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MIRD



Describe the MIRD system for internal dose 
assessment

Calculate an internal dose using the MIRD technique

Objectives
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g q



MIRD

Medical Internal Radiation Dose
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Committee of the
Society of Nuclear Medicine



Reference 
Man



Reference Man
(organs)
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Reference Man
(organs)
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Reference Man
(organs)
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Reference Man
(organs)
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154 lbs



The organ 
wherein the 
radionuclide 
is localized 

Source Organ

- Slide 10 -H-201 - Health Physics Technology

and assumed 
to be 

uniformly 
distributed



The organ for 
which the 

dose is to be 
calculated

Target Organ
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Organ Orientation
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Target and source organs 
exist in different 

relationships to each other



Target and 
source organ 

may be different

Two Organs
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Dose to ovaries from liver

Example



Target and source 
organ may be the 

same

One Organ
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Dose to
Liver from liver

Example



Source organ may be 
enclosed by target organ

Source Inside Target
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Dose to
bladder wall from
bladder contents

Example



Target organ may be enclosed 
by source organ

Target Inside Source
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Dose to marrow 
from bone

Example



Multiple Source Organs
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Dose to uterus from 
stomach and bladder

Example



MIRD Dose Calculation Factors

Amount of activity located in various organs of the 
body (A)

Amount of time the activity remains in each tissue -
residence time (T)
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Amount of energy emitted by the activity ())

Fraction of the energy emitted which is deposited in 
the organ for which the dose is to be calculated -
specific absorbed fraction, (M(rk rh))

Anatomical or physical conditions which may modify 
the distribution radically



MIRD Dose Equation

D(rk rh) = Ah S(rk rh)
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Target
Organ

Source
Organ



D(rk rh) = Ah S(rk rh)

Component Definition:

MIRD Dose Equation
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p

The Mean Absorbed 
Dose Expressed in 
Rads to a Target Organ 
rk from a Source Organ 
rh wherein a 
Radionuclide is 
Uniformly Distributed



D(rk rh) = Ah S(rk rh)

C t D fi iti

MIRD Dose Equation
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μCi-h = d/t * t = d
this is just total 
disintegrations

Component Definition:

The Cumulated Activity 
in μCi-h in the Source 
Organ rh



D(rk rh) = Ah S(rk rh)

Component Definition:

MIRD Dose Equation
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rad/μCi-h = rad/d
this is just the dose 
produced by each 
disintegration

p

The Mean Absorbed 
Dose per Unit 
Cumulated Activity in 
rad/(μCi-h)



D(rk rh) = Ah S(rk rh)

Component Definition:Component Definition:Component Definition:

MIRD Dose Equation
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The Mean Absorbed 
Dose per Unit 
Cumulated Activity in 
rad/(μCi-h)

The Cumulated Activity 
in μCi-h in the Source 
Organ rh

p

The Mean Absorbed 
Dose Expressed in 
Rads to a Target Organ 
rk from a Source Organ 
rh Wherein a 
Radionuclide is 
Uniformly Distributed

dose deposited =    total disintegrations * disintegration

dose deposited



D(rk rh) = Ah S(rk rh)

MIRD Dose Equation
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S(rk rh) = Σ Δi Φi (rk rh)
i

(Dose Factor)



S(rk rh) = Σ Δi Φi (rk rh)
i

Component Definition:

MIRD Dose Factor
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Component Definition:

The Mean Absorbed 
Dose per Unit 
Cumulated Activity in 
rad/(μCi-h)



S(rk rh) = Σ Δi Φi (rk rh)
i

Component Definition:

The Mean Energy 

MIRD Dose Factor
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What is a g-rad/μCi-h ?

rad = energy/gram
energy = rad * gram = g-rad
μCi-h = d
Δ is just energy emitted/disintegration

gy
Emitted per Unit 
Cumulated Activity
(g-rad)/(μCi-h)



S(rk rh) = Σ Δi Φi (rk rh)
i

Component Definition:

The Specific Absorbed 

MIRD Dose Factor
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g-1 = 1/gram = rad/energy
Φ = the fraction of the energy emitted which is absorbed per unit mass

p
Fraction of Energy in 
Target Organ rk for 
Particles i Emitted in 
Source Organ rh in g-1

energy emitted
mass

energy deposited

Φ = energy emitted - mass
energy deposited

=
energy emitted
absorbed dose

=



S(rk rh) = Σ Δi Φi (rk rh)
i

Component Definition: Component Definition: Component Definition:

MIRD Dose Factor
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Component Definition:

The Mean Absorbed 
Dose per Unit 
Cumulated Activity in 
rad/(μCi-h)

Component Definition:

The Mean Energy 
Emitted per Unit 
Cumulated Activity
(g-rad)/(μCi-h)

Component Definition:

The Specific Absorbed 
Fraction of Energy in 
Target Organ rk for 
Particles i Emitted in 
Source Organ rh in g-1

absorbed dose =     energy emitted *  

disintegration disintegration energy emitted

absorbed dose



Sample Problem

Calculate the Mean Dose to the Liver from a 10 μCi
Intravenous Injection of 99mTc Labeled Compound that 
Localizes Uniformly and Completely in the Liver.
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The Effective Half Life of this 99mTc Labeled Compound is 
6.1 hours.



Solution to Sample Problem

Calculation of  ÃLI

The Cumulated Activity, ÃLI, is the product of the Mean 
Lifetime of the Compound within the Organ and the 
Activity Residing in the Organ
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Look Familiar?
A = TmAo

ÃLI = 1.44 x 6.1 h  x  10 μCi

ÃLI = 87.9 μCi-h

Mean Lifetime Activity



MIRD Table
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Solution to Sample Problem

D(LI      LI) = ÃLI S(LI      LI)

where ÃLI = 1.44 x 6.1h x 10 μCi
ÃLI = 87.9 μCi-h
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S(rk rh) = 4.6E-05 rad/μCi-h

D(LI      LI) = 87.9 μCi-h x 4.6E-05 rad/μCi-h = 0.00404 rad

D(LI      LI) = 4.04 mrad



where:

D (t ← s) = Ã x S

Summary
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Ã = μCi-hr = initial activity x the mean life = disintegrations

rad

μCi-hr
rad

disintegration
=S = (given in MIRD tables)



The activity remaining is given by:

When t = 0, A = Ao and when t = ∞, A = 0

Th ti it hi h h l d d d (i di i t t d)

A = Ao e
0.693 t

Te
-

Activity
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The activity which has already decayed (i.e., disintegrated) 
is just the activity we started with minus that which 
remains:

When t = 0, A = 0 and when t = ∞, A = Ao

A = Ao- Ao e             = Ao (1 - e             )
0.693 t

Te
- 0.693 t

Te
-



Ã = 1.44 x Te x Ao for t = ∞

or

0 693 t

Mean Life
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where 1.44 x Te = Tm

If you want to determine the dose while the activity 
decays from Ao to some value Ãt at time t 

Ãt = 1.44 x Te x Ao (1 - e             )
0.693 t

Te
-



MIRD

Revised MIRD Tables
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Revised MIRD Tables

http://www.internaldosimetry.com/freedosestimates/adult/index.html

http://www.internaldosimetry.com/freedosestimates/pediatric/index.html



Tissue

Absorbed Dose (rad/mCi injected)

Normal 
liver

Early to intermediate 
diffuse parenchymal 

liver disease

Intermediate to 
advanced diffuse 
parenchymal liver 

disease

Dose Distribution
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liver liver disease disease

Liver
Ovaries
Red Marrow
Spleen
Testes
Total Body

39
0.1
2.7

12
0.04
1.4

24
0.3
4.5

38
0.1
1.4

19
0.5
8.9

56
0.2
1.4



Radiopharmaceutical
Package Insert
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18,000 rad
20,000 μCi x 0.9

= 5,000 rad
μCi

Radiopharmaceutical
Package Insert
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5,000 cm2 cm2

= 490 hr

5,000 rad
μCi
cm2

10.2 rad
hr

μCi
cm2



For 32P:      Tr = 14.3 d = 343 hr

490 h

5,000 rad
μCi
cm2

Radiopharmaceutical
Package Insert

From the previous slide
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No biological clearance so Tb = ∞

If Tr =  343 hr and Tb = ∞ then Te = 343 hr

Tm =  1.44 x 343 hr = 494 hr

= 490 hr
10.2 rad

hr

μCi
cm2



10.2 Rad/hr 32P administered to peritoneal cavity is an 
EXTERNAL dose problem.  This is NOT an 
ingestion nor is it an inhalation problem.

The material is inside the body but it is 
exposing the tissue as if it were a source 
on the surface (i e a skin dose problem)

Mean Life

5.1 Rad/hr

Tr = 343 hr Time (hr)

on the surface (i.e., a skin dose problem).

