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Fig. 2. Biokinetic model for iodine metabolism (ICRP-78).
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Table 1. Comparison of Thyroid IRF Values of 131I for Inhalation (Special Monitoring).

Fig. 1. Biokinetic model for iodine metabolism (ICRP-54).
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Fig. 3. Systematic diagram for intake estimation and CED calculation.
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Specifications

Inhalation, Ingestion, Skin and Wound

ICRP-78: 5 µm

ICRP-54: 1 µm

Single(Acute), Chronic

(Intake - WBC) time

ICRP-78(F type): 7.4 10-2

ICRP-54(D type): 1.1 10-1

ICRP-78: 13,270 Bq

ICRP-54: 8,927 Bq

ICRP-78: 8.8 10-9 Sv/Bq

ICRP-54: 1.1 10-8 Sv/Bq

ICRP-78: 0.146 mSv

ICRP-54: 0.079 mSv

ICRP-78: F, M, S

ICRP-54: D, W, Y

CalculationsClassification

Intake route

Chemical Form

Intake Mode

Time after Intake(Days)

Intake Retention Fractions (IRF)

Intake(Bq)

Dose Conversion Factor (Sv/Bq)

Committed Effective Dose (mSv)

Activity Median Aerodynamic

Diameter (AMAD: µm)

Inhalation

F, D (Report)

Single(Acute)

7 Days

1.1 10-1

8,927 Bq

1.1 10-8 Sv/Bq

0.079 mSv

1 µm

Table 2. Summary of Intake Estimation and Committed Effective Dose Calculation for 7 Days after Intake of 131I.

1 7,092 1.47 5.25 104 2,149 12.62 4.47 104 0.26 0.55 0.64 0.29 0.47 0.52

2 10,420 0.50 9.29 104 2,670 10.39 4.51 104 0.22 0.97 1.17 0.28 0.47 0.49

3 2,667 0.22 4.00 104 2,515 12.22 5.04 104 0.04 0.42 0.56 0.28 0.53 0.55

4 12,330 0.39 1.25 105 4,563 12.46 9.36 104 0.24 1.31 1.65 0.62 0.98 1.09

5 8,244 1.21 6.06 104 2,458 12.27 4.95 104 0.28 0.63 0.74 0.31 0.52 0.54

6 4,819 0.23 6.98 104 2,177 11.43 4.05 104 0.08 0.73 0.87 0.25 0.42 0.44

7 5,775 1.2 4.25 104 2,408 12.30 4.87 104 0.24 0.45 1.04 0.30 0.51 0.53

8 13,170 0.57 1.11 105 2,490 11.86 4.83 104 0.30 1.16 1.38 0.31 0.51 0.55

9 5,556 0.31 6.45 104 5,786 12.60 1.20 105 0.10 0.68 0.81 0.74 1.26 1.27

10 1,548 0.41 1.52 104 984 9.38 1.51 104 0.03 0.16 0.19 0.11 0.16 0.17

Whole Body Counting & Intake Estimations Intake estimations & CED Calculations

Initial

Count

(Bq)

Time after

Intake

(Days)

Intake

Estimates

(LUDEP)

Re-

count

(Bq)

Time after

Intake

(Days)

Intake

Estimates

(LUDEP)

CED (Initial Count)

CINDY LUDEP KIDAC CINDY LUDEP KIDAC

CED (Recount)No.

Table 3. Intake Estimation and CED Calculation by Inhalation of 131I.
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0.1 2.4 1.48 10-1 2.13 10-8 2.05 10-2 1.08 10-2 4.51 10-4 8.37 10-4 9.58 10-5 1.81 10-1

0.2 4.8 1.33 10-1 6.46 10-13 3.98 10-2 9.74 10-4 4.06 10-5 7.83 10-4 2.27 10-4 1.75 10-1

0.3 7.2 1.19 10-1 2.30 10-17 5.43 10-2 8.76 10-5 3.65 10-6 6.57 10-4 3.26 10-4 1.75 10-1

0.4 9.6 1.07 10-1 8.90 10-22 6.50 10-2 7.88 10-6 3.28 10-7 5.45 10-4 3.95 10-4 1.73 10-1

0.5 12.0 9.60 10-2 3.60 10-26 7.28 10-2 7.08 10-7 2.95 10-8 4.51 10-4 4.39 10-4 1.70 10-1

0.6 14.4 8.61 10-2 0.00 7.84 10-2 6.37 10-8 2.65 10-9 3.74 10-4 4.64 10-4 1.65 10-1

0.7 16.8 7.72 10-2 0.00 8.24 10-2 5.73 10-9 2.39 10-10 3.10 10-4 4.74 10-4 1.60 10-1

0.8 19.2 6.93 10-2 0.00 8.52 10-2 5.15 10-10 2.15 10-11 2.57 10-4 4.73 10-4 1.55 10-1

0.9 21.6 6.22 10-2 0.00 8.71 10-2 4.64 10-11 1.93 10-12 2.13 10-4 4.65 10-4 1.50 10-1

1 24.0 5.58 10-2 0.00 8.83 10-2 4.17 10-12 1.74 10-13 1.77 10-4 4.50 10-4 1.45 10-1

2 48.0 1.88 10-2 0.00 8.57 10-2 1.44 10-22 6.02 10-24 3.18 10-5 2.29 10-4 1.05 10-1

3 72.0 6.35 10-3 0.00 7.83 10-2 0.00 0.00 1.26 10-5 9.64 10-5 8.47 10-2

4 96.0 2.14 10-3 0.00 7.12 10-2 0.00 0.00 1.19 10-5 4.54 10-5 7.34 10-2

5 120.0 7.23 10-4 0.00 6.48 10-2 0.00 0.00 1.34 10-5 2.93 10-5 6.56 10-2

6 144.0 2.44 10-4 0.00 5.90 10-2 0.00 0.00 1.47 10-5 2.55 10-5 5.93 10-2

7 168.0 8.24 10-5 0.00 5.37 10-2 0.00 0.00 1.57 10-5 2.54 10-5 5.38 10-2

8 192.0 2.78 10-5 0.00 4.88 10-2 0.00 0.00 1.62 10-5 2.62 10-5 4.89 10-2

9 216.0 9.38 10-6 0.00 4.45 10-2 0.00 0.00 1.65 10-5 2.68 10-5 4.45 10-2

10 240.0 3.17 10-6 0.00 4.05 10-2 0.00 0.00 1.65 10-5 2.72 10-5 4.05 10-2

Fraction (Bq per Bq intake)

Days Hours ET1 ET2 Thyroid Stomach
Small

Intestine
Upper Large

Intestine
Lower Large

Intestine
Whole
Body

Table 4. The Whole Body IRF : 131I Inhalation Type F and 1 µm.

0.1 2.4 3.04 10-1 3.47 10-8 2.74 10-2 2.05 10-2 8.52 10-4 1.58 10-3 1.81 10-4 3.54 10-1

0.2 4.8 2.72 10-1 9.46 10-13 5.42 10-2 1.84 10-3 7.67 10-5 1.48 10-3 4.29 10-4 3.30 10-1

0.3 7.2 2.44 10-1 3.20 10-17 7.45 10-2 1.65 10-4 6.89 10-6 1.24 10-3 6.17 10-4 3.21 10-1

0.4 9.6 2.19 10-1 1.23 10-21 8.95 10-2 1.49 10-5 6.20 10-7 1.03 10-3 7.46 10-4 3.11 10-1

0.5 12.0 1.97 10-1 5.05 10-26 1.00 10-1 1.34 10-6 5.58 10-8 8.53 10-4 8.29 10-4 2.99 10-1

0.6 14.4 1.76 10-1 2.14 10-30 1.08 10-1 1.20 10-7 5.02 10-9 7.06 10-4 8.76 10-4 2.86 10-1

0.7 16.8 1.58 10-1 0.00 1.14 10-1 1.08 10-8 4.51 10-10 5.85 10-4 8.95 10-4 2.74 10-1

0.8 19.2 1.42 10-1 0.00 1.18 10-1 9.74 10-10 4.06 10-11 4.85 10-4 8.94 10-4 2.61 10-1

0.9 21.6 1.27 10-1 0.00 1.21 10-1 8.76 10-11 3.65 10-12 4.02 10-4 8.77 10-4 2.49 10-1

1 24.0 1.14 10-1 0.00 1.22 10-1 7.88 10-12 3.28 10-13 3.34 10-4 8.50 10-4 2.38 10-1

2 48.0 3.86 10-2 0.00 1.19 10-1 2.73 10-22 1.14 10-23 5.74 10-5 4.31 10-4 1.58 10-1

3 72.0 1.30 10-2 0.00 1.08 10-1 0.00 0.00 1.95 10-5 1.77 10-4 1.22 10-1

4 96.0 4.39 10-3 0.00 9.87 10-2 0.00 0.00 1.68 10-5 7.86 10-5 1.03 10-1

5 120.0 1.48 10-3 0.00 8.98 10-2 0.00 0.00 1.86 10-5 4.60 10-5 9.14 10-2

6 144.0 5.00 10-4 0.00 8.17 10-2 0.00 0.00 2.04 10-5 3.72 10-5 8.23 10-2

7 168.0 1.69 10-4 0.00 7.44 10-2 0.00 0.00 2.17 10-5 3.58 10-5 7.46 10-2

8 192.0 5.70 10-5 0.00 6.77 10-2 0.00 0.00 2.25 10-5 3.65 10-5 6.78 10-2

9 216.0 1.92 10-5 0.00 6.16 10-2 0.00 0.00 2.28 10-5 3.73 10-5 6.17 10-2

10 240.0 6.49 10-6 0.00 5.61 10-2 0.00 0.00 2.28 10-5 3.77 10-5 5.62 10-2

Fraction (Bq per Bq intake)

