 2.2)

The dose factors in this report were calculated for a S5C-year dose Cou-
mitment resulting from a chronic l-year intake. The initial intake may occur
at any point duris . the life of an individual, but, by choosing the appro-
priate agc-specific dose factor, a radiation dose may be calculated.

DISCUSSIUN

fquations for calculating internal dose commitment factors were derived
from those given by the lcnp(z) for body turden and maximum permissible con-
centration (MPC). Effective 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. All radionuclides treated in this manner are followed by a “+D"
in the lists of dose factors and input data. CQuality factors, as listed in
ICRP Publication 2.(2' were applied to the effective eneryies, including the
value of 1.7 for beta particles and electrons with energie; equal to or less
than 30 keV. Age-cependent parameters were applied when asailable, but, where
data were lacking, metabolic parameters for the Standard Man 2) were usec for
other age groups.

Effective absorbed energies used to conpute dose factors are controllad
by the size of the organ. Thus, as an individual grows and the sizes cf his
body organ: increase, the total amount of radiation absorbad in an organ will
also increase but the amcunt of energy absorbed per unit mass will generally
decrease. 1f 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 comnitment factors listed in Tables 1 through 8, this



change of organ size and rass was considered. To reduce the complexity of

the equations, it was necessary to assume that an abrupt change in organ
size and mass would occus at the division points between age groups. This
assumption significantly simplifies tae calculations without underestimating
the dose commitment,

The rass of the contents of the gastrointestinal tract (Gl 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
(1') were also assumed to be proportional to the mass of the total body.
Radioactive deczy of the - dioruclide ingested was accounted for in calcu~
lating dose commitment factors for the Gl tract.

In certain instances, the ener3y of a daugnter nuclide maves a signifi-
cant contribution to the effective energy per disintearation of the parent
nuclice at the entrance to the lower large intestine ((L1). This occurs
when the ratio of daughter decays to parent decays is relatively large. Such
a s.tuation arises when the fnllowing 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 ralf-life to persist through
the upper large intestine, and 3) has a short enough haif-life, cumpared to
the parent, to present a relatively high disintegration rate in the lower
large intestine. In these cases, the eaergy of the radiatinn absorbed in
the lower large intestine per disintegr-.ion of the parent was caiculated
w.ing Equation (A-26) as given in Appendix A. Some radionuclides have daughter
products which will be absorbed into the blood stream before reaching the
lower large intestine. In tnese cases, the energy of the daughters was n.
included in the dose commitment factors for the Gl tract even though it was
included for other body organs.

Since specific biologicel half-lives are available as a function of age
for hydrogen, icdine and cesium, that infornation was used wher. computing the
dose commitment factors for the radionuzlides of trese elements. For other
radionuclides contained in this report, the piological half-lives for Standard
Man were used for all 2,2 groups. Dcse commitment factors calculated without
using age rpecific biolcgical half-lTives will generally overestimate the



rediation dose for age groups other than adults. This overestimate occurs

because bioiogical half-1ives for adults tend to be greater thar those fer
younger individuals. Other biolegical parameters Jhich were assumed to
remain constant for all age groups are: fraction reaching or jan of reference

by ingestion (fu) and by innhalation (f‘), fraction from Gl tract to blood
(2-4)
(f‘). and fraction from blood to organ of reference (fé).

The cjuations use 1O calculate the dose coomitment factors can be
found in Appendix A while the paraneters needed in these equations are listed
in Appendix B. The dose cormitment factors calculated using these equations
and input parameters are listed in Tables 1 throush 8. These dose cormitment
factors have units of millirem/50 years per picocurie taken in during 1 year.
cuggested dietary intake rates for the four age groups may k- found in Requ-
latory Guide 1.109.



API'L ICAT1ON

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

The dose commitment factors for adults (Tables 4 and 8) mas be applied
to an acute intake with an errcr of 5% or less. For other ag2 groups, *he
dose commitment factors due to an acute intake may differ cigniticantly
from those listed in Tatles 1 to 3 and 5 to 7. Thece differences ard largelv
fue to the time relation between the exposure periud and the orgar mass
changes as the individual matures. The acute v5. chronic exposure conditions
are especially siynificant 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 expasure is derived from the
larger organ masses (hence lcwer organ concentrations) of the older age groups.
Thus tne dose commitment associated with a uni® radionuclide ¢sposition in an
organ near the end of the infant chronic exposure period may be sianificantly
different fry: that assigned to an earlier organ ¢eposition. These consider-
ations are, of course, sensitive to the effective ralflite of material in the
organ. Thus if the factors in this report are uted *o calecylate dose comnmit-
ments due to an acute intake for infants, children or t2enagers, the results
may underestimate thre actual dose commitment.