The mean life is used to determine the total 
dose delivered until all of the material 
transforms (decays away, disintegrates, 
whatever)2.55 Rad/hr

2Tr = 686 hr
Tm = 1.44Tr = 494 hr



Nuclear Medicine 
Accident

Phoenix AZ (89)

Therapeutic dose was 
given instead of a g
diagnostic dose



What is the whole body dose to a patient who is 
administered 30 millicuries of 99mTc?

Problem
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Does MIRD account for the exposure of an organ when 
there is no radioactive material deposited in that organ?

Problem
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Given an accumulated activity of 125I and an identical 
accumulated activity of 131I in an individual's thyroid, 
compare the dose to the testes from these two 
radionuclides.  How would you explain any differences?

Problem
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END OF
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END OF
MIRD



EMBRYO/FETAL
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DOSE



After studying the material contained in this section 
and/or presented during a session, you should be able 
to:

calculate the embryo/fetal dose for an internal 

Objectives
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deposition using the simple approach

calculate the embryo/fetal dose for an internal 
deposition using the realistic approach



The dose to the embryo/fetus can originate from two 
sources:

either a photon source outside the body of the 
pregnant woman which exposes both the woman 
and the E/F or

Source of E/F Dose
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and the E/F or

radioactive material inhaled or ingested by the 
woman

We typically assume that for an external source, 
whatever exposure the woman receives is also received 
by the E/F.  Although this may not be completely accurate 
it is conservative. 



The E/F dose from an intake of radioactive material by 
the woman can also be divided into two sources:

material located in the mother exposing the E/F 
remotely (must be photons to reach the E/F) and

E/F Dose from Maternal Intakes
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remotely (must be photons to reach the E/F) and

material which enters the bloodstream and transfers 
into the E/F across the placenta.



Appendix B - provides the fraction of INGESTED 
activity which ends up in the blood of the woman from 
the small intestine

Appendix A* - provides the dose to the uterus from 

Regulatory Guide 8.36 
“Radiation Dose to the Embryo/Fetus” 
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pp p
activity located in the blood of the woman.  

Appendix C* - provides the embryo/fetal dose derived 
from the activity in the blood of the woman as a 
function of gestation period.

* see next slide



* NOTE: some of the values in Appendix A and all the 
values in Appendix C were extracted from NUREG/CR-
5631, Rev 1.  The NUREG has since been revised (Rev 
2).  Rev 1 provided dose factors relative to the amount 
of radioactive material in the woman’s blood while Rev 2

Regulatory Guide 8.36
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of radioactive material in the woman s blood while Rev 2 
provides dose factors relative to the material in the 
woman’s blood or the intake (depending on the specific 
Table).



Ingestion - the activity in the woman's blood is just 
the intake times the f1 fraction from Reg Guide 8.36 
Appendix B.

Inhalation - the activity in the woman's blood is the 

Activity in Woman’s Blood
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y
intake times the ICRP-30 lung model deposition 
fractions (next slide) times the f1 fraction from 
Appendix B.

Injected - the activity in the woman's blood is the 
amount injected.



Inhalation

Class D: AD = I x (0.48 + 0.15 x f1)

Class W: AW = I x (0.12 + 0.51 x f1)

Class Y: AY = I x (0.05 + 0.58 x f1)
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A is the amount of the material originally inhaled (intake) 
that ends up in the blood (depends on the class of the 
material)

I is the intake

f1 is the fraction absorbed from the GI tract to the blood 
(RG8.36 Appendix B)

see page MISC-62



Class D:    AD = I x (0.48 + 0.15 x f1)

Compartments Clearing Compartments Clearing 
to Bodily Fluidsto Bodily Fluids

Fraction in CompartmentFraction in Compartment
(D x F)(D x F)

aa
cc
ee

0.3 0.3 xx 0.5 0.5 = = 0.150.15
0.08 0.08 xx 0.95 0.95 = = 0.0760.076
0.25 0.25 xx 0.8 0.8 = = 0.20.2
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hh 0.25 0.25 xx 0.2 0.2 = = 0.050.05

TotalTotal 0.4760.476

Compartments Clearing Compartments Clearing 
to GIto GI

Fraction in CompartmentFraction in Compartment
(D x F)(D x F)

bb
dd

0.3 0.3 x x 0.5 0.5 = = 0.150.15
0.08 0.08 x x 0.05 0.05 = = 0.0040.004

TotalTotal 0.1540.154



Class W:    AW = I x (0.12 + 0.51 x f1)

Compartments Clearing 
to Bodily Fluids

Fraction in Compartment
(D x F)

a
c

e&h

0.3 x 0.1 = 0.03
0.08 x 0.5 = 0.04
0.25 x 0.2 = 0.05
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Total 0.12

