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ABSTRACT: As Influenza A virus(HIN1) has been spreading more rapidly around globe, the
study on the airborne disease which is transimitted through the respiratory system is on the rise.
In this study, the multizone simulation of the public building against bioviolence is performed in
the case of unexpected spread of microbial contaminants, such as bioviolence agent , Influenza A,
Smallpox, B. anthrax and transport and control characteristics of above three kinds of bioviolence
agents are evaluted. Results suggest that Influenza A and Smallpox which has small mean diameter
can be more removable than B. anthrax by using high UVGI grade condition and B. anthrax which
has large mean diameter can be more removable than Influenza A and Smallpox by using high
filter grade condition. Results also suggest that installing a combined air treatment system is more
effective to reduce the damage and engineers will use immune building technology for removing

the bioviolence agents effectively.

Key words: Bioviolence agent("] A& #]| A1), Building bioviolence(A % v A% ¥ 7)) UVGI, ultra-
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Table 1 Bioviolence scenario

Scenario description

Bioviolence agents spray is installed
in the 1st floor-outside dry area for
outdoor air intake.

Scenario

@

Bioviolence agents spray is installed
in large space which is located on the
second floor, event or ceremony is
held sometimes and always crowded
with people.

Scenario

@

Bioviolence agents spray is installed
inside of the air handling unit which
1s located on each floor.

Scenario
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o] M= Aoz 7HgslAdtt H AFodE C; = 1.03A P, = 4Pa9] < AA
At olgA A E & Leakage area U2
22 &t AE =YY 2(2)e o3te] fAFE Wae] spwair”
AN AES FFIFAIER AT ~A Cb:LCdﬁ(APT)l/Q—n 2)
13%F0]ar, AW AL oF 35000 molt} 3 A=
A, ZTEHFdAE, A71A 2 VAR A E
Qi A AN Auha s e A @ oA Table 3 Airflow path of multizone model
M pAEe] Qny 7t Fo WWe 2 P T, Air flow [ oo Tleakage area | Area
sleld, #4%Rsk EeE TRy, P 5o pass (ai/m) | (m)
2 &% RAA e £E, v, A4 g Door |  General 031 L8
Table 2] LFEFNQITh Afemi AL A D) 7ho Ambt. ~Office 0.26 1.8
F2AL 25T, AW 2 MF2AE 1502 A Ambt. = Hall
ARge) F24Y T PALre vEs 2Rs Ambt. ~Core | 55 56
AARete] F2AA Wk opd Lol o) A CoreHall
3} A Alolo]| 7| Fo|Eo| WA E 2 35Tt Table Window | Ambt.~ Office 0.72 24
Table 2 Base source of multizone model
Office Lobby Toilet Core Hall
Floor/
Zone Area Temp. Area Temp. Area Temp. Area Temp. Area Temp.
(m*) () (m*) () (m') (C) (m*) () (m') (C)
B1 1386.825 25 180.05 25 33.7 15 1278 15 - -
1F 1130.25 25 672.75 25 90.9 15 192.3 15 - -
2F 671.2 25 752.8 25 59.4 15 233.05 15 742.5 25
3F 717.25 25 826.3 25 59.4 15 216.55 15 7425 25
4F 569.25 25 207.35 25 82.5 15 112.8 15 - -
5F~11F| 742.502 25 141.45 25 82.5 15 85.8 15 - -
12F 736.5 25 141.45 25 82.5 15 91.8 15 - -
13F 538.501 25 141.45 25 82.5 15 91.8 15 - -
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Table 4 Characteristics of Bioviolence agents

Bioviolence

Agents B.anthrax |Influenza A| Smallpox
Group Bacterial Virus Virus
Spore
Type Gram (+) RNA DNA
Incubation _
Period 2~3 Days | 2~3 Days
Biosafety |Risk Group |Risk Group|Risk Group
Level 2~3 2 4
Diameter | 4;g 0.098 0.224
(fm)
UVGI Rate
Constant 0.000031 0.00119 0.001528

e/ - s)

Table 5 Simulation conditions

Scenario | Bioviolence agents removal condition
@® none | MERV 12 +M[EJ:\P§XI 1126
@ none | MERV 12 +MI}}:\P;2}/I 1126
® | none | MERV 12 | MERY I