The =>Jiation dose due to absorption throug) skin has been included in

inhalation dose commitment factors for tritium, The authors have increased

the dose factors by 50% to acccunt for the radiation dose for this pathway.(s)
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APPENDIX A

EQUATIONS USED_TO CALCULATE_AGE SPECIFIC RADIATION
DOSE_COMMITMERT FACTOR

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

... = K, . .
aipl ) E Paipi (A-1)
a

where:

D = the dose commitment factor: a number specific to & given

aip)
individual's age group a, nuclide i, pathway p, and organ j,
which can be used to calculate radiation dose cormitment from
usage rate and a given concentration of a radionuclige.

l‘pj = a constant, which is independent of age, determined by the
nuclide i, pathway p, and organ j,

paipj = that portion of the dose commitment factor which 15 dependent
on age group a, nuclide i, pathsay D and organ j.

This general fornat holds for a!l body organs except the gastrointestinal

tract (Gl tract) and for all radionuclides ercept the noble gases. The values

of K, and P

ip) aipj
tions have been separated i1nto compartments according to age group and pathway

were determined by the equatioas listed below. These equa-

to make them easier to follow. Equations for the special cases of the Gl
tract and the noble gases have been placed toward the end of the list.

CONSTANTS

For ingestion pathway including dose factors for total body, thyroid,

bonz, lung, liver and kidney

"

B % LT

2
"y (A-2)
il fw /(YI e)

A-1



where:

18.7 =

-
"

fraction of ingested nuclide 2aching the organ of interes®
!' = time of intake (365 days)

= effective decay censtant (1/day) for the crgan of interest

5

™)

dpm
(2.22 7)(5.26 x 10 =

min/y)(1.602 x 10'8 gigsd)(loa m{i

For_Inhalation Pathway

For soluble nuclides including dose factors for total-body, thyruid,
bone, lung, liver and kidney, and for insoluble nuclides for do<e factors
for lung.

2
~ 3 o IA-J)
8oy = W * Joy -9

where:

fa = fraction of inhaled nuclide reuching *he organ of interest

For inscluble nuclides including cose factors for total-bec'y, thyroid,
bone, liver and kidney.

L .
0.0064 * - * f
e il Sl (A-¢)
13) | ( N L)
| e e

where:

fé = fraction from blood to organ of interest
-; = biological decay constant for the lung
't = effective decay constant for lung
8 dpm el 5 -8 g-rad
0.0064 = (2.22 p&i)("44 x 107 min/d)(1.602 x 10 Mey )

(10° m:::)(I/S)(fraction retained in lung)



EQUATIONS_FOR_INGESTIOH_PATHWAY AND FOR INHALATION OF SOLUBLE NUCLIDES

INCLUDING DOSE FACTORS FOR_TOTAL B0OY, THYROID, 3ONE, LUNG, LIVER AND
KIDNEY

Infant Portion

17 intake occurs when individual 15 an infant,

Plipj (./m)l * [T‘ » Ay 1 + EXP (oTl . *e)] (A-5)

where:
(e /m) « the ratio cf effective absorbeu energy (Mev) to mass of Lhe

organ (g) of interest for an infant
Tl « time during which individual is an infant (365 days)

If intake occurs when individual is past infarcy,

Plipg .
Child Portion

If intake occurs when individiual is an infant,

Poipg = (/i * [1 - EXP(-T * 1) - cxp((rcorl-r‘) . -e) + Exp(.(rcorl)-.e)] (A-6)

where:

(./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,

Paipj = (/me * [’l‘e : [‘P("(Yc'rl)"e)‘ EXP(-Tc*) ] (R-7)

A-3



In intake occurs when individual is past childhood,

P2ips
Teen Portion

If intake occurs when individua) is an infant or a child,

Pyjpy * Le/my * [“p ( ”c”:"n"'e) - Exp (‘”c"l)"e)' “"(‘”1":’:"1"‘)

+ EXP (‘”r"c"x)';)] (A-8)

whore:

ratio of effective absorbed energy to mass of the organ of

"

{ /m)‘
interest for a teen

—
"

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

if intike occurs when individual is a teer,

p3‘pJ = (/m)r. [T'. ; - {XP(-(YI-Y‘)' :)’ ‘-x“('YT';)] (A-g)

If intake occurs when individual 1 an adult,

plipj e

Adult Portion

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

Pd‘p) ; ('/m)A * [[xp (-(I:orcorl-fl)-,()- Exp (-(TT.TL’TK)"p)
. n?(-(TA-T,)"p_)o txp(-TA';)] (A-10)

