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DEADLY BUSINESS asbestos disease victims
http://www.hazards.org/asbestos/

graphic illustrating ashestos exposure
http://www.ohiotoxicmold.com/asbestos.htm

M Exposure to asbestos is not an automatic death sentence. Many factors
determine health effects and how severe they will be.

Factors include: How many fibers entered the body * How long the exposure
* |f the material was inhaled or consumed in food or drink.

Fibers enter the body through
the nose and mouth by Esophagus
inhalation or from drinking. ! :
it 9 Cancer can develop from

Sy swallowing asbestos fibers
"N
Lt Heart
Pleural membrane . Blood flow to the lungs can
When scar tissue forms in be impaired and cause the
the pleural membrane, the heart to enlarge or fail.
tissue is unable to expand Larynx ——

and contract. Breathing can
become painful or

impossible. \ "
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Diaphragm —— L —
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Stomach
Intestines —

£
Swallowed asbestos

fibers build up and
may cause cancer

Blood
vessels
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Asbestos
fibers

Asbestos fibers in the alveoli
can cause cancer and prevent
exchange of oxygen and carbon
dioxide between the lungs and
red blood cells.
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INVISIBLE KILLER

Air pollution may not always be visible, but it can be deadly.
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Estimated annual deaths due to indoor and outdoor pollution
exposure(WHO, 2000)

Developed Developing
Developing countries (urban) countries (Urban)
countries (urban) 9% 7%

Developed

countries (rural) <X
1% ,,

23%

Developing

; Developed
countries (rural)

countries (Urban)
---------------------- ~  67% R ° . )
.‘ Total deaths 2.8 million

1
5 1
(indoor exposure) |



University of Washington that systematically measured health and its risk factors, including air pollution levels, for 188 countries between 1990 and 2013. The air pollution
research is led by researchers at the University of British Columbia and the Health Effects Institute.

Global Burden of Air Pollution

~ @™ Deaths from air pollution in 2013
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: Air pollution was responsible for 5.5 million deaths in 2013 !

N o e e e e TGRS S BRER BT RO o I 2013

Household air polluton
Causad by burming s
heating and coaking, including

Coal

Wead

olic) toasis for

Ambient alr pollution
Cansad by armasiana tram things live

China
Povrer generation 6%
b lrraly
Traneportation
Do Asiy

Agriculture

Jé'h
Qpen buming r

“http://www.healthdata.orgfinfographic/global-burden-air- pollutlon

Tource

Pt donnaa i ML) o o Ul g s on il bl cadipocaiive ol yamminal o SE0w b v wone s e il
o i -m}-,u i Ot ihcshonn ol aahnn 0 TS Sk b s TP RESNO TR g weriilu
Al ATER Thew (i ol

S T Ty S S T |l4 u;-‘u—wo‘ EISTRTERN TR S L CVIL S T
FIVFRRNESES i SOV S ) ,.,‘.'A.. R§

AR Tt S, IR AR TR

Ivaaism TOVL el aivioed il

= ”} l.l

10% of all deaths were from sir pollution in 2013
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GLOBAL AIR POLLUTION ISSUE

Join us in breathing life back into our cities and our planet at
BreathelLife2030.or

BREATHELIFE = e

CLEAN AIR

Clean air. Healthy future. B S2pLTON
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%21 EMEEVOCSEE RS NIBLEY(EL B 23 FEANAERZVOCSRIEEE

VEE S TSRS R E (ng/md)
Toluene » BHZE Toluene » EHZE 80

o-Xylene » - —FZE
Terpene (CyoH;) » K

Limonene » BR}EE (HEREIHAE) 30
n-Decane » Z&f5E-[N] 20
Benzene » & 10
1,3,5- Trimethy benzene » 1,3,5-=FHEF 5
m,p-Xylene » [&] » ¥f-— X 2
1,2,4-Trimethy benzene > 1,2,4-=EIE:ZE 1
1
1
1

n-Butanol » T E%-[n]
n-Hexane » BE.5&-[n]
p-Xylene » $f- _FZE

1,1,1-Trichlorothone » 1,1,1-=& 7%z
Undecane » +—¥&
0-Xylene » #F- _HZFE

n-Heptane » BE5E-[n]
m-Xylene » Ri-FZE

R22 EMEERE RAV10EVOCS(HBRREEF)
| SR
| Toluene » BB 39.7 22
| n-Decane » Z&¥5E-[n] 14.9 20
11,2,4-Trimethy benzene » 1,2,4-=FHEZR 0.56 18

%24 TVOC,BVHEF
TVOClOB’J%ﬂ

Toluene (EF|2(:)
Benzene (%

Nicotin (EET)

m
T

|n-Undecane » +—¥&-[n] 1.00 17 | Methoxyethoxyethanol (H,ZEZE)
|0-Xylene » #5-—HI% 23.0 16 Xylene ( ZHZ
|m-Xylene » - EH% 3.81 14 | Methylcyclohexane (EFEIRCET)

