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Abstract When we consider the health effect of PM

2.5%

the size distribution of inhaled particle is the

important factor as well as the concentration and the chemical component. The size distribution signifi-

cantly alters the total and regional deposition in the respiratory tracts. However, regulations of PM,

.5

are based on the mass concentration (ug m™) without mentioning the particle size and components. In

this report, I present the importance of particle size using ICRP Publ.66 respiratory tract model for dose

assessment of inhaled radioactive particles through the discussion on the relationship between particle

size of PM, ; and regional deposition in the respiratory tracts.

Keywords : PM

2.5

WEELR— L= V2 D PMys D Q&A IZ1E, [PM,s
CWEEABWETT A ] OMWVISK LT, [PMy; 1
FEEE 2.5 um LT ORI T- & v ) 2213 T, Fod i3]
DHESINTVI AL LORIEIBHINATW S,
HHERALOF SR VHETH Y 255, T
(& [PMys (ZEREIZE | &) R E L RN
LooBHb L) ThHb, Akl [HEH - MgaE
] V) DITBIT W B, PMy, 12 & A fEEHER A L
b &, [PMys D EZLRB L] L) BE2L
ILFEGHITEVIFEICED L) TH L, bBEAHA, TER
R, MR EEMEICT AEMIC L o TEE L
RBHWTIZE) THHH L, BWORIELROPBEIE
WEDIEIA T DO\ o J2REH A — L & BRI
LYEL, ALFHERIIHEN I CEETH L, L L e
5, 7OV NVTHENLIIE, AWNICIEIFRIZ X -
THYRAIND LW ZEDRIEATH L, 2O A
FIZOWTH LI b o THhI, M X AHY A

() RO EESS SR R A CER R v 4 — BRIE
MR FHERTSE 70 7 Z 24803 < FHRTZE 7 — A
(T 263-8555  T-HEMHHEX /I 4-9-1)

! National Institute of Radiological Sciences, Research Center for
Radiation Emergency Medicine, Research Program for Radiation
Dosimetry, Dose Assessment Team

4-9-1 Anagawa, Chiba-shi 263-8555 Japan
* Corresponding Author.
E-mail: fukutsu@nirs.go.jp (K. Fukutsu)

200

(46)

inhalation, particle size, respiratory tract model, radioactive particle.

AOBENSIE, [PM,y; &1, KETICEFEELTWD
25um LN O/NES 7T, RIS WD, filio
HBETADRT e 1 &) KRB PM,; OFEAR T
MR L) TH D, SHIXWMNRF JRTTD
[IEF IS Wz ] LWL & 9 % REAHEH
ENb, TE, RYI2 MoRFTAYRLT L] TF
NCERHTEZLDOTH» ) »? k=70 V%
WFERt e LTwaHIZE 5T, PMy; E—5TE &
DOENTLES THZRL o bE KESM) 2
Ko TLEI)e EWVIHIDIE, 7O LV E
WAS BT ETRE NPT 25T 572012,
E RO AP i B
on Radiological Protection) T 5l 72 ML &0E € 7V
RIRIBLTEBY, ZORTHAEOEEELZFH T WD
PO Thb, MERKIE, =70V Ve/la5500 -
EDHBELRFIIHTFORESITHY, PMys FLF 125
B 73I7a skt ERARINTWAEY, 25 um
UTFad_XTELEDTLES72PM, &) HATE
NTLE o770V )NV ORAEEFROERIZOWNT,
BEEZ 7 0 VORI Z S Z TR %o

REBRMUNPSRZZHD

PM,s DifE 2R3 HALIE, pgm? &) HERET
Hho ZIIEPM, OB BINTELREHRMTD
o EEBHETERLTIEV) 2 LI, KRELKT%

(ICRP: International Commission

7 u VR



F—7y b LT LI RZ%, KAFoLT
OV IVREOY — 7 HE TR T 2577, HEREL

LCTAZEFTIZurdHrwidi sz s Aok
¥, HEEEECTRY7Iza vk, ZFLCEBE
TS SIS BRTF L E VS 2 EIFRMOHE
FETHb, NS FITEEPLTHERLLTD
FHA R, REBKTPRE> Tl 21T
EREEIRTI-TLE ). ALV THRED—
HrR&EL< L, EBREIZMHOIKELLLOTH S,
CHICKRTLT, Bt T oI EREE T
{, BqmB3 W EEARENLE 2D, PM,s DIEEHATIE~ A
sUTTHEN)PETT, EhrhBELEVWIBEXEH D
A3, B &) B S\ ) & FETHU R E 2
K2 B E = 7 0 )L DR EE B 0 S E R AL
IVENRTVL, 728 21E, 2011 FEISRE & 2 EEN
T8 55— R T I 5 B A Sl C BRI SRR L 72 i g
L a (Cs & BICs) DRI RS B2 A3
ENTVEOT—HIE LTHNT 5. FIEHFALE LT
iE, FSWEPMLICEINDLLDTH D, LD
TAE, 1mP OBERICH T 2 AT T A (fg=1X
10%g) FRELZLDTHEZ 272720, FRICL 723
Brbtry a2 rEREMNELL ) &35 EEEIC
LV, LA L, Wit s 20 5 i & s it
WMA(CoOmERIT <) 2HETE 2oLk
HEIAHYT 2 ML L THHESICHET
ELETHDH, L Z2IE YL (WCs) T1gd
WL, 1ARHIIZ32X102 KD F v < x il 4 %,
1fg (ST IR TIZMEETE 2y, TR TIX
10 KL Lo E 2 50T, BERERNELT 23T
SRITE 20 ZOMMIKE D B S 2SR5 A6 AT %
WREIC L7ze ZOMBICd, MHEREEDS K v &) LT
AMEH L CWA 0, HRBESMEEETHL T R
¥ (Rn) & bL—H— L35 KRAEENIETH S,
Lldwvz, EEETHIESE 25 PM,; OWE ST
TR 7 O SRS v, BEHEERIS, 5
HELERED S MFEICED S22 TH D, ERl
REEZRETXL01EdH  ETPM; ICH T L5 NS
B 7aV VIR L TOATHL I EICEEL %L T
17 6 7wy,

