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1.0 INTRODUCTION

The USNRC Regulatory Guide 1.109(1) referenced models
for calculating chronic exposure dose conversion fac-
tors (DF) by radionuclide, pathway, organ, and age
group are provided in NUREG-0172. (2) additional com-
puted DFs are presented in NUREG/CR-2384.(3) Since
issuance, a number of corrections and updates have been
made to the metabolic déta base used in NUREG-0172.(4)

In this report, the models are expanded to provide
acute exposure dose conversion factors and to treat the
special case of inhalation of insoluble nuclides with
identical bialogical half-lives in the lung and in the
organ of interest. Newly calculated chronic and acute
exposure DFs are provided for a number of important
radionuclides.
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2.0 DOSE CONVERSION FACTOR (DF) FORMULATIONS

All DFs are calculated to provide 50-year integrated
dose commitment estimates. 1In the case of chronic
exposures, the DF is in units of mrem/50 yr per pCi
intake in the first year. For acute exposures, the
units are mrem/50 yr per pCi intake at the beginning of
the age group period. In all cases except the
GI-Tract, the DF is computed as follows:

DF = K*P Eqn. 1

2.1 Form of "K" Function by Pathway

2.1.1 Ingestion of all nuclides and inhalation of
all soluble nuclides and for lung DF with
insoluble nuclides (see Figure 2-1):

K = 5,121E-2*F Egn. 2

where: 5.121E-2 = (2,22 dpm/pCi)* (1440
min/day)*(1.602E~-5 gm mrem/MeV)

g
it

Fraction reaching the organ

Fw for ingestion

Fa for inhalation

(Note that A*B means A times B.)

2.1.2 Inhalation of insoluble nuclides - all

organs except lung (see Figure 2-2):
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FIGURE 2-2 HODEL FOR INHALATION OF INSOLUBLE
NUCLIDES



K = 5.121E-2*F*F2p Eqn. 3

where: F
F2P

Fraction retained in lung

Fraction from blood to organ

Form of "P" Function by Age Group

Assumptions concerning the time duration of each
age group are shown pictorially in Figure 2-3,
The time integral "F(T)" is defined in Section 2.3
to follow. 1In all cases the dose commitment is
calculated over a 50-year time period (Ta =
50 years = 18,250 days). Other time period
assumptions are as follows:

Tt = Time during which individual is a teen =
6 years = 2,190 days.

Tc = Time during which individual is a child =
10 years = 3,650 days.

Ti = Time during which individual is an infant =

1 year = 365 days.

The "P" function is computed as follows:

Adult: P = (E/M)a * F(Ta) Egn. 4
Teen: P = (E/M)t * F(Tt) +

(E/M)a * [F(Ta)-F(Tt)] Eagn. 5
Child: P = (E/M)c * F(Tc) +

(E/M)t * [F(Tt+Tc)-F(Tc)] +

(E/M)a * [F(Ta)-F(Tt+Tc))

Egn. 6
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Infant: P = (E/M)i * F(Ti) +
(E/M)c * [F(Tc+Ti)-F(Ti)] +
(E/M)t * [F(Tt+Tc+Ti)—F(TC+Ti)] +
(E/M)a * (F(Ta)-F(Tt+Tc+Ti)]
' Egn. 7

where: (E/M)y = Effective absorbed energy (MeV/
dis) divided by the mass of the organ
(gms) for age group "x."

2.3 Forms of Time Integral "F(T)" by Pathway and Expo-
sure Type

2.3.1 Ingestion of all nuclides and inhalation of
all soluble nuclides and for lung with
insoluble nuclides

T1*LEO-Exp[~-LEO*(T2~T1)]+Exp[-LEO*T2]

Chronic: F(T2) =
T1*LEO**2)
Egn. 8

(Note that A**B means A to the B power. )

1-Exp [-LEO*T2]

Acute: F(T2)
LEO Egn. 9

where: TI1 Time period over which the intake occurs

= 365 days

LEO = LBO + LR = Effective decay constant for
organ (1/day)

LBO = Biological elimination rate from organ
(1/day)
(Note that LBO may vary with age group.)

LR = Radiological decay constant for radio-

nuclide (1/day)



2.3.2 Inhalation of insoluble nucligdes

LBL
Chronic: F(T2) = *
(LBL # LBO) T1*(LEO-LEL)

[T1*LEL-Exp[—LEL*(T2-T1)]+Exp[-LEL*T2]

LEL**2

T1*LEO-Exp[—LEO*(T2-T1)]+Exp[-LEO*T2]]

LEO**2
Ean. 10
_ LBL
Chronic: F(T2) = |—————— | *
(LBL=LBO) T1*LEO**3

[Tl*LEO*[1+Exp(—LEO*T2)] = [2+LEO*(T2-T1)]*

[Exp(—LEO*(TZ-T1))-Exp(—LEO*TZ)ﬂ

Egn. 11
LBL
Acute: F(T2) = | e——————— ] *
(LBL#LBO) LEO-LEL
1-Exp(-LEL*T2) 1-Exp(-LEO*T2)
- Egn. 12
LEL ' LEO
LBL
Acute: F(T2) = | c——mm—m—— | *
(LBL=LBO) LEO**2
[1—(1+LEO*T2)*Exp(—LEO*T2)] Egn. 13

where: LEL LBL + LR = Effective decay constant for

lung (1/day)
Biological elimination rate from lung

(1/day)

LBL



(Note that as the radioactive half-life approaches

zero, the forms of the chronic and acute equations
(Egqn. 8-13) approach being equivalent. Thus, the DFs
for short half-life nuclides are nearly the same for
both the chronic and acute exposure cases.,)

2.4

GI-Tract Dose Conversion Factors

The formulations used to compute the GI-Tract
(appropriate for both chronic and acute expo-
sures) DFs are taken directly from NUREG-0172 and

are as follows:

Ingestion Pathway:

DF = 5.121E-2*Fr*Fe*Tx*(E/M)*Exp(-LR*Ty) Eqn. 14
where: Fr = Fraction of radioactive emissions
originating in LLI contents which

reach the LLI wall (assumed = 0.5)

Fe = Fraction of radionuclide remaining

at entrance to LLI = 1 minus Fw for
the total body or 0.05, whichever is
larger

Tx = Travel time in LLI (days)

Ty = Travel time to LLI (days)

Inhalation Pathway

DF = 5,121E-2*Fa*Fr*Fe*Tx* (E/M)*Exp(-LR*Ty)
Egn. 15
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3.0 METABOLIC DATA

Except as discussed below, all of the metabolic data

used to calculate the dose conversion factors were
taken from NUREG-0172. Said data, with corrections,
are reproduced in Appendix A.

3.1

Tritium

The NUREG-0172 DFs for tritium were based on an
effective decay energy of 0.01 MeV/dis, which
included a quality factor of 1.7 taken from
I1CRP-2.(5). The quality factor has been changed
to 1.0(4) which is consistent with other
sources,(6) This results in a reduction in the
effective decay energy of tritium to 0.0057 Mev/
dis and a reduction of all of the tritium DFs to
57% of the values listed in a NUREG-0172. Also,
as a first approximation, tritium-bone DFs are
estimated at one-half the total body values since
none are given in NUREG-0172. Tritium-bone DFs
were omitted from NUREG-0172 partly because of
the small turnover of bound hydrogen in bone.(4)
The newer metabolic data in 1crp-23 (7) plus the
concept of calculating bone surface and marrow
doses instead of dose to the mineral bone(s’g)
will undoubtedly change the whole system of bone
dosimetry.(4) Hydrogen turnover in these tissues
is significant.

The chronic inhalation DFs for tritium contain a
factor of 1.5 to compensate for absorption
through the skin. This factor is not included in
the acute inhalation DFs since the time duration

- 11 -



of exposure is too short for the absorption path-

way to become significant.
Carbon-14

The C-14 DFs presented in NUREG-0172 were com-
puted on the basis of an effective decay energy
of 0.0538 MeV/dis. Current data indicate that
the true value is 0.0493 Mev/dis. (6,10, 11, 12, 13)
Metabolic models were used in these calcula-
tions;u' 5 14) yhereas specific activity methods
are now more commonly in use. (10, 11, 12, 13) The
specific activity methodology produces an upper-
limit dose commitment estimate to the maximum
exposed individual (10, 11) regardless of age.(lZ)

As an interim measure until the NRC publishes a
new set of C-14 DFs, the specific gravity values
provided for the ingestion pathway in Reference
(13) have been adopted for the organs considered
in Regulatory Guide 1.109, (I They are provided
in Reference (13) in units of mrem/year pCi
C-14/gm C as shown in Table 3-1. For comparison,
similar conversion factors were computed from the
Regulatory Guide 1.109 models and included in
this table. It is of particular significance to
note that in half of the cases the regulatory
guide metabolic model produces higher dose con-
version factors than does the specific activity
#odel, which is physically impossible. 1In the
case of the bone conversion factor, the explana-
tion lies in the elimination in Reference (13) of
the relative damage factor (n = 5) used in
iCRP-2.(5) For the other organs, some adjust-
ments probably should have been made in the bio-

- 12 -
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logical half-lives for the child and infant age
groups, in the preparation of NUREG-0172.(2)

Since these dose conversion factors are used in
the regulatory guide metabolic model, they have
been converted to units of mrem/pCi ingested as
shown in Table 3-2. For comparison, the old
values are included in the table along with the
new to old ratios. The new values produce the
same organ dose commitment estimates fof all age
groups as do the specific activity factors. The
new conversion factors are different for each age
group (in contrast to the specific gravity model)
to compensate for differences in the models and
pParametric values used. Since the new factors
are back calculated using various metabolic and
environmental transfer factors, they will have to
be recomputed if any of the influencing para-
meters change in the future.