Compartments Clearing 
to GI

Fraction in Compartment
(D x F)

b
d

f&g

0.3 x 0.9 = 0.27
0.08 x 0.5 = 0.04
0.25 x 0.8 = 0.2

Total 0.51



Compartments Clearing 
to Bodily Fluids

Fraction in Compartment
(D x F)

a
c
e
h

0.3 x 0.01 = 0.003
0.08 x 0.01 = 0.0009
0.25 x 0.05 = 0.0125
0 25 x 0 15 x 0 9 = 0 03375

Class Y:    AY = I x (0.05 + 0.58 x f1)
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h 0.25 x 0.15 x 0.9 = 0.03375

Total 0.05

Compartments Clearing 
to GI

Fraction in Compartment
(D x F)

b
d

f&g

0.3 x 0.99 = 0.297
0.08 x 0.99 = 0.0792
0.25 x 0.8 = 0.2

Total 0.576



NUREG/CR-5631, Rev 2,  Appendices

Appendix A - tables indicating the fraction of the activity 
injected into the woman’s blood which is deposited in the 
embryo/fetus* (depends on time of gestation during 
which injection occurs)
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* Caution: read the Table headings carefully because 
some of the tables provide the fraction deposited in the 
fetal thyroid and still others provide the fraction 
deposited in the woman’s body or the woman’s liver or 
thyroid rather than the embryo/fetus after injection of the 
activity into her blood



Table A21b. Fraction of activity deposited in the embryo/fetus* and fractions 
retained at start of subsequent 30-day periods after injection of 111In into the 
maternal transfer compartment (blood)

Days of
Gestation at                        Stage of Gestation (Initial Day of Period)
Introduction 0   30   60   90   120  150  180  210  240  270

0 4 0E 11 5 9E 14 3 8E 17 2 5E 20 1 6E 23 1 0E 26 6 6E 30 4 3E 33 2 8E 36

Sample Table from Appendix A

1
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0  4.0E-11  5.9E-14 3.8E-17  2.5E-20  1.6E-23  1.0E-26  6.6E-30  4.3E-33  2.8E-36 ----------
30           2.0E-06  3.2E-09  2.1E-12  1.3E-15  8.6E-19  5.5E-22  3.6E-25  2.3E-28  1.5E-31
60                    6.4E-05  1.6E-07  1.0E-10  6.7E-14  4.3E-17  2.8E-20  1.8E-23  1.2E-26
90                             6.0E-04  4.7E-06  3.1E-09  2.0E-12  1.3E-15  8.3E-19  5.3E-22

120                                      1.6E-03  1.0E-05  6.7E-09  4.4E-12  2.8E-15  1.8E-18
150                                               3.0E-03  1.8E-05  1.2E-08  7.5E-12  4.9E-15
180                                                        5.1E-03  2.8E-05  1.8E-08  1.2E-11
210                                                                 7.9E-03  4.0E-05  2.6E-08
240                                                                          1.1E-02  4.9E-05
270                                                                                   1.2E-02

* some tables indicate fetal thyroid (A24d) or maternal body (A6a) or maternal liver (A9b) or maternal 
thyroid (A24b) instead of embryo/fetus

1
2
3
4
5
6
7
8
9

1           2           3           4             5           6            7             8             9



Appendix B - tables indicating the radiation dose rates 
and doses delivered to the embryo/fetus (or fetal thyroid) 
for 1 μCi injected into the woman’s blood (depends on 
time of gestation during which injection occurs)

NUREG/CR-5631, Rev 2,  Appendices
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Table B6. Radiation dose rates and doses to the embryo/fetus from 1 µCi
of 55Fe injected into the maternal transfer compartment (blood)

Days of                                                                                 Cumulated
Gestation at     Dose (rad) to the embryo/fetus during indicated gestational periods (days)      dose
Introduction 0-30 30-60 60-90 90-120 120-150 150-180 180-210 210-240 240-270 0-270

0  1.6E-04  1.5E-04  2.7E-12  2.7E-12 1.6E-12  7.0E-13  6.8E-13  5.2E-13  3.7E-13  3.1E-041

Sample Table from Appendix B
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30           1.8E-04  1.2E-07  1.2E-07 7.3E-08  3.1E-08  3.0E-08  2.3E-08  1.7E-08  1.8E-04
60                    3.6E-06  3.6E-06 2.2E-06  9.4E-07  9.3E-07  7.0E-07  5.0E-07  1.2E-05
90                             6.9E-05  4.4E-05  1.9E-05  1.8E-05  1.4E-05  1.0E-05  1.7E-04

120                                      1.6E-04  7.4E-05  7.2E-05  5.5E-05  3.9E-05  4.0E-04
150                                               1.6E-04  1.6E-04 1.2E-04  8.8E-05  5.3E-04
180                                                        1.9E-04  1.5E-04  1.1E-04  4.6E-04
210                                                                 1.3E-04  9.4E-05  2.2E-04
240                                                                          1.3E-04  1.3E-04

1         2           3           4             5           6            7             8             9          all 9

2
3
4
5
6
7
8
9



Appendix C - same as Appendix B except that these 
tables are for radiopharmaceuticals commonly used in 
Nuclear Medicine rather than generic radionuclides

NUREG/CR-5631, Rev 2,  Appendices
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Table C3. Radiation dose rates and doses to the embryo/fetus from 1 µCi 
of 60Co as vitamin B-12 injected into the maternal transfer compartment 
(blood)

Days of                                                                                 Cumulated
Gestation at     Dose (rad) to the embryo/fetus during indicated gestation periods (days)        dose
Introduction 0-30  30-60 60-90 90-120 120-150 150-180 180-210 210-240 240-270 0-270 

Sample Table from Appendix C
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0  1.5E-02  1.4E-02  1.0E-02  9.7E-03  9.8E-03  9.8E-03  9.2E-03  8.7E-03  8.3E-03  9.5E-02
30           1.5E-02  1.1E-02  1.0E-02  1.0E-02  1.0E-02  9.7E-03  9.2E-03  8.7E-03  8.5E-02
60                    1.2E-02  1.1E-02  1.1E-02  1.1E-02  1.0E-02  9.7E-03  9.2E-03  7.3E-02
90                             1.2E-02  1.1E-02  1.1E-02  1.1E-02  1.0E-02  9.7E-03  6.5E-02

120                                      1.2E-02  1.2E-02  1.1E-02  1.1E-02  1.0E-02  5.7E-02
150                                               1.3E-02  1.2E-02  1.1E-02  1.1E-02  4.7E-02
180                                                        1.3E-02  1.2E-02  1.1E-02  3.6E-02
210                                                                 1.3E-02  1.2E-02  2.5E-02
240                                                                          1.3E-02  1.3E-02



Appendix D

tables indicating the radiation doses delivered to the 
embryo/fetus as a result of chronic intake of 
radionuclides (Table D1 covers ingestion and Table D2 

NUREG/CR-5631, Rev 2,  Appendices
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covers inhalation)

also, tables indicating the radiation doses delivered to 
the embryo/fetus as a result of pre-existing 
radionuclides in the woman (i.e., radionuclides taken 
into her body before conception which are still there ) 
(Table D3 covers ingestion and Table D4 covers 
inhalation)



also, tables indicating simple radiation dose factors 
for chronic intakes and pre-existing radionuclides 
(Table D5 covers ingestion and Table D6 covers 
inhalation)

NUREG/CR-5631, Rev 2,  Appendices
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also, tables indicating comparisons between uterine 
doses and embryo/fetal doses from chronic intakes 
(Table D7 covers ingestion and Table D8 covers 
inhalation)



Table D1.   Cumulated radiation doses to the embryo/fetus from chronic 
maternal ingestion of common chemical or physical forms of radiologically 
important radionuclides.

Dose       Fraction        Activity
ALI    per ALI     ALI for     for 50 mrem

Nuclide Compound  f1 (µCi) (rem) 50 mrem (µCi)
H-3       Water        1E+00    8E+04    5E+00    1E-02    8E+02

Sample Table from Appendix D
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C-14     Organic      1E+00    2E+03    7E-01    7E-02    1E+02
P-32     Phosphates 8E-01    6E+02    4E+00    1E-02    8E+00
Cr-51   All          1E-01    4E+04    1E+00    5E-02    2E+03
Fe-55   All          1E-01    9E+03    2E-01    2E-01    2E+03
Fe-59   All          1E-01    8E+02    2E+00    3E-02    2E+01
Co-58  Inorganic    5E-02    2E+03    3E-01    2E-01    3E+02
Co-60  Inorganic    5E-02    5E+02    3E-01    2E-01    8E+01
Zn-65  All          5E-01    4E+02    3E+00    2E-02    7E+00
Rb-86  All          1E+00   5E+02    5E+01    1E-03    5E-01

Note: the activity values are approximate due to round-off errors
a a x bb



Appendix E - tables indicating radiation doses delivered 
to the uterus as a result of acute intake of radionuclides 
(Table E1 covers ingestion and Table E2 covers 
inhalation)

NUREG/CR-5631, Rev 2,  Appendices
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Table E2.  Radiation doses to the uterus from inhalation.