Bioviolence Agentsell W& AEU PlAEd L] T84 AAGt ek A+ 885

%‘—— =<

el AAEE Aow ST Astel 43
& A7) flske] o

Avtel ool vald g27] 4 Zol Be A A

AXEA] e ATE AR ikl FA45
e dlEst= MERV 12 5+ ZEHE AX 4

T, T35 dE S UVGI(AL A A d2)7E 2%
H A AR &0l HEH Ao )] Table 6
of AlEdeld =& vehilen, 8= 2429

FE7) QT Foll ARsheE o= M Al
Yol A7k F 24N e R sglon, 7 Ay
2]

ool Wk o7 9NRE MAYE A oF v
Q. g7o] WAEhE Ao sbgatelon oln )
A oo 524 AAWIe thate] ol

Kl
b

3. AlE2dlold &=t A

27 @, @, @9 Atele = AR 5
of 7bg wol B & g vEZHRel 3
dlol B2 AAshE A9 Avte e @ o

¥ TR
IR e 2

L 2 e

A T2V HEHE AA5HA OLE A5, T4
ZEel MERV 12 53¢ 2H= A 16 = A%
MERV 12 52 e UVGI 16 55+ 94
At A S RS Sl ety Q2
AT, 1E)al A 22w AR A A} Zﬂﬂﬂ
HELE doln gt}
Fig. 1> AYE 2 @A WA= AAE AEFF
Axtz & A AAzRA wE ASFdxe] ¥
32 el 2, Fig. 2, Fig. 32 Alvg e @9
Al s AAE AT AT eR & AeA
Az wE zhzhe] WstErs UER

Fig. 1914 1&Fq1zte] g0 = &l o] =32 g o]
F35le] gk m AR A A7 9AIE-E] 1041 7F
i 2F 9,000 CFU/m 7} “‘*ﬁo} i, 11A] o] %
3l < Fsk HAF

s

=
%EJEM ERV12 S%O A}% 3= 2

= 2" 2y FEe UVGL A
) A= 207 YRR A7
= et Fig 29 dd%Re)

10000

—u— None filter

8000 3 —o— Filter(MERV12)
—a— Filter(MERV12
+UVGI186)
6000 -]
4000 | -
]
\I
O\O\ \.\-
2000 O\O ~a_
o "m_
O~o__ O _
0 e B

Time(hour)

Number of Contaminant (CFU/m")

Fig. 1 Number of Influenza w.r.t. time

(scenario®?)).

10000

—m— None filter

L}
8000 —o— Filter(MERV12)
—a— Filter(MERV12
+UVGI16)
6000
4000 .
“m
o a
o\o\o\.\.
2000 ~  m
O\o\ -\.\.
O\O\o\o\.\'\-\
AN ~0~0—0_,
O'I'I‘I'I'I'I""'C')
2 4 6 8

Time(hour)

Number of Contaminant (CFU/m")

Fig. 2 Number of Smallpox w.r.t. time
(scenario®).

10000

—n— None filter

L] —o— Filter(MERV12)
8000 —a—Filter(MERV12
+UVGI16
6000 -
4000 -| -
I\.\.\
L}
2000 =
l\.\.
So_ T
O~o !
o ' . .\ 0 0—a-n

L UL L LR RS DL S L SR SR e |
o 2 4 6 8 10 12 14 16 18 20 22 24

Time(hour)

Number of Contaminant (CFU/m")

Fig. 3 Number of B.anthrax w.r.t. time

(scenario®?)).



886

ZA#E(dose)2 At Ao tfste] 7}
M3 S Hol= AZFdAe) HAFE 7]

2L

- ‘?‘
& A= vetllth Fig. 3014 &hA

fo
=3
roy =

goj~xgo] TS5 F3 vAE AA
EFAAe} vis=st A3oF e
AAZA FAA T4 ZHS MERV
AE 9} UVGL A 3A =
2N o A A =
|i= ghAate] itz o] oF
A7) wZe] ZHE §
folg wFEo g ket
Avreto 7 MERV ZE 9}

