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ABSTRACT

The absorption characteristics of hazardous materials onto human body and defense mechanism dif-
fer from each other region within the respiratory tracts, thus adverse health effects of inhaled smokes
are associated with not only the concentration but also the location of the particles deposited. In this
work, the deposition fraction per surface area and the deposition sites of the smoke particles in human
respiratory tracts for each rest and light exercise conditions together with oral and nasal breathing
were calculated by using segmental volume tracking method. The results would be used for deriving
the amount of absorption of hazardous materials onto human body, thus contribute to the health risk
assessments of inhaled fire smokes.
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Fig. 3. Schematic of breathing model showing a series of
airway generations and expanding lung volume.
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Table 1. Breathing patterns for different activities, resting L 537 U AAepe ARSI FFEk Fo H

and light exercise A ¢4 o] AN Agd Rl AEE g

Breathing parameters Fig. 40 vFebd vle}l o] FaAeldlN 21332 F
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‘ (liter/min) | (1/min) (md) 3 MPPD(Yeh-Schum 5-lobe) = %z} H|@HATH

Resting 73 12 625 ageld A4 2 FAe 2 A4 L AT ARee

Light exercise 25 20 1,250 o] thate] o] Aol AREE A3 mdg o]gE 2

stolt}, wlEEI/1EE AA AAEE, A44Y JlEs
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fractiony & FY YA &0l g AFYA ] ¥lE  Fig. 4. Comparison of the results from this work with those
oulgtt}, ueir] €79 337 YdFsEr A2 7 from other works for total and alveola deposition fractions.

Table 2. Deposition fraction contributions by each of three different deposition mechanisms vs. particle diameter(PDIA)
are shown. Also, lobar deposition fractions for leading airways (LA) and five different lobes are represented

PDIA Deposition Mechanisms Leading Airways and 5 Lobes
(pm) DIF SED IMP LA RU RM RL LU LL
0.005 0.889 0.000 0.000 0.229 0.102 0.053 0.198 0.105 0.203 0.889
001 0.842 0.000 0.000 0.123 0.112 0.059 0212 0.115 0.220 0.842
0.03 0.641 0.000 0.000 0.050 0.100 0.052 0.156 0.103 0.180 0.641
0.05 0.479 0.001 0.000 0.034 0.079 0.041 0.109 0.081 0.134 0479
0.1 0.281 0.002 0.000 0.021 0.049 0.025 0.060 0.050 0.078 0.283
03 0.110 0.013 0.000 0.010 0.022 0.011 0.025 0.022 0.033 0.123
0.5 0.072 0.032 0.000 0.007 0.019 0.010 0.021 0.019 0.028 0.104
1 0.041 0.105 0.001 0.005 0.026 0.014 0.033 0.027 0.042 0.147
3 0.012 0.486 0.033 0.029 0.085 0.044 0.134 0.087 0.153 0.531
5 0.005 0.588 0.163 0.120 0.102 0.053 0.182 0.104 0.195 0.756
7 0.002 0451 0412 0.290 0.091 0.046 0.167 0.093 0.178 0.865
10 0.001 0.151 0.795 0.588 0.058 0.027 0.100 0.059 0.115 0.947

Total
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Fig. 6. Generational deposition fractions showing the effects of breathing patterns and particle sizes: (a) dp = 0.01 pm, (b)
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T LB 8 Y =EF, A21d FH22, 2007E



alAol] olst B9dr1e] 7] U] LA Ast AT 7

golMe} AFEE B 7AIGAMe 545 2
A Aoi7h WA ot ¥ vlmd & f4Asel
AFEE AAHER G gole] AFAEE] A
Yehdd.

32 9ixd & =Y

Z} 3EEA Y 7 Ao S-S AAAA
001, 0.1, 1.0, 3.0pumE 2 Ztz} W] Fig. 6(a), (b),
(©), @ e Aid HzHEge e Al
&3e BE U4E 2 712sgFdMY 3R eS ¥
3 gtolth. 4AEA 001 umolAEFig. 6(a) 31
oA o] F2 Fitol 9ste dojyd=d], 7
¥ $EHHEE 75l FAHEY 759
Hwg o 23 55F St o3 ARATe] 24
of 93l 164e o)A AN = Aol 7
Ash FEAZIAHATHH) ol F FAA A= =
< TEF o AFAZ] F 2 A2 IR &
goz zbol Z71EHE & £ Y. =& P EY
(A4 A= 7RAEFEDF vz o v7dA ]
2ol 2l MR T3 Fol EolA] AA
Hoz ARE L] ZAde BH4E @ B & Atk
YAEA 0] 0.1, 1.0 umollA=(Fig. 6(b).(c)) B WFH
UEe] gggo] AA gsle] AAAQ AzHEgol 7
A vebdtl YA 3.0 pmoiH e Eig. 6(d) 39
Fol e oz Veh}A SSAgleA A e] F
2 dojdth o] A% 7l FHEIEE 715)4dA
E FWEAAAY) ofF MM HEEE
o] Zashed, ol ¥% ZEF S o ANF
E9) g3z ojd NN B FE AFHANA
A FdFe] SAER AFAT A2 FHENT
287] W&otk =3 3EF Sl gt Ao 3
FA el A7t AR olFd= AL I &
F ok, AldiE A2AEE 2 =7 AR 0.01 um
o] 3¢ YA 3.0 umdll Hste] S FHAFeRE
vehbe=t ol #itol AujA dAE7 0.01 ume
A% FY EEA GAE EXF U AAZ 4HA
A Azke] Mzt B3It 483| o] FofA|7] wjelt.

