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Estimation of Dose from the Measurement Results of Airborne Radionuclide Concentrations
Following the Fukushima Dai-ichi Nuclear Power Plant Accident
—For the Public around Tokai-mura, Ibaraki—

Masanori TAKeYAsU*!, Shuichi Sumiva*! and Sadaaki Furuta*!?

On the basis of the measurement results of airborne radionuclide concentrations in the Nuclear Fuel Cycle Engineering
Laboratories, Japan Atomic Energy Agency, the committed effective dose to adults and the committed equivalent dose to
thyroid of infants by inhalation were estimated for various indoor and outdoor exposure scenarios. It was demonstrated that
the indoor to outdoor airborne radionuclide concentration ratio had a dominant effect on the dose estimate. The committed
effective dose to adults was estimated to 0.098 mSv, and the committed equivalent dose to thyroid of infants was 1.8 mSv.
These doses were about 1/6 and about 1/9, respectively, compared to the provisional ones with such assumptions as continuous
outdoor stay.

KEY WORDS: dose estimation, inhalation, public, environmental monitoring, Fukushima Dai-ichi nuclear power plant
accident.
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Table 1-1  Comparison of dose coefficient for estimating committed effective dose to adults.

. P Provisional estimation This paper’s estimation
Chemical form Radionuclide Dose coefficient*” [Sv/Bg]  Absorption type  Dose coefﬁcic:n:) [gv/Bq] Absorption type
Te-129m 7.9E-09 Type $*¥ 6.6E-09 Type M*¥
Te-132 5.1E-09 Gas or vapour ™ 2.0E-09 Type M*?
-131 2.0E-08 Elemental *¥ 4.9E-9* Type F**
Aerosol form — 132 *V 3.1E-10 Elemental *¥ 1.OE-10* Type F**
1-133 4.0E-09 Elemental *¥ 1.0E-9*% Type F*¢
Cs-134 2.0E-08 Type $*¥ 6.6E-09 Type F*
Cs-136 2.8E-09 Type $*Y 1.2E-09 Type F*
Cs-137 3.9E-08 Type §* 4.6E-09 Type F**
Te-129m 7.9E-09 Type $*Y 3.7E-09 Gas or vapour*”
Te-132 5.1E-09 Gas or vapour ™" 5.1E-09 Gas or vapour™”
I-131 2.0E-08 Elemental *¥ 1.3E-8*Y Elemental *”
G%%mbmllqu“> 3.1E-10 Elemental *¥ 25E-10*Y Elemental *”
; 1-133 4.0E-09 Elemental *¥ 2.7E-9* Elemental *”
Cs-134 2.0E-08 Type $*¥ 6.6E-09 Type F**
Cs-136 2.8E-09 Type $*¥ 1.2E-09 . Type F*
Cs-137 3.9E-08 Type $*¥ 4.6E-09 Type F*9

* The radioactive equilibrium with Te-132 was assumed.

*2 This estimation was quoted from Furuta ef al. (2011) ¥ and TAKEYAsU ef al. (2012).%

*3 These dose coefficients were quoted from ICRP Publ. 71.9

* These absorption type’s dose coefficients were the largest among those in ICRP Publ. 71.9

*%) These values were corrected in terms of the intake of a lot of stable Todine by Japanese.

*9 These absorption types were recommended by ICRP Publ. 71 @ in the absence of specific information.
*7 These absorption types were corresponded to gaseous form.
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Table 1-2 Comparison of dose coefficient for estimating committed equivalent dose to thyroid of infants.
Provisional estimation *”

. . . This paper’s estimation
Chemical form Radionuclide Pap

Dose coefficient* [Sv/Bq] _ Absorption type  Dose coefficient [Sv/Bg] _ Absorption type
Te-129m 1.4E-07 Gas or vapour *¥ 1.2E-08 Type M*¥
Te-132 7.8E-07 Gas or vapour ** 5.3E-08 Type M*®
1-131 3.2E-06 Elemental *¥ 9.3E-07*% Type F*
I-132*Y 3.8E-08 Elementa] *¥ 1.0E-08*% Type F*¥
Aerosol form
1-133 8.0E-07 Elemental *¥ 23E-07*Y Type F*¥
Cs-134 1.6E-08 Type $*¥ 6.3E-09 Type F*¥
Cs-136 3.9E-09 Type F*Y 3.9E-09 Type F*
Cs-137 1.1E-08 Type S*V 4AE-09 Type F*¢
Te-129m 1.4E-07 Gas or vapour ™" 1.4E-07 Gas or vapour™”
Te-132 7.8E-07 Gas or vapour ¥ 7.8E-07 Gas or vapour ™"
I-131 3.2E-06 Elemental *¥ 2.1E-06™” Elemental *”
Gaseous form 1-132*) 3.8E-08 Elemental *¥ 2.5E-08*Y Elemental *”
1-133 8.0E-07 Elemental ** 5.3E-07*Y Elemental *”
Cs-134 1.6E-08 Type $*Y 6.3E-09 Type F*¥
Cs-136 3.9E-09 Type F*¥ 3.9E-09 Type F*¥
Cs-137 1.1E-08 Type $*¥ 4.4E-09 Type F*¥

* The radioactive equilibrium with Te-132 was assumed.

*2 This estimation was quoted from Furuta et al. (2011)” and Takevasu et al. (2012).?

*3) These dose coefficients were quoted from ICRP Publ. 71.°

*9 These absorption type’s dose coefficients were the largest among those in ICRP Publ. 71.9

*9) These values were corrected in terms of the intake of a lot of stable Jodine by Japanese.