A-4



where:

('/m’A « ratio of effective absorted energy to mass of the organ of

interest for an adult

TA = teta) time over which dose commitment 1§ calculated
(1£,250 days, 50 years)

I1f intake accure when individual is an adult,

Paipg = /™" [’le - £ (‘“A"."‘:) EXP(T," e)]

(A-11)

EQUATIONRS FOR INHALAT 10N PATHWAY TOR 1%SOLUBLE_ NbCLID(S INCLUDING DOSE_ FACTORS

FOR TOTAL -BOOY, , THYRO!C, BONE, LIVER ANL KlﬂNEV

Infant Porticn

1f intake occurs when individual i1s an infant,

Pripg * VI8¢ H"L Sk & ]/(
- [Yl-.e -] ¢ [‘p(-y‘-. //(

1f intake occurs when individual is past infancy,

Ph‘p:
Child Portion

1f intake occurs when individual is an infant,

(a) Use Lquatlon (A-2) to calculate dose factors for lung dose cue tO
inhalation of insolubie material.

(A-12)



p z ¥ ., & L
r(‘m (c/m), ”l EXP(-T, ) - £xp (-(IcoTl-T‘) e)
' EXP A(TesT ) )]/( . ['-EXP(-TI'-;) - EXpP ('(Tc’rx’Tz" P)

° o 2
+ EXP (-(TC'Tl)'-e)]/A-e) ! (A-13)

If intake occurs when iadividual is a child,

1 2
Pipg * (im)® ,[r,'-t - EXP (‘“c‘Tl"‘:)' EXP (T * :)j/( )
> o o 2 (A-‘d)
- [Ty - EXPL-(Te-Ty)* g ) ¢ EXP (T 22 )] J 1)

If intake oczcurs when individual is past chilchood,

p2ioj
Teen Portion

If intake occurs when individual is an infant or a ch:id,

s . " L ,.L _ L "L
Pipj (/m); ’[FXP ( (0t T,=Ty) e) EXP ( (Te*T)) e)
o EXP R=(TotT 0T, ~1 ).‘L ¢ EXP [ =(T,4T.+T,)* L s L 2
(T T TyTy) g ) ¢ 66 (T Tt T ) [ 1)
- l[xp ('(Tc*Tl'Yl)"e) - E‘P(-(TC’TI)'O)
’ ® o ¢ &
- EXP L -(TptTetTyeTy) 'e>‘ itk i o gl s o) e

(A-15)




1f intake occurs when individual is a teen,

Pipy * (/%N 'ﬂrl"

. [‘1"e . “"('”r’\)"e

(s woerb] /i
M/ o
. exp(-t,--,ﬂl/(-e)z

2

'f intake occurs when individua! is an adult,

Adult Portion

I1f intake occu

= 0

re when ingividual is an infant, a child vr a teen,

(. /m) "‘;XP '.'r R S | )'-L e EXP [=(T+2T,¢7 )-\L
"‘A‘ Wt T Yy e 1 e

s
: vV o 1
- EXP (—(1'\-“) e) ExP (-T, e)]/( c)

- [EAP (~(T'

1% ) exp (‘”7"c”1"1)"e)

o o L] 2
- EXP (-UA-Y‘)'.Q)o[xP(-TA'~e)]/(-e) {

I1f intake occurs when individual is an adult,

(tn’m)A o }[1"'t o EXP

(‘“A'Tl)"t)

2
. EXP ('TA":)]//('t)

o (-] o -3 2

A-7

(A-16)

(A-17)

(A-18)



Equations (A-1 through A-13) were used in the appropriate manner to

calculate dose comuitment factors for all organs excejt for GI tract and
for all nuclides except the noble gases. The format as shown in Equa-
tion (A-!) of this appendix was used to make the calculations. For each
radionuclide, first select the pathway and organ to be considered, then
select the ecuition which applies for intake during the n «*icular age
group of interest. Add to thiz the equation(s) for all .« essive age
groups and evaluate. Then, multiply by the constant wh h applies for
that pathway, organ and nuclide.

For example, if an intake of radioactive material were to occur during
the childhood of an i.Jividual and we were interested 1n the “ose commitment
factor to the total body due to inhalation of an insoluble rauionuclide,
the following procedure would he used.

1. Inhalation of insoluble meterial during childhood
fquaticr. (A-14) for P
(an¢ P

21p)
1ipy " 0 since no intake occurrcd during infancy)

2. Add to Equation (A-14), Equations (A-15) and (A-17) to acccunt for

fifty years of dose commitrent.
3. Then multiply this sum by the constant evaluated using Equation (A-4,.