3.3 9| oiXe FEE

FYAN S o AT FFS VAR F2
d 54829 AW F5F BN 2o A=t
g AN @Y EHAHY duhg B 49 ¢
27t A HAeA7E FYA719] f34d Bk S
3 Q271 @ 4 QUth Fig 79X #4438 (Res)S}
7h-g F 4 (Lexe) 27119 A9 ZH AlUER 3

1e+§ +
—— Res,
- LEXe.
G et /|
£
KA
1]
D o3
<C
8
g 1e+2 P
D /\ /
1e+1 v/
[} 5 10 15 20
Number of Generation

Fig. 7. Generational surface areas of inner airway walls.

FA ] £3 ZE BA#] & UF BAAE e
ok B 2dollM At 7t sht Sl wet
EX @ i 268 Z7hseh F712H0A )l 34
H7RAE At ME7E S71eel wE EA% 4 F
7toll wigted zk EAEe 717347 28R FHF o)
Zo] EAT sl e BA# #7343 F7t
gto] 2golM B wie} Zro] 234N E 34 thel
H)ko] tl2F 10,0008 EAAL 7EXA "
SAEEAY AL HEL 7 AR Fig. 8ol
ERARITE 2AM M2 & J|3e ME g8 4R
#71& yehd}. Fig. 8(a),b)M e 73EFE D)
A FAGH @A 715)8 s SR )
FyelMel 8] BA7 At FAEE vnE vepy
Zth 9 Fig. 61M AR ARG T2 A2
AQTAH) 2H M FFHo2 g2 3hg Hole b
Haled ©9) WHF JAEE Wl FLNRAQA
o) SAZA Ao 52 oM gvd H3E
BoFT o]F AN FHT ZAE RAFT)
@9 BT 42 AAEEo] BEFH LR A Yehd
€ o] ledl, A7l 0.01 umel 7ol 7h 2
SN E NBEYRLAPIA, FAdERAM =
ZNHEYR olF FUAZIHR old FHolA ZA 1}
Ehdth 8 AR 3.0uml A$E she &
FAENA F271BA ool e &9 WHG YA
AFELL BT ¥IZEF FHEAN)NME Fg.
8(c) (el A vehd vhe} o] HIZRE EFshe T
QMY S ERFHe2 YehE yuA] FES
TREE el vaste AU @2 gg e
ARl F2e SHEFS 3F7) Y HEe me
A FF AsE 98 7 84, & A=), AF
2 2 29 B JAF 5] 9FE devh 9y
22 gz nie} o] YAt 2ol E HlEHH o] A

J. of Korean Institute of Fire Sci. & Eng., Vol. 21, No. 2, 2007



72

NA 1e-2 i i
g ~&— Rest. Mouth dp=0.01
~ ﬁ ~g~ Rest. Mouth dp=0.1
© 183 -—-4— Rest. Mouth dp=1.0 |——F
jod ~6— Rest. Mouth dp=3.0
< g/*e——e%eﬂ
€ red A o
2 4 ﬁﬁm:@ﬁ&
=
S tes; A 5 TV
©
©
b
W tes
I+]

Q2
[ ]

O te?

[ s 10 15 20
Number of Generation
(a)

7 1e2 t ;
g 2 ~~o—- Rest, Nose dp=0.01
= ~—g -« Rest. Nose dp=0.1
T t1e3 ~—&-~- Rest.Nosedp=10 [
2 ‘\ ~—-© - Rest Nose dp=3.0
< | P06 -0-00-6
€ [ & <4
3 b \)—( k“@

/ N

B g

: o e =52 S
= #. .
o 7 K/*aq»—s*efa——re’&“1.¢ﬁ‘&
B 4 \
s 4 \
W tes 0
8 )
]
0 1e7

o 5 10 15 20
Number of Generation

©

77 o

1e-2 f t

—0-- Lexe, Mouth dp=0.01
—@- Lexs. Mouth dp=0.1

2 —4- Lexe. Mouthdp=10 |—+
~o— Lexe. Mouth dp=3.0

)
&
BB -

1e-4

Tl T

Depo. Fraction / Surf. Area (cm2)

168 \&
1e-7
0 5 10 1 0
Number of Generation
N"‘ 12 1 t
g —©— texe. Nose dp=0.01
~ —a— Lexe. Nose dp=0.1
© 103 —a— Lexe Nosedp=10 }-—+F
[ \\‘ - Lexe. Nose dp=3.0
< [P
€ yeu ! Nodeo
83 AN
¢I=> r“'ﬁ‘n Q\ T
~ T ©
= ;A\ Q. Y
0 & Y -8 O--0-0.q
0 tes f - %o
= ~ \
‘é "*‘:.\Qﬂ-@.‘ N
L 108
=}
aQ
[
Q te7 -
° s 10 15 20
Number of Generation
(@)
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dp =01 pm, & dp = 1.0 pm, O dp = 3.0 pm.
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