Dose Fraction           Activity
ALI per ALI ALI for          for 50 mrem

Nuclide Class (µCi) (rem) 50 mrem (µCi)
U-235 D 1E+00 9E-02 6E-01 6E-01

W 8E-01 2E-02 2E+00 2E+00

Sample Table from Appendix E
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Y 4E-02 4E-04 1E+02 5E+00
U-236 D 1E+00 9E-02 6E-01 6E-01

W 8E-01 2E-02 2E+00 2E+00
Y 4E-02 4E-04 1E+02 5E+00

U-237 D 3E+03 4E-01 1E-01 3E+02
W 2E+03 3E-01 2E-01 4E+02
Y 2E+03 3E-01 2E-01 4E+02

U-238 D 1E+00 8E-02 6E-01 6E-01
W 8E-01 2E-02 3E+00 2E+00
Y 4E-02 4E-04 1E+02 6E+00



Simple Calculation Method

Dose = Intake x NUREG/CR-5631 Table D or E Dose Factors
(D for chronic and E for acute)

Sample from Table E1:   Radiation doses to the uterus from ingestion

Dose Fraction             Activity
ALI per ALI ALI for for 50 mrem
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Dose to the uterus per μCi intake for Sr-90 would be:

ALI per ALI ALI for            for 50 mrem
Nuclide (µCi) (rem) 50 mrem (µCi)
Sr-85 3E+03 4E+00 1E-02 4E+01
Sr-85M 2E+05 3E+00 2E-02 3E+03
Sr-89 6E+02 5E-01 9E-02 6E+01
Sr-90 3E+01 2E-01 3E-01 9E+00

(2E-01 rem/ALI)/(3E+01 μCi/ALI) = 0.0066 rem/μCi = 6.6 mrem/μCi

(50 mrem)/(9 μCi) = 5.5 mrem/μCi



Sample Simple
Calculation Method

Assume intake by ingestion of 100 μCi 89Sr at beginning 
of 3rd month of pregnancy. Calculate the total dose to 
the embryo/fetus for the pregnancy.

For the Simple Calculation Method, the time that the 
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o t e S p e Ca cu at o et od, t e t e t at t e
intake occurred during the pregnancy is irrelevant.  The 
Tables in Appendices D and E do not specify any time 
during the pregnancy. 



Sample Simple
Calculation Method

From NUREG/CR-5631 Appendix E Table E1 (previous 
slide), the dose factor for 89Sr is 0.5 rem per ALI which is 
600 μCi.   To determine the dose to the uterus from
100 μCi, take a simple ratio:
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Dose = 100 μCi
600 μCi

X 0.5 rem = 0.08 rem

0.5 rem
600 μCi 100 μCi

dose= ;



Realistic Calculation Method

The “realistic” method accounts for the time period 
during the pregnancy when the intake occurs.

Determine activity in blood (using the methods 
described earlier if the material is ingested, inhaled or 
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g ,
injected)

Dose = Activity in Blood x NUREG/CR-5631 Tables B or C



Assume intake by inhalation of 100 μCi 55Fe class D at 
beginning of 3rd month of pregnancy. Calculate the total 
dose to the embryo/fetus.

Equation for determining how much of the inhaled

Sample Realistic
Calculation Method
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Equation for determining how much of the inhaled 
material gets to the blood is AD = I x (0.48 + 0.15 x f1)

AD = 100 μCi x (0.48 + 0.15 x 0.1) = 100 μCi x 0.495 = 50 μCi

(f1 for Fe obtained from Reg Guide 8.36 Appendix B)

From NUREG/CR-5631 Appendix B Table B6, the dose 
factor for 55Fe in the woman’s blood at beginning of 3rd 
month is ………….. (see next slide)



Table B6. Radiation dose rates and doses to the embryo/fetus from 1 µCi 
of 55Fe injected into the maternal transfer compartment (blood)

Days of                                                                                 Cumulated
Gestation at     Dose (rad) to the embryo/fetus during indicated gestational periods (days)      dose
Introduction 0-30 30-60 60-90 90-120 120-150 150-180 180-210 210-240 240-270 0-270