*9 These absorption types were recommended by ICRP Publ. 71 in the absence of specific information.
*7 These absorption types were corresponded to gaseous form.

0EIRL (BW), 8EE30 5~ 19K TR TR
L Q0B 30%3), ZoMoBEY (K305~ 8k

Table 2-1 Parameters and their values for estimating committed
effective dose to adults, except for dose coefficient.

c = - Parameter Location Value
30 FRU 19 W~ 23 WO 6 BB ERAITERT S Indoor air concentration reduction factor 0.25
LRE L . Indoors: Asleep  7.5"
T, ABIEoOWTE, BERNEREGESOEED Daily time budget [h] Indoors: Awake  6°
i Outdoors: Awake 10.5°
CrhuE AR (RIE) OTHIREEERE LT, ndoors: Aslesp 045
THICEIEL, 208 2BH0BRBE2HATETORT Breathing rate [m’/h] Indoors: Awake 1.18°

Outdoors: Awake 1.21°

BEL, 210 ICBREBTAEEOIETH S, £oT, 21

* From 11 pm to 6:30 am.,

B~BH7RETo10RFHERL (BP), 13K~15
o2 KiiERE L (BR), ToioRiifiEANT
EHT5ERELL, CINSOBERFD Y ICHWN
$ A — % % Table 2-1 U Table 2-2 {2 F X 76

3. BEA/BAOZERHEEZ (BERNBREERGRER
BRLBAOERPBENE (BRBEERAR &
BEWORERICEET 5. BFHEREBHEOBRIE
g0z, KEBBREFOWMEEZIHEL, KERO
BOWEPWT205D1~70480 1, BFEOBREEOCRY
T4FD1~10FD 1 4D, BEMERT S EER
ENTW5hB, Jensen iE, ¥ v — 7 COMMPKLERIC
BT 2oL 7oVoONEIIN L TRANDZE
SHBEZERELLY. TOHRE 270 VOR
B 2um DA, BRBEEBABEDO S G0 1, &
F4moOBE BRBERBHBEED 105D 1 LEF

* From 6:30 am to 8:30 am and from 7 pm to 11 pm.

¢ From 8:30 am to 7 pm.

¢ One-third sitting (breathing rate: 0.54 m*/h) + two-thirds light
exercise (breathing rate: 1.5 m*/h).

¢ One-half sitting (breathing rate: 0.54 m’/h) + three-cighths light
exercise (breathing rate: 1.5 m’/h) + one-eighth heavy exercise
(breathing rate: 3.0 m'/h).

Table 2-2 Parameters and their values for estimating
committed equivalent dose to thyroid of infants, except for
dose coefficient.

Parameter Location Value

Indoor air concentration reduction factor 0.25
Daily time budget [h] Indoors: Asleep  12°

Indoors: Awake  12°

Breathing rate [m*/h] Indoors: Asleep  0.15

Indoors: Awake 0.31

? From 9 pm to 7 am and from 1 pm to 3 pm.
® From 7 am to 1 pm and from 3 pm to 9 pm.
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Fig. 3 Relationship between the airborne I-131 concentrations measured outdoors and
assumed for estimating committed dose by inhalation (in the case of 15 March 2011).
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* The radioactive equilibrium with Te-132 was assumed.

Fig. 4-1 Variation of committed effective dose to adults in according to the change of
parameters (The parameter values for Case 1, 2, 3 and 4 were shown in Table 3-1.).

Table 3-1 Parameter values for each case in Fig, 4-1.

Parameter Case 1 Case 2 Case 3 Case 4
. Maximum value foreach  Comesponding values to
Dose coefficient (X)) radionuclide aerosol :I:nd gasgeous forms* - -
Airborne radionuclide  Outdoor air concentration - One-fourth of outdoor air -
concentration () measured concentration measured”

0.45 (Indoors: Asleep®),
Breathing rate (M) [m*/h] 0.925 - e 1.18 (Indoors: Awake?),
1.21 (Outdoors: Awake®)

Stay period (7) From March 13 to May 23 - e has

* Dose coefficient for radioactive Iodine is corrected considering of the intake of stable odine by Japanese.

® Indoor stay period (from 7 pm to 8:30 am).
 From 11 pm to 6:30 am.

¢ From 6:30 am to 8:30 am and from 7 pm to 11 pm.
¢ From 8:30 am to 7 pm.
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* The radioactve equilibrium with Te-132 was assumed.

Fig. 4-2 Variation of committed equivalent dose to thyroid of infants in according to the
change of parameters (The parameter values for Case 1, 2, 3 and 4 were shown in Table 3-2.).

Table 3-2 Parameter values for each case in Fig. 4-2.

Parameter Case 1 Case 2 Case 3 Case 4
. Maximur i
Dose coefficient (K)) aximum valuq foreach Corresponding values to . - -
radionuclide aerosol and gaseous forms
Airborne radionuclide  Outdoor air concentration One-fourth of outdoor air -
concentration (¥} measured concentration measured

Breathing rate (M) [m’/h] 0.215

0.15 (Indoors: Asleep”),
0.31 (Indoors: Awake®)

-

Stay period (1) From March 13 to May 23

- -—

* Dose coefficient for radioactive lodine is corrected considering of the intake of stable lodine by Japanese.

® From 9 pm to 7 am and from 1 pm to 3 pm.
° From 7 am to 1 pm and from 3 pmto 9 pm.
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