=
?l—a“l‘

LN
2 o
2
HOor
v

1__?_]_

A
ofo

O rﬂ
ofy

ojf
ol

el
&

NS 8ol

pod)

o

HU o ﬂll
o
Lo

v
g B
LAV ik
v
o

2,

RN e
o
e

Az}, AAF 1)
AL o F AdATt
e ¢} UVGIL A=
= AA ] tiste] AAE=
At

WA AP 5 dukele] 4 o] B
= gFIHEF)Ol do] 2z o] B8
2l Al @94 MERV ZH S+
1592 Urol 55 o1
T oaea gA o] Wl theo)
Fig. 4, Fig. 5° MERV Z ¥ % F 9l
2ol AT walekSs vehf ot
AAF= e 5go upg) Wslaol )|
Ao EbE L, vho] @ FA o] whAlEle] 24

A 1AFEHE & AAHA =R oz YEst
ol AEF AR HAF] Hat Aol 0.3 ymo]
otz - 2] ool Wk HSzsk A yEbd
il s dEsHodA e 2 2HEA Ee JleR
et Fig. 691 MERV ZE|5wol w& ghAt

AsRe] 3A3ko] Atk 124]e] A 9]

AAH = Aoz, dATS dHeHol =

A A= Aoz UERE

A el H Aol 1 o) oz JEF e}
| g oes 27] vl ZHeHol

e 7] wEom AT

. o=

o 2 i

Number of Contaminant (CFU/m") Number of Contaminant (CFU/m")

Number of Contaminant (CFU/m")

o2 g3ttt Fig. 7, Fig. 84 UVGI AL

10000

8000 —

6000 —
4000 +
2000

—o—MERV8
—a—MERVA1
—9—MERV13
—o—MERV15
NN
o Ny
N WW A:gsg\
O\O\ V\v\ :Eg:g: _
e S

Time(hour)

Fig. 4 Number of Influenza w.r.t. time

(scenario®).
10000
] —s—MERV6
2000 —o— MERVS
1 —a— MERV11
] —9—MERV13
—o—MERV15
6000
4000 -
N
] NN
ASE%
2000 RN
. A8y,
N, WV ~AB=m.
] oy Vg o A\E:ggg:g: _
od P M
Ol e e (i s S e S S ELE e )
0 2 4 6 8 10 12 14 16 18 20 22 24
Time(hour)

Fig. 5 Number of Smallpox w.r.t. time

(scenario®).
10000
—u—MERV6
2000 M —o—MERV8
T —A—MERV11
—v—MERV13
—o—MERV15

6000 o

4000 +

2000

0 2 ‘Il (Ii 8 1‘0
Time(hour)

Fig. 6 Number of B.anthrax w.r.t. time

(scenario®@).



Bioviolence Agentsell W& AEU PlAEd L] T84 AAGt ek A+ 887

= aEFAA9 A9TE o
A gAFE Ao e
kg sto] 2A17b0] Atk 11ARE = ZAlo] ol
155 wh2s) A A5

oo
r R

Q.
O
w0
e
2
‘& 3
—\%
o
33
i
FS.Tl

Ao AYste] 24 7] ]‘4 11’\]TE1 Z/‘}Eko] g
ofA et e AAEH = WSt A9 gl Ao E e
U"jr o= Ao A5 Witole} vpol 22l <l
Follpel Aol vls] iAo w At
EH?l Aol & wjiro® etk
Table 69 Hi=nle} o] nAE AAZ HAAF
(smallpox) & AH&3 739 &4 1A1F o] 59 24| 1F
o] o] A AINE YEFHATE A AAF G AL
oD, @, @d thafjx Fx7] HEE HdA|ek=

AN

& 49, 4% EH MERV 12 559 2H
= *éilé‘}% 2%, MERV 12 %%}94 A UVGL
16 5

o] &4+ (Bacillus anthrax)oﬂ of) 3l 4
Lee, et al.”e] AAn=z FA A<l
U & odde] dbghke i% ==

o M
< o

>
£
fo
N ©
f
L
u)

w

ox
o
N

o

§2 o2 <2£ OH

s
o,
o
1o,
ofy
oX,
off
i
o
1)

o
_|>_’,
b
lﬂi
rir

1o, on o = opok off O 2 Y
2
4z
Shd
ftlo
offt
o
&
—
—

o o
X
By
12
—
I~
S
9
S
=)

Lo * o
o

I
Ml o 12 ol o@ K T
N

N ao
i
N
i
ftlo

—
(
-

(D o=

tt

f
2
ofs
s
X,

L

L
o
5&
2
5o ©
Ir
Y
tlo

o

0
e

=2
o
>,
g 2
N
ol
fo
o2
off
k1
T
=
o
ol [
pay
rlo

Number of Contaminant (CFU/m") Number of Contaminant (CFU/m’)

Number of Contaminant (CFU/m")

10000

. —s—Dose=100
8000 —o— Dose=500
—a—Dose=1000
—v— Dose=2000
6000
4000
~u_
I\.
2000 | \O\O \\_
Sa \o\o e
v¥~iA\A\A o~ j.\""
0 T T T T T R T i

o
N
N
(o]
[e:]
o
N
Al
(o]
[e:]
N
o
N
N
N
N

Time(h)
Fig. 7 Number of Influenza w.r.t. time
(scenario®).
10000
—s— Dose=100
8000 —o— Dose=500
—2— Dose=1000
—v— Dose=2000
6000
4000 +
I
2000 o, AN ~u_
l\-\-
\A\A\Z\o\o\ \.:'\-».‘
0 T I T T l’_(lé_ﬁ"_‘(l’_‘_'L—[‘lmll_‘f
0 2 4 4 16 18 20 22 24
Tlme(h)
Fig. 8 Number of Smallpox w.r.t. time
(scenario®).
10000
—u—Dose=100
8000 —o— Dose=500
—2—Dose=1000
—v— Dose=2000
6000 +
4000 =
zk%%\
A
2000 N
e
\ng;se;
=Pt
0 p—fp—p—p—p— T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20 22 24
Time(h)

Fig. 9 Number of B.anthrax w.r.t. time

(scenario®).



888 old - X%
Table 6 Simulation results(CFU/m’)_smallpox
Scenario @ Scenario @ Scenario 3
Bioagents filtering condition Bioagents filtering condition Bioagents filtering condition
Floor/Zone | 1 MERV12 N{}E\I;Gvﬁg none MERV12 hﬁfgﬁ? none MERV12 I\%E\I;(E?;

1h 2h 1h 2h 1h 2h 1h 2h 1h 2h 1h 2h 1h 2h 1h 2h 1h 2h

Office | 2620 | 2920 | 1990 | 2140 | 0 0 0 0 0 0 0 0 0 0 0 0 0 0

BIF lobby | 2240 | 2810 | 1700 | 2080 | 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Toilet | 1930 | 2740 | 1470 | 2040 | 0O 0 0 0 0 0 0 0 0 0 0 0 0 0

Core | 2080 | 2780 | 1590 | 2060 | 0O 0 0 0 0 0 0 0 0 0 0 0 0 0

Office| 0 0 0 0 0 0 55 | 139 | 50 | 109 | 35 24 0 0 0 0 0 0

P lobby | 1 6 0 4 0 0 ]2160 | 1400 | 2120 | 1230 | 2020 | 728 0 0 0 0 0 0
Toilet | 1 5 0 4 0 0 ]2070 | 1470 | 2040 | 1310 | 1960 | 850 0 0 0 0 0 0

Core | 1880 | 2710 | 1430 | 2010 | 0 0 29 21 28 18 27 12 0 0 0 0 0 0

Office| 0 1 0 1 0 0 371 | 228 | 357 | 18 | 317 | 61 0 0 0 0 0 0

lobby | 8 29 6 22 0 0 | 8460 | 3470 | 8220 | 2850 | 7490 | 968 0 0 0 0 0 0

2F | Toilet| 7 27 5 20 0 0 19740 | 3620 | 9540 | 3030 | 8920 | 1230 | 0 0 0 0 0 0
Core | 1700 | 2630 | 1300 | 1960 | O 0 164 | 72 | 157 | 61 | 148 | 30 0 0 0 0 0 0

Hall 0 0 0 0 0 0 ]8600 | 3890 | 8260 | 3130 | 7190 | 760 0 0 0 0 0 0

Office| 0 0 0 0 0 0 33 54 31 42 21 8 0 0 0 0 0 0

lobby | 4 17 3 13 0 0 ]6260 | 3030 | 6040 | 2460 | 5350 | 773 0 0 0 0 0 0

3F | Toilet| 5 31 4 23 0 0 | 1890 | 2440 | 1720 | 1920 | 1180 | 362 0 0 0 0 0 0
Core | 1520 | 2550 | 1160 | 1910 | 0 0 202 | 109 | 193 | 91 | 177 | 40 0 0 0 0 0 0

Hall 0 0 0 0 0 0 11490 | 3280 | 1160 | 2510 | 57 | 121 0 0 0 0 0 0

Office| 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

AR lobby | 28 | 101 | 21 76 0 0 7 8 7 7 0 0 0 0 0 0 0 0
Toilet | 20 90 15 68 0 0 7 8 6 8 0 0 0 0 0 0 0 0

Core | 1350 | 2510 | 1040 | 1830 | 0 0 211 | 113 | 203 | 95 | 190 | 47 0 0 0 0 0 0

Office| 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

5P lobby | 34 | 129 | 26 93 0 0 10 11 10 10 0 0 0 0 0 0 0 0
Toilet| 26 | 118 | 20 39 0 0 9 11 8 10 0 0 0 0 0 0 0 0

Core | 1200 | 2450 | 917 | 1840 | O 0 217 | 117 | 209 | 100 | 199 | 545 0 0 0 0 0 0

Office| 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

6F lobby | 27 | 114 | 21 36 0 0 8 11 8 10 0 0 0 0 0 0 0 0
Toilet| 20 | 103 | 16 79 0 0 7 11 7 10 0 0 0 0 0 0 0 0

Core | 1020 | 2390 | 783 | 1790 | 0 0 217 | 123 | 210 | 107 | 201 | 64 0 0 0 0 0 0

Office| 0 2 0 1 0 0 0 0 0 0 0 0 | 7740 | 467 | 3670 | 139 | 40 2
TR lobby | 11 51 9 38 0 0 4 5 4 5 0 0 |8960| 669 | 5140 | 276 | 744 | 24
Toilet| 9 47 7 35 0 0 3 5 3 5 0 0 |12600] 992 | 7710 | 439 | 1320 | 43

Core | 829 | 2290 | 637 | 1730 | O 0 208 | 131 | 202 | 116 | 196 | 77 0 0 0 0 0 0

Office| 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

8F lobby | 15 36 11 65 0 0 6 9 6 9 0 0 0 0 0 0 0 0
Toilet | 11 77 8 58 0 0 5 9 4 9 0 0 0 0 0 0 0 0

Core | 640 | 2170 | 492 | 1640 | O 0 189 | 141 | 184 | 127 | 179 | 92 0 0 0 0 0 0

Office| 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

9 lobby | 10 72 8 55 0 0 4 9 4 8 0 0 0 0 0 0 0 0
’ Toilet| 7 64 5 49 0 0 3 8 3 8 0 0 0 0 0 0 0 0
Core | 452 | 1990 | 347 | 1510 | O 0 157 | 154 | 153 | 141 | 150 | 112 0 0 0 0 0 0

Office| 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

10F lobby 6 58 4 44 0 0 3 8 3 8 0 0 0 0 0 0 0 0
Toilet | 4 50 3 38 0 0 2 8 2 7 0 0 0 0 0 0 0 0

Core | 280 | 1730 | 215 | 1310| O 0 115 | 167 | 112 | 156 | 110 | 132 0 0 0 0 0 0
Office| 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

"r lob_by 2 41 2 32 0 0 2 7 1 7 0 0 0 0 0 0 0 0
Toilet | 1 35 1 27 0 0 1 6 1 6 0 0 0 0 0 0 0 0

Core | 140 | 1340 | 108 | 1020 | O 0 68 | 170 | 66 | 161 | 65 | 145 0 0 0 0 0 0

Office| 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1oF lobby 1 17 0 13 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Toilet| 0 13 0 10 0 0 0 3 0 3 0 0 0 0 0 0 0 0

Core | 42 | 725 | 32 | 554 0 0 24 | 129 | 23 | 124 | 23 | 117 0 0 0 0 0 0

Office| 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

13F lobby 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Toilet| 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Core | 5 169 4 129 0 0 3 42 3 40 3 39 0 0 0 0 0 0

14F| lobby | 0 11 0 9 0 0 0 4 0 3 0 0 0 0 0 0 0 0
15F| lobby | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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