Since the specific activity method was employed
to calculate C-14 DFs, the results are pathway
independent. Thus values are listed for the
ingestion pathway only. When used in the Regula-
tory Guide 1.109 metabolic model, they will
produce dose commitment estimates the same as the
specific activity model. Caution should be
employed when evaluating the acute exposure case
since the time of exposure is insufficient to
permit specific activity equilibrium to be

achieved.
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Strontium

Newer values of several metabolic parameters for
strontium nuclides have been published.(4' 14,15
The biological half-life for all Sr nuclides in
bone and total body has been changed to 4000 days.
For 5r-90, only the fractions of ingested nuclide
reaching the bone and total body have been changed
to 0.051; and the fractions from blood to bone and
total body to 0.17.

Transuranics

The metabolic model for transuranics from ICRP-
19 (16) replaces that given in ICRp-2. (3) This
leads to several important changes for neptunium,

plutonium, americium, and curium as follows:

New Value

Biological half-life in bone 100 years
Biological half-life in liver 40 years
Fraction from blood to bone and liver 0.45

Other Corrections in NUREG-0172 Metabolic Data
Input File '

Corrections in the original metabolic data file
are listed in Table 3-3,(4)
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4.0 DOSE CONVERSION FACTORS

Dose conversion factors for selected radionuclides are
presented in Tables 4-1 through 4-16. The chronic
exposure DFs are presented in Tables 4-1 through 4-8;
.and the acute exposure DFs, in Tables 4-9 through
4-16.
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APPENDIX A

METABOLIC DATA USED TO CALCULATE
DOSE CONVERSION FACTORS



Metabolic and other parameters used in all of the
radionuclide dose conversion factor calculations are
listed in Table A-1. The masses of the body organs
were taken from NUREG-0172. The masses of the GI-
Tract-LLI contents were calculated on the basis of the
NUREG-0172 assumption that said mass is proportional to
the total body mass. Travel times to and in the adult
GI-Tract-LLI were taken from ICRP~2. These travel
times were calculated for the other age groups based on
the assumption that they too are proportional to the
total body mass (or GI-Tract-LLI contents). The time
intervals are those assumed in NUREG-0172. The
assumptions regarding the biological half-life in the
lung for insoluble material, the fraction of insoluble
nuclides retained in the lung, and the fraction of
radioactive emissions originating in the LLI contents
which reach the LLI wall, have their origins in
ICRP-2,

Radionuclide dependent parameters are provided in
Table A-2,



TABLE A-1 PARAMETERS RELATED TO THE ICRP-2 STANDARD MAN
MASS OF BODY ORGANS BY AGE GROUP (GMS)
ORGAN INFANT CHILD TEEN ADULT

BONE 7.70E+02 1,.44E+03 4.90E+03 7.00E+03
LIVER 2.00E+02 S5.30E+02 1.20E+03 1.70E+03
TOT.BODY 7.70E+03 1.44E+04 4.90E+04 7.00E+04
THYROID 2.00E+00 5.00E+00 1.50E+01 2,00E+01
KIDNEY S5.50E+01 1,00E+02 2.10E+02 3.00E+02
LUNG 1.10E+02 3.00E+02 5.80E+02 1.00E+03
GI-LLI 1.65E+01 3I.S1E+01 1,05E+02 1.S0E+02
GI-TRACT TRAVEL TIMES BY AGE GROUP (DAYS)
AGE GR. T0 LLI IN LLI
INFANT 5.958E-02 8.250E-02
CHILD 1.249E-01 1.757E-01
TEEN 3.792E-01 5.250E-01
ADULT 5.417E-01 7.500E-01
TIME INTERVALS(DAYS)
DURATION OF INTAKE:  3é45.
INFANT AGE DURATION:  345.
CHILD AGE DURATION: 3450.
TEEN AGE DURATION: 2190.
ADULT AGE DURATION: 18250.

BIOLOGICAL HALFLIFE IN LUNG FOR INSOLUBLE KATERIAL = 120 DAYS,
EXCEPT FOR PU (345 DAYS) AND TH (1440 DAYS).

FRACTION OF INSOLUBLE NUCLIDES RETAINED IN LUNG = 0.125

FRACTION OF RADIOACTIVE EMISSIONS ORIGINATING IN LLI CONTENTS
WHICH REACH THE LLI WALL = 0.5
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