Hexane (%)
Tetradecane (PUZ%E)
Cyclobenzene (%38 )

Pentadecane ( HZ2¥5¢E) ’

40

| n-Propyl benzene » IFEZR-[n] 0.20 13
| Ethyl benzene » ZZ%-[n] 1.79 12
In-Nonane » F¥5-[n] 1.05 11
3ﬁ%Trimethyl benzene » 1,3,5-=FE:ZE 0.36 11




=25 ERINFATVOC K JREEfEE (Bernstein et al., 2008)
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FHE (formaldehyde) ~ T Z:fif(butyl ether) ~ Z&EER 2 )5E(vinyl  cyclohexane) ~ 2-F5 & (2-
propenoic acid) ~ PN __[i# (propylene glycol)

4-7KFELIR 7 )75 (4-Phenylcyclohexene) ~ fiiliE 7 k& s (vinyl acetate) ~ 7K 257 (styrene), + —fxfz
(dodecanol) ~ Z & (acetaldehyde)

5 (limonene) ~ £k J5E(isopentane) ~ F A fiE(isopropanol) ~ 7, — g T Fif(butoxyethanol)
1,4 —&7:(1,4 dichlorobenzene)

/.1 (acetic acid) ~ ./ (hexanal) ~ 2% (hexanoic acid) ~ [ i (pentanoic acid) - %%f5E(decane) \

FH iz (formaldehyde) - Z.fi%(acetaldehyde) ~ Zfi% | fi5(butylacetate) ~ E.f%(hexanal) ~ 3R
(cyclohexanone)

7 (toluene) ~ N _fi¥  (propylene  glycol) - 2 —fiZ(ethylene  glycol) ~ ;g T Hs(butyl
propionate) ~ FHEL A fiF(methyl propanol)

K Sd(styrene) ~ £ (ethylbenzene) ~ —FHZE(Xylene) ~ ZK(benzene) ~ 2- 2 KE-1-fE(2-
ethyl-1-hexanol)

K Sd(styrene) ~ |+ J5E(dodecane) ~ ZEA M (benzothiazole) ~ 2 2 & HE(vinyl acetate) ~
.5 (cyclohexane)

FHE (formaldehyde),  P9f%&HES (acrylonitrile), 2. fiZ(acetaldehyde), 3%J5E(decane), VU
(tetradecane)

Z&(naphthalene) ~ FHELMHEIZ R (methyl  pyrrolidinone) ~ 7€ Z k7 (styrene) ~ [ip4E(phenol) ~ 2 &
(hexanoic acid)

% (ethyl hexanoic acid) ~ 2%fiZ(decanol) ~ + —f#(dodecene) - FEfiZ(ethyl hexanol) ~ Z%
(Naphthalene)

T YR - A (limonene) - HHEGEE ~ (I TEIEHE A E A M s R PRI . B
WE L&Y BRI S, W ELEYE) - iR ERAIUE LS
(tetrachloroethylene) & fE3E F75 ~ BAGFLIR - Abdlam S TR FATRER . C12 2 C16HY e

a
| T P >
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(6.1)

Hrp oV, ANRMLEE (L) 5 R, © AEFTFRIMNRZ(L/s-person) 5 P, @ ZZREE) A R,
ZEFIFTERINAR (Lis-m?) & A, @ ZZRHIR TS - 22%1|22ASHRAE Standard 62.1(2010)0F
75 i/ N BRI E > 40 FFR6.3FT7R °

#%6.3 ASHRAE Standard 62.1(2007)0R05 7% 5%/ N3 JE R AR B

i 5 CRAFRRE (R | BEF S EE (R —— %#&jbﬂ%ﬂ T F

cfm/ 4 L/s-4 cfm/ft? L/sm? #/100 m? cfm/ 4 L/s-4

PR A

PES 7 R 5 2.5 0.06 0.3 5 17 8.5 1

EFw 5 2.5 0.06 0.3 30 7 3.5 1

KLy e 5 2.5 0.06 0.3 60 6 3.0 1

SRLY 5 2.5 0.06 0.3 10 11 55 1

KT &%

Fevaar (A3 4 k) 10 5 0.18 0.9 25 17 8.6

24 ;’E’:f}a‘a S 10 5 0.18 0.9 25 17 8.6

3% (5-84%) 10 5 0.12 0.6 25 15 7.4

xE (X3 9Kk) 10 5 0.12 0.6 35 13 6.7

% [y B

£z
=5
T o o e
% &




V,=0.95m/s

‘m)ﬁkm

V,=0.77m/s

¢=30cm

V,=0.64m/s

V:=0.35m/s

V;=0.28m/s

V=0.46m/s

[

PEEE © Q=XAV=0.07065(0.95+0.64+0.28+0.77+0.35+0.46)=0.244m3/s=878.4m3/hr

=R A ¢ FA=20X 15=300m?

