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Fig. 1. Biokinetic model for iodine metabolism (ICRP-54). ™ DCF= 8.8X 10° SvBgo|t), whaba] 2D () o] &3}
Absorption
———  Blood Thyroid
A = 8.316E-01 d!
A = 8.6625E-03 d!
= -1
A=1.950¢ d Rest of body
A = 4.620E-02 d'!

A = 1.155E-02 d!

Urine Feces
Fig. 2. Biokinetic model for iodine metabolism (ICRP-78).

Table 1. Comparison of Thyroid IRF Values of **1 for Inhalation (Special Monitoring).

Time after Intake (Day) IRF(F) (ICRP-54) IRF(F) (ICRP-78) Elemental(SR-1) (ICRP-78)
1 1.4 x10* 1.2 x10* 2.3 x10*
2 1.6 x10* 1.2 x10* 2.2 x10*
3 15x10* 1.1 x10* 2.0 x10*
4 1.4 %10 9.9 107 1.9 x10*
5 1.3 x10* 9.0 x 107 1.7 x10*
6 1.2 x10* 8.2 %107 1.5 x10*
7 1.1x10* 7.4 x10? 1.4 x10*
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Whole Body i
Counting : Internal Choice of FMS
Activity(M) & Metabolism

Intakes Committed

Estimations

Effective Dose|
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Type : FASTSCAN-2250
Geometry : Stand type
Genic PC : O/S-2

MCA Program : Abacos

KIDAC Program
- Intake Estimation
— Dose Assessment

KIDAC: KHNP’s Internal Dose Assessment Code
Intake (1) = Internal Activity (M) < IRF(t)
Committed Effective Dose = Intake X DCF

Fig. 3. Systematic diagram for intake estimation and CED calculation.
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Table 2. Summary of Intake Estimation and Committed Effective Dose Calculation for 7 Days after Intake of **!1.

Classification Specifications Calculations
Intake route Inhalation, Ingestion, Skin and Wound Inhalation
Chemical Form ICRP-78:F, M, S F, D (Report)
ICRP-54: D, W, Y
Activity Median Aerodynamic ICRP-78: 5 pm Lum
Diameter (AMAD: pm) ICRP-54: 1 pm H
Intake Mode Single(Acute), Chronic Single(Acute)
Time after Intake(Days) (Intake - WBC) time 7 Days
_ . -2
Intake Retention Fractions (IRF) ICRP-78(F type): 7.4 x10 1.1 x10*
ICRP-54(D type): 1.1 x 10*
Intake(Bq) ICRP-78: 13,270 Bq 8,927 Bq

ICRP-54: 8,927 Bq

Dose Conversion Factor (Sv/Bq)

ICRP-78: 8.8 x10° Sv/Bq
ICRP-54: 1.1 x10® Sv/Bq

1.1 x10° Sv/Bq

ICRP-78: 0.146 mSv

Committed Effective Dose (mSv) ICRP-54: 0.079 mSv

0.079 mSv

Table 3. Intake Estimation and CED Calculation by Inhalation of **'I.

Whole Body Counting & Intake Estimations Intake estimations & CED Calculations

No. Initial ~ Time after  Intake Re- Time after  Intake CED (Initial Count) CED (Recount)

Count Intake  Estimates count Intake  Estimates

(Bq) (Days) (LUDEP) (Bq) (Days) (LUDEP) CINDY LUDEP KIDAC CINDY LUDEP KIDAC
1 7,092 1.47 5.25 x10* 2,149 12.62 4.47 x10* 0.26 0.55 0.64 0.29 0.47 0.52
2 10,420 0.50 9.29 x10* 2,670 10.39 451 x10* 0.22 0.97 1.17 0.28 0.47 0.49
3 2,667 0.22 4.00 x10* 2,515 12.22 5.04 x10* 0.04 0.42 0.56 0.28 0.53 0.55
4 12,330 0.39 1.25 x10° 4,563 12.46 9.36 x10*  0.24 131 1.65 0.62 0.98 1.09
5 8,244 121 6.06 x10* 2,458 12.27 495 x10* 0.28 0.63 0.74 0.31 0.52 0.54
6 4,819 0.23 6.98 x10* 2,177 11.43 4.05 x10*  0.08 0.73 0.87 0.25 0.42 0.44
7 5,775 12 4.25 x10* 2,408 12.30 4.87 x10* 0.24 0.45 1.04 0.30 0.51 0.53
8 13,170 0.57 1.11 x10° 2,490 11.86 4.83 x10*  0.30 1.16 1.38 0.31 0.51 0.55
9 5,556 0.31 6.45 x10* 5,786 12.60 1.20 x10° 0.10 0.68 0.81 0.74 1.26 1.27
10 1,548 0.41 1.52 x10* 984 9.38 151 x10* 0.03 0.16 0.19 0.11 0.16 0.17