4. Using Equation nurbers the form would be:

Ddip) = (A-4) x [(A-14) + (A-15) + (A-17)

for the Gl-tract ang inhalatiun of noble gases, the equations listed
below must be used to calculate the dose commitment factors.

SPECIAL CASE rOR THE LUNG

Dose factors for iung due to inhalation of noble gases

Daipj " BT (A-19)



where:
. , = eneray per disintegration absorbed in lung (MeV) for age

G

group a and nuclide i

Gei = corstant determined by age-specific biological parameters
listed in Table B-4

SPLCIAL_LASE_FOR GI-TRACT

Ingestion Pathway

' * .
Bigs 0.0256 *t, * f * (/m), * EXP(-ip * ‘a’ (A-20)

where:
T = travel time (days) in LL] for age group a

( /”)a = ratio ot effective absorbva energy to mass of the contents
of the LLI for a e group 2

R radiological decay counstant (1/day)

t = travel tim2 to LLI for ag2 group a in days)

-
-
"

l-fl = fracticn of rocdiorsclide reraining at entrance to LLI

Innalation Pathway

D = 0.025 * t; ot eg e (um), AP (g ® z;) (A-21)

aipl

In the instances where daughter products may corcribute significantly
to the effective absorbed energy per disintearation of the paren® at the
entrance to the lower intestine, the equations listed beiow should be
applied.

A-9



EFFECTIVE ENERGIES IN THE GI-TRACT FOR DALGHTER PRODUCTS OF KADIONUCLIDES
W!TH SHORT HALF-LUIVES

Number of Atons of Parent Radionuclide

=
w9 w

B = nutber of atoms of parent at time of ingestion

=

. = number of atoms entering small intestines (s1)

= nurber of atoms entering upprr-large inte tines (uLt)

=
W TIY O~

= nuber of atoms ertering lower-large intestines (LL1)

Number of Atoms of Daughter Products

= nurber of atoms of daugrter at time of ingestion = 0

- -
= =
o0 O

-
=
womno -~

= nurber of atoms entering small intestines

= nuster of atoms entering upper-large intestines

= nurber of atoms entering lower-large intestines

Time Factors

e t' = tota) travel time (days) from mouth to entrance of LLI = Lttt
u

ot travel time through stomach (days)

3
o t,* travel time through small intestine (days)
55 " travel time through upper large intestine (days)

Fraction Remaining

. f: =] - ff = fraction of parent rem2ining at entrance to ULl (w/o decay
correction)

v f? =1 - f? = fraction of daughter remaining at entrance t3 ULI (w/o decay
correction)

Decay Lonstants

o i * radiological decay constant
P y " ’
® ), = In \fg)/tsi = Removal constant for absorption of parent in small
intestine
N AD = In (fg)/tsi = removal constant for absorption of daughter in
A small intestine

A-10



Relations of N's

(a) Parent
Ny 0 EXP(-ag * t) (A-22)
u; = Nf s £ e [-xz *4n, ¢ th] (A-23)
DA = pegad + th) (A-28)

(b) Daughter
0 _[.Pe il P
N r * l.ol(x - xR)

1
o _[,P P /, ©
Ny —{R'N 'UP( .ts)/h x 4) -,\A)

N [[XP(-A % t ) - EXp (- x E)] (A-25)

. [f .« EXP (oAt ) - 2 = Expi-ant s‘)]}
. ON e s pxp (] *t) (A-26)
Ng = { P'NP P o E/P[ )g"(tg L ‘]/U - x *
[[xp(-x Pt ) - EXP(-1pet,)
¢ WD e (-ap * tu)]} (2-27)

A-1




Ratio of Activities a* Entrance to LLI

0,,0 PP
R = (xR NJ)/ (AR'N3)

Effective Encray at Entrance to LLI
(MeV per Disintegration of Parent)

p 0
our *twr (“ ’ ‘LL!)

(A-28)

(A-29)




APPENDIX B

DATA USED T0 CALCULATE AGE SPECIFIC RADIATION
DOSE_COMMITMENT FACTORS

This appendix contains the paraneters which were used in the equations
listed in Appendix A to calculate the dose commitment factors i1 this report,
The biological, chemical and radiological parameters needed to calculate the
dose commitment factors are listed in the foilowing 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.(‘) Jrgan 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.(6) The radius of the

organs were assumed to be proportional to the cudbe root of the mass.