A LA > RO R 7 A R P E e = (m3/hr) A
878.4/300=2.928m3/hr-m? < 15m3/hr-m?

BN EIRS -V T AR ERE (LA AR




N B = >

2 Be e el
- N - — =
{ - P y ~j= Vi<
— - ~J. )
k= LA

» For a sharp-edged orifice,
a vena contracta effect
occurs.

» The effect is the result of
the inability of the fluid to
turn the sharp 90° corner.

Typical flow patterns and
contraction  coefficients
for wvarious round exit
configuration.

The diameter of a fluid jet
Is often smaller than that
of the hole from which it
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(Microorganisms or biological aerosol) &7 5 E A3 » 7738w s B 54
{7 (ABT6. L2F ) » SOTEE T R A E 2 (8 A RIYBEISIR SR - BTk
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YT S P 2 R RV (U LR T - TR B G H 5 (1B BB R R (HB) K 8 -
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o EVE N EZEIEES(Colony forming unit, CFU)&EE B KA 8

(Too numerous to count, TNTC)HYETE -

- EENERREAVIREERE (the amount of debris) DISEEI B R EE B RS
(National Air Duct Cleaners Association, NADCA) E.ZZ Hl=t4E 3R » a8 A
75 5 7] Bl 2R B 22 22 & A (i FR AfF 9T Fir(National Institute for Occupational Safety
and Health, NIOSH 0500) 0.75mg/100cm?(/ {24
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Vor der Reiniqung

Grundmaterial

Y Schmutzschicht
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. : Abgelgster Schmutz

Nach der Reiniqung

Schmutz entfemnt
Moterial nicht beschadigt

e o Schmutz wird entsorgt
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(B AR5 ) (28)
12§ 9 68-69
10 £ 11 68-71

8 1 11 68-72
6 1 11 70-75
5 pg ek 13 72-75

| = % 5L E A BIEE S AR

3E C PM2.5 RABRAHAZHE | BEAZE ARSI E 55k 10 8 ~ 24 /) TR
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3 A 3 BB MAETRTFPM2.5 2
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6.4 ASHRAE Standard 52.2(1999)JR &8 &Rk

MERY FHAT 52, 1 RG4S R FER$E5I
TFAEERR | EEERE BRI ZZ R[5 34 JrE A B RR ] BEALE TR/ ZE R E AR
1 <20% <65% ¢ >10.0pmiHiz [RAEIRR R RS | ¢ PARREAY - —R(E ARS8 PR =UETE
2 <20% 65~700 |°*7EH)  8RUE OREE b ISR 0 EEE | A
RE - DR - 45 | RAEIEES o T 2EE C GRAY - BGEIEILE - BBEEM 2
3 <20% 70~75% Y - HIBSERYIELE PR EEAE -
4 <20% 75~~80% ¢ - AR E 2 IR ERARAT < SRR R4 -
5 <20% 80~85% | ¢3.0~10.0pmErR FHERAE - 8 |« BUEEYE © FHEE &25~125mm it 12
6 <20% 85000, | ¢ ME - T - IHEEERE FREAERE - T | G408 - DAESBEE » 8 Em A
GARRLE - PR - K | RIMFESAT W | B R—REMY -
7 25~30% >90% JEEE ~ RAMEEY - & | BRBFERD | EXERE - FHAS KPR B AEEER
. . & ~ gk ARG EI RSN -
8| 0T | 0% ¢ THRARBIEGE | — KRS TR -
9 40~45% >90% ¢ 1.0~ 3.0pmifir g EEEEEE - |+ SSUBIEYY « fORAHS 2 BB s S8k > DUfEsZ
10 50~550% S CRIEENE - IRSER | SHEEENKR 1597 CRM B 77 Ry TS ) 2 L8R4 - v fy6
BE - SNRE - MK - feEE . | BIRERE | ~125% 0 L55300~900mm -
11 60~65% >95% PREHERMRL - EERR ¢ SRURIRYE © RIEINRERIEEES 0 R R150~
B RS ) AR R XA HEE BT o
12 20~75% ~95% BB IRRHER 300mm - =] A 4VE Silofted 3 B/ IR E Ky et
13 80~90% >98% ¢ 0.3~1.0pmrfx BEERTRELR |« SEURIREE - HOKGRE 2 FEERSEMR - DARSE
14 90~ 95% >98% ¢ ﬁﬁﬁéﬁi‘l% ~ KE T BIERR gé * _‘ﬁgiﬁq N %ﬁﬁ(?@ﬁ%ﬂ%kyﬁ%ﬂﬂ)Zﬁ%ﬁi@iﬁéