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INTAKE RETENTION
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FRACTIONS



Compute intakes given information about the results 
of bioassay measurements

Estimate the intake retention fraction (IRF) given 

Objectives
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( ) g
information about the circumstances surrounding 
an intake of radioactive material

Determine derived investigation levels (DIL) and 
sampling frequency given IRFs and limits



Bioassay  (Whole Body Counting or Biological Sampling)

Determining Internal Dose
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Dose

Intake



IRF = Intake Retention Fraction

The IRF represents the fraction of radioactive material 
that remains in a given organ at a specific time after 
the intake (i.e., what’s left over).

Intake Retention Fraction
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( , )

This term is also applied to excretion fractions (i.e., 
what Fraction of the Intake is Excreted in the Urine or 
Feces during a specified time interval) which are not 
technically “retention” fractions.



Intake =
Bioassay

IRF

Intake Retention Fraction
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Intake x IRF = Bioassay



NUREG 4884 
Whole Body 

Model



(see 
NUREG/4884-100)



432 min What’s the 
total body 
IRF for 125I 
at 1 day?y

(see NUREG/4884-105)



The IRF value for 
any isotope can be 
obtained by 
applying the decay 
equation to the 
corresponding 
value for the stable 
element.  

The stable elementThe stable element 
behaves the same 
way metabolically 
as other isotopes 
since the body 
doesn’t “know” the 
difference between 
127I and 125I.

(125I value)  =  (127I value)  × e-λt (see NUREG/4884-101)



What is the Total Body IRF for I-125 for 10 days post 
intake? Assume that the I-125 was inhaled and was 
Class D.

Problem
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I-131

(see 
NUREG/4884-108)



I-127

(see 
NUREG/4884-103)



P-32

0.0332 + 0.0309 = 0.0641 ?

(see 
NUREG/4884-181)



Am-241

(see 
NUREG/4884-2)



Am-241

(see 
NUREG/4884-4)



Am-241

0.000376 + 0.0000344 = 0.0004104

(see 
NUREG/4884-5)



Cs-137

(see 
NUREG/4884-70)



Co-60

(see 
NUREG/4884-42)



Co-60

(see 
NUREG/4884-44)



Co-60

(see 
NUREG/4884-45)



Co-60

(see 
NUREG/4884-46)
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(see MISC-56)



Region Compartment
Class D Class W Class Y

T F T F T F

N-P
(D=0.3)

a
b

0.01
0.01

0.5
0.5

0.01
0.4

0.1
0.9

0.01
0.4

0.01
0.99

T-B c 0.01 0.95 0.01 0.5 0.01 0.01

Lung Model Clearance Rates
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(D=0.08) d 0.2 0.05 0.2 0.5 0.2 0.99

P
(D=0.25)

e
f
g
h

0.5
n/a
n/a
0.5

0.8
n/a
n/a
0.2

50
1

50
50

0.15
0.4
0.4
0.05

500
1

500
500

0.05
0.4
0.4
0.15

L i
j

0.5
n/a

1.0
n/a

50
n/a

1.0
n/a

1,000
∞

0.9
0.1

T = time in days (e.g., 0.01 = 15 minutes)
F = fraction of the regional material in that compartment



Time 
Post 

Intake 
(days)

Fraction of 
Intake in 24 
hour Urine 

Sample (IRF)

Derived Investigation Level 
Corresponding to

5% of ALI for 58Co, Class W
(nCi)

1
2

2.56E-02
1.08E-02

1.38E03  nCi
5.84E02  nCi

Derived Investigation Level (DIL)

ALI for Class W 58Co = 1.08 x 106 nCi 5% of ALI = 5.4 x 104 nCi
Sample = Intake x IRF DIL = (% of ALI) x IRF

(2nd column IRFs on page 36)

5
7

10
20

100

2.16E-03
1.56E-03
1.15E-03
5.47E-04
7.23E-05

1.17E02  nCi
8.47E01  nCi
6.24E01  nCi
2.96E01  nCi
3.91E00  nCi



Estimating IntakesEstimating Intakes
from Multiple Samplesfrom Multiple Samples

Time Post 
Intake 
(days)

Sample 
Activity (A) 

(μCi) IRF IRF2

Estimated 
Intake (mCi)

IRF x A 
(μCi)

1

3

5.8

5.53

0.0392

0.034

0.00154

0.00116

0.15

0.16

0.2274

0.18802
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Intake (I)  = Intake (I)  = 
ΣΣ IRFIRFii AAii

ΣΣ IRFIRFii
22

9

10

30

3.73

4.24

1.21

0.0224

0.0209

0.0051

0.00050

0.00044

0.000026

0.17

0.2

0.24

0.08355

0.08862

0.00617

Sum 0.00367 0.594

Estimated Intake:    162 μCi = 0.16 mCi



73.5080
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An individual inhales class W 32P.  If a 24 hour urine 
sample collected at day 10 is found to have 1 µCi in it, 
then what is the estimated intake?

Problem
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Given the information in the previous problem, if all of 
the urine had been collected for the first 10 days, how 
much activity would you expect to find in the entire 
sample?

Problem
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For lung counting, the intake fraction for 241Am is about 
0.3 for both class W and class Y at 0.1 days.  How many 
days would you have to wait before the intake fraction 
decreased by a factor of 10 for the two classes of 
material?

Problem
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The intake retention fraction for samples taken from the 
nasal passages is always zero (less than 1 x 10-8) 
beginning at 10 days post intake.  Why?

Problem
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A routine body count detects 0.30 microcuries of 60Co in 
the body of a worker.  Investigation determines that the 
intake occurred 10 days earlier.  Estimate the total initial 
intake of this radionuclide.

Problem
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A worker is whole body counted three days after an 
intake by inhalation of 60Co.  Bioassay results indicate 
she has 20 microcuries of 60Co in the total body 
compartment.  Calculate her intake of 60Co and her 
whole body internal dose (CEDE) from this intake.

Problem
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whole body internal dose (CEDE) from this intake.



A lung count measures 0.5 µCi of 54Mn in the lungs of a 
worker 2 days after an intake.  Estimate the initial intake 
of 54Mn to the lungs.

Problem
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END OF
INTAKE RETENTION
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INTAKE RETENTION
FRACTIONS



END OF
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END OF
CHAPTER 14
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