Days Hours ET1 ET2 Thyroid Stomach
Small

Intestine
Upper Large

Intestine
Lower Large

Intestine
Whole
Body

Table 5. The Whole Body IRF : 131I Inhalation Type F and 5 µm.
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0.1 2.4 8.97 10-2 4.67 10-7 5.46 10-2 2.19 10-2 9.12 10-4 1.67 10-3 1.90 10-4 1.69 10-1

0.2 4.8 8.05 10-2 8.07 10-12 1.04 10-1 1.97 10-3 8.21 10-5 1.56 10-3 4.52 10-4 1.89 10-1

0.3 7.2 7.22 10-2 1.49 10-16 1.42 10-1 1.77 10-4 7.38 10-6 1.31 10-3 6.50 10-4 2.16 10-1

0.4 9.6 6.48 10-2 3.18 10-21 1.69 10-1 1.59 10-5 6.64 10-7 1.09 10-3 7.87 10-4 2.36 10-1

0.5 12.0 5.81 10-2 8.47 10-26 1.90 10-1 1.43 10-6 5.97 10-8 9.01 10-4 8.75 10-4 2.49 10-1

0.6 14.4 5.21 10-2 2.84 10-30 2.04 10-1 1.29 10-7 5.37 10-9 7.47 10-4 9.25 10-4 2.58 10-1

0.7 16.8 4.68 10-2 1.12 10-34 2.14 10-1 1.16 10-8 4.83 10-10 6.19 10-4 9.45 10-4 2.63 10-1

0.8 19.2 4.19 10-2 4.76 10-39 2.22 10-1 1.04 10-9 4.34 10-11 5.14 10-4 9.44 10-4 2.65 10-1

0.9 21.6 3.76 10-2 2.09 10-43 2.26 10-1 9.38 10-11 3.91 10-12 4.27 10-4 9.27 10-4 2.65 10-1

1 24.0 3.37 10-2 9.36 10-48 2.29 10-1 8.43 10-12 3.51 10-13 3.55 10-4 8.98 10-4 2.64 10-1

2 48.0 1.14 10-2 8.41 10-51 2.23 10-1 2.92 10-22 1.22 10-23 6.65 10-5 4.60 10-4 2.35 10-1

3 72.0 3.84 10-3 7.70 10-51 2.03 10-1 1.01 10-32 4.21 10-34 3.03 10-5 1.98 10-4 2.07 10-1

4 96.0 1.30 10-3 7.06 10-51 1.85 10-1 3.50 10-43 1.46 10-44 3.05 10-5 9.94 10-5 1.86 10-1

5 120.0 4.38 10-4 6.47 10-51 1.68 10-1 3.15 10-53 1.28 10-54 3.47 10-5 6.97 10-5 1.69 10-1

6 144.0 1.48 10-4 5.93 10-51 1.53 10-1 1.72 10-53 6.89 10-55 3.83 10-5 6.41 10-5 1.53 10-1

7 168.0 4.99 10-5 5.43 10-51 1.39 10-1 1.54 10-53 6.15 10-55 4.07 10-5 6.53 10-5 1.40 10-1

8 192.0 1.68 10-5 4.98 10-51 1.27 10-1 1.37 10-53 5.49 10-55 4.22 10-5 6.78 10-5 1.27 10-1

9 216.0 5.68 10-6 4.56 10-51 1.15 10-1 1.23 10-53 4.91 10-55 4.28 10-5 6.96 10-5 1.16 10-1

10 240.0 1.92 10-6 4.18 10-51 1.05 10-1 1.10 10-53 4.38 10-55 4.28 10-5 7.05 10-5 1.05 10-1

Fraction (Bq/Bq intake)

Days Hours ET1 ET2 Thyroid Stomach
Small

Intestine
Upper Large

Intestine
Lower Large

Intestine
Whole
Body

Table 6. The Whole Body IRF : 131I Inhalation Vapor and Elemental.
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The Experience on Intake Estimation and Internal Dose Assessment by
Inhalation of Iodine-131 at Korean Nuclear Power Plants 

Hee Geun Kim and Tae Young Kong 
Korea Electric Power Research Institute

Abstract - During the maintenance period at Korean nuclear power plants, internal exposure of radiation workers occurred by the

inhalation of 131I released to the reactor building when primary system opened. The internal radioactivity of radiation workers contaminated

by 131I was measured using a whole body counter. Intake estimation and the calculation of committed effective dose were also conducted

conforming to the guidance of internal dose assessments from publications of International Commission on Radiological Protection.

Because the uptake and excretion of 131I in a body occur quickly and 131I is accumulated in the thyroid gland, the estimated intakes showed

differences depending on the counting time after intake. In addition, since ICRP publications do not provide the intake retention fraction

(IRF) for whole body of 131I, the IRF for thyroid was substitutionally used to calculate the intake and subsequently this caused more

error in intake estimation. Thus, intake estimation and the calculation of committed effective dose were conducted by manual calculation.

In this study, the IRF for whole body was also calculated newly and was verified. During this process, the estimated intake and committed

effective dose were reviewed and compared using several computer codes for internal dosimetry.

Keywords : 131I, Internal Exposure, Whole Body Counter, Intake, Committed Effective Dose, Intake Retention Fraction