0  1.6E-04  1.5E-04  2.7E-12  2.7E-12  1.6E-12  7.0E-13  6.8E-13  5.2E-13  3.7E-13  3.1E-041

Sample Table from Appendix B
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30           1.8E-04  1.2E-07  1.2E-07  7.3E-08  3.1E-08  3.0E-08  2.3E-08  1.7E-08  1.8E-04
60                    3.6E-06  3.6E-06  2.2E-06  9.4E-07  9.3E-07  7.0E-07  5.0E-07  1.2E-05
90                             6.9E-05  4.4E-05  1.9E-05  1.8E-05  1.4E-05  1.0E-05  1.7E-04

120                                      1.6E-04  7.4E-05  7.2E-05  5.5E-05  3.9E-05  4.0E-04
150                                               1.6E-04  1.6E-04  1.2E-04  8.8E-05  5.3E-04
180                                                        1.9E-04  1.5E-04  1.1E-04  4.6E-04
210                                                                 1.3E-04  9.4E-05  2.2E-04
240                                                                          1.3E-04  1.3E-04

1         2           3           4             5           6            7             8             9          all 9

2
3
4
5
6
7
8
9



From NUREG/CR-5631 Appendix B Table B6, the dose 
factor for 55Fe in the woman’s blood at beginning of 3rd 
month is 1.2E-5 rad/μCi in the blood

Remember that the activity transferred to the blood from 

Sample Realistic
Calculation Method
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the inhalation was:

AD = 100 μCi x (0.48 + 0.15 x 0.1) = 100 μCi x 0.495 = 50 μCi

So, the total dose to the embryo/fetus is:

1.2E-5 rad/μCi x 50 μCi = 0.0006 rad = 0.6 mrad



What if we wanted to know the dose that the 
embryo/fetus received during the 7th month from the 
situation just described?

From the same table, the dose factor for the 7th month 

Sample Realistic
Calculation Method
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o t e sa e tab e, t e dose acto o t e t o t
when 55Fe is introduced into the woman’s blood at the 
beginning of the 3rd month is ………… (see next slide)



Table B6. Radiation dose rates and doses to the embryo/fetus from 1 µCi 
of 55Fe injected into the maternal transfer compartment (blood)

Days of                                                                                 Cumulated
Gestation at     Dose (rad) to the embryo/fetus during indicated gestational periods (days)      dose
Introduction 0-30 30-60 60-90 90-120 120-150 150-180 180-210 210-240 240-270 0-270

0  1.6E-04  1.5E-04  2.7E-12  2.7E-12  1.6E-12  7.0E-13  6.8E-13  5.2E-13  3.7E-13  3.1E-041

Sample Table from Appendix B
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30           1.8E-04  1.2E-07  1.2E-07  7.3E-08  3.1E-08  3.0E-08  2.3E-08  1.7E-08  1.8E-04
60                    3.6E-06  3.6E-06  2.2E-06  9.4E-07  9.3E-07  7.0E-07  5.0E-07  1.2E-05
90                             6.9E-05  4.4E-05  1.9E-05  1.8E-05  1.4E-05  1.0E-05  1.7E-04

120                                      1.6E-04  7.4E-05  7.2E-05  5.5E-05  3.9E-05  4.0E-04
150                                               1.6E-04  1.6E-04  1.2E-04  8.8E-05  5.3E-04
180                                                        1.9E-04  1.5E-04  1.1E-04  4.6E-04
210                                                                 1.3E-04  9.4E-05  2.2E-04
240                                                                          1.3E-04  1.3E-04

1         2           3           4             5           6            7             8             9          all 9

2
3
4
5
6
7
8
9



From the table, the dose factor in the 7th month for 55Fe 
introduced into the woman’s blood at the beginning of 
the 3rd month is is 9.3E-7 rad/μCi

Since the activity transferred to the blood from the

Sample Realistic
Calculation Method
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Since the activity transferred to the blood from the 
inhalation was 50 μCi

So, the dose that the embryo/fetus received only during 
the 7th month is:

9.3E-7 rad/μCi x 50 μCi = 0.0000465 rad = 0.05 mrad



Table 4.  Radiation doses (rem) from radionuclides, 
corresponding to Effective Dose or Effective Dose 
Equivalent(a).   These present radiation received during 
postnatal life from residual radioactivity at birth after 
injection of 1 µCi of radionuclides into the maternal 

Postnatal Dose
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transfer compartment at representative stages of 
pregnancy (this dose is not relevant for NRC)



Gestational
Days at
Introduction 224Ra 226Ra 237Np 238Pu 239Pu 241Am

0 2.4E-27 6.4E-05 7.8E-11 2.2E-10 2.3E-10 1.3E-10
30 2.1E-24 1.9E-04 8.4E-04 3.0E-03 3.1E-03 1.2E-03
60 1 7E 21 5 2E 04 1 8E 02 8 6E 02 9 0E 02 2 0E 02