CED7} vl Es} of Z718 Aoz Vel o|¢ wingrti-gde
8] ol E W) ZXFH 7L Aim =8 o453 5% 2 CED
H7}, = Akl &% AHF 2 CED H7}, 7%= 2P
of oJgt HH H7 Fol UGS M| Mol dxg& &
SITH10,22,23], $+H o] =fgh W82 &7 357 WiHw] Zof
Tz 2 QAR 2HdEk o 1A 7] Fel| AlEE W2y
Z AL g7l ASE 7] 7|0 Bl o g = QlTH24,
2002 Bl AHF AR ek AT B A A
oA e Aal ASH AN WBC AaEg REg AE
st ], AASAHE =0 HIgk REZF ICRP H3LA ofi= )| A=
o] QA ekt et olEdt A FA] A-E5H L g Ky
Z MHEH7E ArFE oA 2l H 9t LUDEP, MONDAL %

o

fl

KIDAC FE Fo| 73704 IRFE o|g3le] e 23l
CEDE #7}sl= 722 dA1E of JAet. o]of] what AR =he]
Faet @7 SA) AAAFE AAEheE A, S AR ER A
] F AR ¢koll WBC 2] Al AR =E o|83F Wil =4
#3734 IREE o]-g3l o ALkt AH %3 CED7L 5247 o
2 J7rE ok, weba o]2lglk B4R & etk il ICRP BaLA
ofl A A= 1A ehe T A F ol k2 Al RPE sfj9] A&7t}
FEo 2 AR 9ITH10,23,25]. of7]eo)| A= P'1e] #8kE el o
3 AMAD= 1 UM 3} 5 UM e IRF e} 571 (Vapour) el ot
RFE Akl ek, 53] S o] @A & =ajel AR *'1
o] Ao A AaA S7ER 2] g AREE SLefsl o] A3 7 244]
3L ol AlAl F82= A 9] IRF A&l 2788 F3A0}. o238 IRF
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Table 4. The Whole Body IRF : **I Inhalation Type F and 1 pum.

Fraction (Bq per Bq intake)