Table B-2 lists the travel time to and through the lower large intestine
(LL1) of the gastrointestional tract. The travel times for the adult were
taken from ICRP Publication 2 and those for the other age Qqroups were assumed
to be proportional to total-body mass.

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

Table B-5 lists 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.(1‘7) but for radiniodine the
fractions reaching the thyroid (and total body) calculated from data in ICRP
Publication lO.(B) The 187 radionuc)ides are listed beside the left-hand
margin along with the solubility class for inhalation and the radiological
half-1ife (T-RADIOL). The biological half-life (T-BI0L), effective half-
life (T-EFF), fraction reaching organ of refe: :nce (F-W, F-A or F-2PRM) and
fraction not absorhed before reaching the LL1 (F-*) are all assumed to remain
constant over all age groups for each radicnuclide except tritium, radioiodine
and radiocesium. For the latter isotopes, information was available on thre
variation of biological half-life with age (see Table B-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 ?rains
for the Four Age Groups( x

nfant 26 cni1g@®)  Teenager!Z®) agure!!)
Mass Radius Mass Radius Miss  Radius Mass  Radius

organ__ (gj_ (em)(a)  (g) (cm) () (em)  {g) _f(em)
5

Bone 70 2.4 1,660 3 4,900 4 7,000
Liver 200 5 530 7 1,200 9 1,700 10
Total Sody 7700 14 16,400 20 49,000 27 70,000 30
Thyroid 2 1.4 5 32 15 2.7 20
Kidney 55 4 100 5 210 6 300
Lung o 5 0 7 580 8 1,000 10
GI-LLI 16(b) 2.4 35(b) 3 100(b) 4 150 5

e

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

(x) X ) ( )”3
X = | — mass
”9ne ((mass) adult age

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

TABLE B-2. GI Tract Travel T‘,mes for the
Four Age Groups (3

Travel Time Travel Time

to LLI (t°) in til (=°)

-Tdays; (days)
Infant 0.05° 0.082
Child 0.12 0.18
Teenager 0.36 0.50
Adult 0.54 0.75

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

Half-lives (days)

tlement Organ Infant Cnild Teenager ldu\?’?l

Tritiun(®)  Total Body 3.2 4.5 7.0 10

todine(2-11) Total Body 20 20 50 100
and Thyroid

cesium(12)  Total Body 10 20 60 ns

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

vital Capacity

of tre Lung ﬂass(‘) Ratio vc/m  Brv¢ :7in? Rate Age-specific Conversion
kze Group (titers) {2} gy . fefy) facrer, Gay'd)
Infant 0.6 19 5.4 21370 2085 8,90 4007
hild ) 1) 3.3 107 2560 2.1 2 10°8
Teen 30 589  s.2x10] 4310 1.97 x 1278
Adult el 162 4.0 x 1073 739 1.025 x 1078

(a) Fra= handtcor o Blolcyical Sata. '™’ (2)

(b} Srector Vists [ceng 067 3.7 iiters male, 2.7 liters ferale,

(¢) 10#7 Publicaticn 2.4/ Tists 3-3 1:toes for aduit "aie ard 2.3 liters
for ferale; ~ardiock cf Biglogical Zatave) 1.1 4.2 liters
for rales an< 2.3 lis.rs for firales, aged 1E-65 ,cers.

(8) Gyg = (1072 ¥70) 12,02 @pvpli) (5.26 x 16% miniy)1.622 x 10°2 gorad/Mer) (10 reer/ren)
(vesn w15 ¢ (21y)
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S-4

vital Capacity (a)
cf the Lung Mass Ratio vc/m Breathing Rate Age-specific ?onversion
Aqe Group (liters) (g) (e/q) (m3/y faCtOf.Ggi,“‘
Infant 0.6 10 5.4 x 1073 2045 4.94 x 1072
Child | 300 3.3 x 1073 2560 2.41 x 1078
Teen 3(®) 580 5.2 x 1077 4930 1.97 x 1078
Adult alc) 1000 4.0 x 1073 7300 1.025 x 1078
{a) From Handbook of Biolog cal Deta.(z) (2)

«b) Spector lists (paq §67) 3.7 liters male,
f lists 3-8 liters f

(c) ICRP Puyblication 2

2.7 liters female.
adult male and 2.3 liters

for female; Handbook of Biological Dota(gg lists 4.5 liters
for males and 2.3 liters for females, aged 18-65 years.

(d) Gy = (1073 m3/i) (2.22 dpr-sici) (5.26 x 10° min/y)(1.602 x 10

(ve/w i/g) @ (mJ/y)

-8 g-rad/Mev) (103 mrem/rem)
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