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Table 1. Reference Parameter Values of Airborne Particulates in ICRP 66 Human Respiratory Tract Model and Parameter Values Used for Sensitivity

Analysis.

Particulate property

ICRP reference value

Input parameters for sensitivity analysis

Particulate size

5 um (Workplace)

0.01 ~ 100 #m

1 p#m (The public)

Shape factor 1.5 1.0, 1.5, 2.0
Density 3g- cm? 0.7, 3.0, 11 g~ cm?
Type F
Absorption type Type M (U) Type F, M, S
Type S (Th)
10 T T T 10 v T - \Basss -t -
(A) 35U TypeF (B) Z°Th TypeF
=== TypeM === TypeM
e Type §

Committed Effective Dose (Sv-Bq?)
S

=
-
——

Committed Effective Dose (Sv-Bq?)

0.01 0.1 1 10
AMAD (um)

0.01 0.1 1

AMAD (um)

Fig. 1. Committed effective dose due to inhalation of airborne particulates by particulate size and radionuclide absorption type: (A) U, (B)
Z0Th, Type F, M, and S means fast (F), moderate (M), and slow (S) absorption of radionuclides in the lung to the blood. In the ab-
sence of particulate size information, ICRP-66 HRTM recommended to use 5 #m and 1 #m for workplace exposures and general pub-

lic exposures, respectively (e®: Workplace, A: The public).
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Fig. 2. Committed effective dose due to inhalation of airborne particulates by particulate shape factor. In the absence of shape factor in-
formation, ICRP-66 HRTM recommended to use the value of 1.5 (e: Workplace, a: The public).
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Assessment of Inhalation Dose Sensitivity by Physicochemical Properties of
Airborne Particulates Containing Naturally Occurring Radioactive Materials

Si Young Kim”, Cheol Kyu Choi", Il Park”, Yong Geon Kim", Won Chul Choi*, and Kwang Pyo Kim"
“Kyung Hee University, “Korea Institute of Nuclear Safety

Abstract - Facilities processing raw materials containing naturally occurring radioactive materials (NORM) may give rise to
enhanced radiation dose to workers due to chronic inhalation of airborne particulates. Internal radiation dose due to
particulate inhalation varies depending on particulate properties, including size, shape, density, and absorption type. The
objective of the present study was to assess inhalation dose sensitivity to physicochemical properties of airborne particulates.
Committed effective doses to workers resulting from inhalation of airborne particulates were calculated based on International
Commission on Radiological Protection 66 human respiratory tract model. Inhalation dose generally increased with decreasing
particulate size. Committed effective doses due to inhalation of 0.01 #m sized particulates were higher than doses due to
100 wm sized particulates by factors of about 100 and 50 for **U and *°Th, respectively. Inhalation dose increased with
decreasing shape factor. Shape factors of 1 and 2 resulted in dose difference by about 18 %. Inhalation dose increased with
particulate mass density, Particulate mass densities of 11 g-cm?® and 0.7 g - cm® resulted in dose difference by about 60
%, For U, inhalation doses were higher for absorption type of S, M, and F in that sequence, Committed effective dose

for absorption type S of **U was about 9 times higher than dose for absorption F, For *°

Th, inhalation doses were higher
for absorption type of F, M, and S in that sequence, Committed effective dose for absorption type F of **Th was about 16
times higher than dose for absorption S. Consequently, use of default values for particulate properties without consideration
of site specific physiochemical properties may potentially skew radiation dose estimates to unrealistic values up to 1-2 orders
of magnitude. For this reason, it is highly recommended to consider site specific working materials and conditions and use

the site specific particulate properties to accurately access radiation dose to workers at NORM processing facilities.

Keywords : Naturally occurring radioactive material, Human respiratory tract model, Particulate physicochemical property,

Inhalation dose, Sensitivity to particulate properties
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