. Small Upper Large  Lower Large Whole

Days Hours ET1 ET2 Thyroid Stomach Intestine Intestine Intestine Body
0.1 24 1.48 x10*  2.13 x10°® 2.05x10% 1.08 x10* 4.51 x10* 8.37x10" 958 x10°  1.81x10*
0.2 4.8 1.33 x10" 6.46x10™ 3.98 x 107 9.74 x10* 4.06 x10° 7.83 x10* 2.27 x10* 1.75 x10*
0.3 7.2 119 x10* 2.30x10Y7 543x10% 876 x10°® 3.65x10° 6.57x10" 3.26 x10*  1.75x10*
0.4 9.6 1.07 x10* 8.90%x10%#? 6.50x10% 7.88x10°® 3.28x107 545x10* 3.95x10* 1.73x10"
0.5 120 9.60 x10? 3.60x10%* 7.28x10% 7.08 x107  2.95x10® 4.51x10* 439 x10* 1.70x10*
0.6 14.4 8.61 %107 0.00 7.84 x10° 6.37 x10°® 2.65 x10° 3.74 x10* 4.64 x10* 1.65x10*
0.7 16.8  7.72 x10? 0.00 8.24x10% 573 x10° 239x10%* 3.10x10" 474 x10*  1.60x10*
0.8 19.2  6.93 x10? 0.00 8.52x10% 5.15x10% 215x10*" 257x10" 473 x10*  155x10*!
0.9 216  6.22 x10? 0.00 8.71x10% 4.64x10™ 1.93x10*? 213x10" 4.65x10*  1.50x10*
1 24.0 5.58 x107 0.00 8.83x10% 4.17x10" 1.74x10" 177 x10* 450 x10* 1.45 x10*
2 48.0  1.88 x10? 0.00 8.57x10% 144x10%? 6.02x10* 3.18x10° 229 x10*  1.05x10*
3 720 6.35x10° 0.00 7.83 %107 0.00 0.00 1.26 x10°  9.64 x10°  8.47 x10?
4 96.0 2.14 x10° 0.00 7.12 x10? 0.00 0.00 119 x10°  4.54 x10°  7.34 x10?
5 120.0 7.23 x10* 0.00 6.48 x 107 0.00 0.00 1.34x10° 293 x10°  6.56 x10?
6 1440  2.44 x10* 0.00 5.90 x 10° 0.00 0.00 147 x10° 255 x10°  5.93 x10?
7 168.0 8.24 x10° 0.00 5.37 x 107 0.00 0.00 157 x10% 254 x10° 5.38 x10?
8 1920 2.78 x10° 0.00 4.88 x 107 0.00 0.00 162 x10°  2.62 x10°  4.89 x10?
9 216.0 9.38 x10° 0.00 4.45 %107 0.00 0.00 1.65x10° 2.68 x10°  4.45x10?
10 240.0 3.17 x10° 0.00 4.05 x 107 0.00 0.00 1.65x10° 2.72 x10°  4.05x10?

Table 5. The Whole Body IRF : **!I Inhalation Type F and 5 um.
Fraction (Bq per Bq intake)

. Small Upper Large  Lower Large Whole

Days Hours ETL ET2 Thyroid Stomach Intestine Intestine Intestine Body
0.1 24 3.04 x10* 3.47 x10*® 2.74 x 107 2.05 x10? 8.52 x10* 1.58 x10* 1.81 x10* 3.54 x10*
0.2 4.8 272 x10*  9.46x10%® 542x10%? 1.84 x10° 7.67 x10° 1.48x10° 4.29 x10*  3.30 x10?
0.3 7.2 2.44 x10*  3.20x 10" 7.45 % 107 1.65 x10* 6.89 x10° 1.24 x10* 6.17 x10* 3.21 x10*
0.4 9.6 219 x10*  1.23x10* 8.95x10? 149 x10° 6.20x10" 1.03x10°® 7.46 x10*  3.11 x10?
0.5 12.0 1.97 x10* 5.05x10% 1.00 x 10* 1.34 x10° 5.58 x10°® 8.53 x10* 8.29 x10* 2.99 x10*
0.6 144 176 x10* 2.14x10%® 1.08x10* 1.20 x10" 5.02x10° 7.06x10* 876 x10*  2.86 x10*
0.7 16.8 1.58 x10* 0.00 1.14 x 10* 1.08 x10® 451x10%* 5.85x10* 8.95 x10* 2.74 x10*
0.8 19.2 142 x10* 0.00 1.18x10* 9.74x10™ 4.06x10™ 4.85x10* 894 x10*  2.61x10*
0.9 21.6 1.27 x10* 0.00 1.21x10" 8.76x10" 3.65x10"  4.02 x10* 8.77 x10* 2.49 x 10"
1 240 114 x10? 0.00 1.22x10* 7.88x10™ 3.28x10"™ 3.34x10* 850 x10*  2.38x10*
2 48.0 3.86 x107 0.00 1.19x10" 273x10%2 1.14x10% 5.74 x10° 4.31 x10* 1.58 x10*
3 72.0  1.30 x10? 0.00 1.08 x 10* 0.00 0.00 1.95x10° 1.77 x10*  1.22 x10?
4 96.0 4.39 x10° 0.00 9.87 x 10* 0.00 0.00 1.68 x10°  7.86 x10°  1.03 x10?
5 120.0 1.48 x10° 0.00 8.98 x 10° 0.00 0.00 1.86 x10°  4.60 x10°  9.14 x10?
6 1440 5.00 x10* 0.00 8.17 x 107 0.00 0.00 2.04 x10® 372 x10°  8.23 x10?
7 168.0 1.69 x10* 0.00 7.44 x 10* 0.00 0.00 217 x10® 358 x10°  7.46 x10?
8 1920 5.70 x10° 0.00 6.77 x 107 0.00 0.00 2.25%x10°  3.65 x10°  6.78 x10?
9 216.0 1.92 x10°% 0.00 6.16 x 10° 0.00 0.00 228 x10° 373 x10°  6.17 x10?
10 240.0 6.49 x10° 0.00 5.61 x 107 0.00 0.00 228 x10®  3.77 x10°  5.62 x10?

134 JOURNAL OF RADIATION PROTECTION, VOL.34 NO.3 SEPTEMBER 2009



A3 S 190 T A0 U3 F el TR A AR U 2 A 5 RS A T

Table 6. The Whole Body IRF : **!I Inhalation Vapor and Elemental.

Fraction (Bg/Bq intake)

. Small Upper Large  Lower Large Whole
Days Hours ET1 ET2 Thyroid Stomach Intestine Intestine Intestine Body
0.1 24 8.97 x10?  4.67x107 546 x10? 219x10? 9.12x10* 1.67 x10® 1.90x10*  1.69 x10*
0.2 4.8 8.05%x10% 8.07x10% 1.04x10" 197x10° 821x10° 1.56x10° 4.52x10* 1.89 x10*
0.3 7.2 7.22x10% 149 x10% 142 x10" 1.77x10* 7.38x10° 1.31x10°® 6.50x10*  2.16 x10*
0.4 9.6 6.48 x10% 3.18x10%* 1.69x10"' 159x10° 6.64x107 1.09x10°® 7.87x10* 2.36 x10*
0.5 120 581x10% 847x10%® 190x10*' 143x10° 597x10% 9.01 x10* 875x10*  2.49 x10*
0.6 144 521x102 2.84%x10%* 2.04x10" 129x107 537x10° 7.47x10* 9.25x10* 258 x10?
0.7 16.8 4.68x10% 1.12x10%* 214x10*' 116x10® 4.83x10* 6.19x10" 9.45x10* 2.63 x10*
0.8 19.2 419x10% 4.76x10% 222x10' 1.04x10° 4.34x10" 5.14x10" 9.44x10*  2.65x10*
0.9 216 376 x10%? 2.09x10% 226 x10" 9.38x10™ 3.91x10% 4.27 x10*  9.27x10*  2.65 x10*
1 240 337x10% 9.36x10%® 229x10" 8.43x10" 351x10™ 355x10* 8.98x10*  2.64 x10*
2 48.0 1.14x10%? 8.41x10% 223x10" 292x10% 1.22x10%® 6.65x10° 4.60x10* 235 x10*
3 720 3.84x10° 7.70x10% 2.03x10' 1.01x10% 421x10* 3.03x10° 1.98x10* 2.07 x10*
4 96.0 130x10%® 7.06x10% 1.85x10" 3.50x10* 1.46x10* 3.05x10° 9.94x10°  1.86 x10*
5 120.0 4.38x10* 6.47x10% 1.68x10" 3.15x10%® 1.28x10%* 3.47 x10° 6.97x10° 1.69 x10*
6 1440 148 x10* 593x10% 153 x10" 1.72x10%® 6.89x10® 3.83x10° 6.41x10° 153 x10*
7 168.0 4.99%10° 543x10% 1.39x10" 154x10%® 6.15%x10%® 4.07 x10°® 6.53x10°  1.40 x10*
8 1920 1.68x10° 4.98x10% 127 x10" 137 x10%® 549x10%® 422 x10° 6.78x10° 1.27 x10*
9 216.0 568x10° 456x10" 1.15x10" 1.23x10% 491x10%® 428x10° 6.96x10° 1.16 x10*
10 240.0 192x10° 4.18x10™ 1.05x10" 1.10x10% 4.38x10%® 428x10° 7.05x10° 1.05 x10*
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The Experience on Intake Estimation and Internal Dose Assessment by
Inhalation of lodine-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 **' released to the reactor building when primary system opened. The internal radioactivity of radiation workers contaminated
by 1 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 **! in a body occur quickly and **!I 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 **l, 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 : ™1, Internal Exposure, Whole Body Counter, Intake, Committed Effective Dose, Intake Retention Fraction
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