Postnatal Dose
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60 1.7E-21 5.2E-04 1.8E-02 8.6E-02 9.0E-02 2.0E-02
90 4.1E-18 4.6E-03 1.5E-01 8.9E-01 9.3E-01 1.8E-01

120 8.6E-15 3.2E-02 8.1E-01 4.1E+00 4.4E+00 8.8E-01
150 7.3E-12 9.0E-02 2.5E+00 1.0E+01 1.1E+01 2.2E+00
180 4.7E-09 1.9E-01 7.0E+00 2.3E+01 2.4E+01 4.9E+00
210 2.4E-06 3.5E-01 1.5E+01 4.4E+01 4.7E+01 9.6E+00
240 1.2E-03 6.1E-01 2.2E+01 7.1E+01 7.5E+01 1.4E+01
270 3.6E-01 7.2E-01 2.7E+01 8.3E+01 8.7E+01 1.7E+01

Note:  only radionuclides that are expected to have relatively long residence 
time and produce large doses (alpha) are of concern postnatally



Embryo/Fetal Dose
from Noble Gas

Table 5.  Factors for radiation dose to the embryo/fetus 
resulting from a pregnant woman breathing representative 
radioactive noble gases at relevant times or period of 
gestation.  Factors are given as dose (rad) resulting from 
breathing nominal atmospheres of 1.0 µCi/ml of 85Kr, 133Xe, 
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g
or 222Rn for various lengths of time up to 1 day.  
Approximate values for exposures of longer duration are 
calculated as multiples of the 1-day doses.



Gestational
Days at Exposure Times
Exposure  5 min 10 min 15 min 30 min 1 hr  2 hr  6 hr  1 day
Krypton
0 1.3E-02 2.7E-02 4.0E-02 8.0E-02 1.6E-01 3.2E-01 9.6E-01 3.8E+00
90 6.6E-03 1.3E-02 2.0E-02 4.0E-02 7.9E-02 1.6E-01 4.7E-01 1.9E+00
180 6.6E-03 1.3E-02 2.0E-02 4.0E-02 7.9E-02 1.6E-01 4.7E-01 1.9E+00
240 6.6E-03 1.3E-02 2.0E-02 4.0E-02 7.9E-02 1.6E-01 4.7E-01 1.9E+00

Embryo/Fetal Dose
from Noble Gas
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240 6.6E 03 1.3E 02 2.0E 02 4.0E 02 7.9E 02 1.6E 01 4.7E 01 1.9E 00

Xenon
0 2.1E-02 4.4E-02 6.5E-02 1.3E-01 2.6E-01 5.2E-01 1.6E+00 6.2E+00
90 1.1E-02 2.2E-02 3.3E-02 6.7E-02 1.3E-01 2.7E-01 8.0E-01 3.2E+00
180 1.1E-02 2.1E-02 3.2E-02 6.4E-02 1.3E-01 2.6E-01 7.7E-01 3.1E+00
240 1.0E-02 2.1E-02 3.1E-02 6.3E-02 1.3E-01 2.5E-01 7.5E-01 3.0E+00

Radon
0 1.3E+00 2.7E+00 4.0E+00 8.0E+00 1.6E+01 3.2E+01 9.6E+01 3.8E+02
90 1.3E+00 2.7E+00 4.0E+00 8.0E+00 1.6E+01 3.2E+01 9.6E+01 3.8E+02
180 1.3E+00 2.7E+00 4.0E+00 8.0E+00 1.6E+01 3.2E+01 9.6E+01 3.8E+02
240 1.3E+00 2.7E+00 4.0E+00 8.0E+00 1.6E+01 3.2E+01 9.6E+01 3.8E+02



A DPW ingests some 90Sr.  Bioassay indicates that the 
intake was 0.2 mCi and it occurred during the first month of 
pregnancy. 

a. What is the estimated dose to the E/F?  Use both the 
simplified and realistic methods. Explain any

Problem
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simplified and realistic methods.  Explain any 
differences in the results using the two methods?

b. What would be the E/F dose if the intake had 
occurred in the ninth month of the pregnancy?  Use 
both the simplified and realistic methods.  Explain 
any differences between the doses from the intake in 
the first month and the doses from the intake in the 
ninth month.



If a woman elects not to declare her pregnancy, what 
would be the dose limit on the dose to her 
embryo/fetus?

Problem
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END OF
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EMBRYO/FETAL
DOSE



END OF
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CHAPTER 16
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