PM,s DIEENEL o2 LT, T & bREN
EOREEHOMPIZE ST, WHRELDEREEELE
o TL LU FEMEND 539, FIAL¥WE L L Tof
BN BRAESNTWS PM,, THNIE, +/kHFT
HEHEN TV L) RN TOREMEROBIE S,
KAFEAHLECHELZTFMT L L IDbVnrd L
N\, —EBOFHI A —H — T, FEE T
LHETINVHLTTICHWLTWDE L) TH S,

T, NI ETICRAEEZRIZLTWS DD,
Z O % ICRP Publ.66 DIFIE A EE 7V IZHEDW
THHT %,

Vol.29 No.3 (2014)

(47)

ICRP Publ.66 FIFREETILOBE

PM,; CTHW 2 K E 13225 7) %1 (AD: Aerodynamic
Diameter) TdH b, Z T L D& L Tilll o 72872411
GRESI TR, BRIVFNEE 2 REL LRE
X Thb, ICRP DINFRAEETF VT EKEICZTO Y
VEBPSBRmIHE L7 KRE S TH 5 2ERIF
& & #BJ1%4% (TD: Thermodynamic Diameter) O[] J5 %
HAWTED, JEWRAEH#HIAZ 7 N— L TWwb, 727201,
BHET 7OV ERRE L TWD 2D, BRIFEH
ﬁ&%yfﬁ:g‘:‘j%fé (AMAD: Activity Median Aerodynamic Di-
ameter) 7 & & HUEE L ) BRSOV TV A, 2
CITRICETICFHA TR LV,

ICRP DI AEE 7 Vi, Fig. 1IZRT X912, I
W BE % 5 DODEMIZHE L TER T 5D, fFHIFT
o EMIALTHEEINTVWEY, 70 VEHO
FEWIZ X BILERR OB RS & bR REED
E\W % ZE L CTET, ET, BB, bb, Al ® 5D DML
WZHE L TWhe PMy, TWH EZAHD [l T T
WAL T 2 DL AL TH A ) », Eihve b HgEhas
2fk BB+bb+Al) £EZLDTHH ) 0o MHET
TRV TIEERCEIIHFG LewE LTHEMR SN
e\ HERALE (ET, +ET,) b, PM,, CHIEH SIS
TUNF—EBETITFEE SNLHEEE 2200 Ltk
Vo B L W) ER T, BEHET T a YL &
EY)ELHAHD, TT OV NVEEOKEEE L TOLE
MREFEBEEZTELLZZRVTHS ) O
REETINVED LIZ, REOE) 7OV IR TAE
CIEDLBWIEETLIONERTAHAL I,

® % &

BRSSPI AN DY A W e oY N N A &Rl i - I
HELHNTF RO, WHREETHL, BTWHEL

Fig.1 Respiratory tract model.
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Table 1 Reference respiratory values for a general Caucasian population at different levels of activity®
Activity Resting (sleeping) Sitting awake Light exercise Heavy exercise
Maximal workload(%) 8 12 32 64
Breathing parameters* Vioop (m?h™)  fy (min™) Vioog (m*h™)  fy (min™) Vioog (m*h™)  fy (min™) Vioop (m?h™)  fy (min™)
@) ¢ @ ‘ (D) b (D) ¢
3mo 0.039 0.09 38 N/A N/A N/A 0.066 0.19 48 N/A N/A N/A
ly 0.074 0.15 34 0.102 0.22 36 0.127 0.35 46 N/A N/A N/A
5y 0.174 0.24 23 0.213 0.32 25 0.244 0.57 39 N/A N/A N/A
10y Male 0.841 222 44
0.304 0.31 17 0.333 0.38 19 0.583 1.12 32
10y Female 0.667 1.84 46
15y Male 0.500 0.42 14 0.533 0.48 15 1 1.38 23 1.352 2.92 36
15y Femae 0.417 0.35 14 0.417 0.40 16 0.903 1.30 24 1.127 2.57 38
Adult Male 0.625 0.45 12 0.750 0.54 12 1.25 1.50 20 1.923 3.0 26
Adult Female 0.444 0.32 12 0.464 0.39 14 0.992 1.25 21 1.364 2.7 33
* V;=Tidal volume, B=Ventilation rate, fy=Respiration frequency.
N/A=Not applicable.
Table 2 Maximum deposition efficiency (%) in the Al region”
Adult males Adult females 10-year old children
Caucasians Japanese Caucasians Japanese Caucasians Japanese
Sleep 41.7 412 36.1 35.6 36.0 355
Sitting 45.7 452 36.9 36.5 376 37.0
Light exercise 534 53.0 50.9 50.4 46.4 45.9
Heavy exercise 59.1 58.7 55.5 55.0 51.6 51.0
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Fig. 2 Fractional deposition in regions of the respiratory tract for reference workers as a function of particle size (From Table
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F.19).

TD: Thermodynamic diameter, AD: Aerodynamic diameter.
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Fig. 3 Respiratory deposition among different distributions of particle size during 1 hour working.
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Fig.4 Comparison of deposition between normal nose breath-

er and habitual mouth breather (From Table F.1%).
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Fig. 5 Dose for inhalation intake of 1 Bq ***PuO, as a func-

tion of particle size.
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Fig. 6 Effect of air cleaner to the relationship between concentration and effective dose of radon decay products.
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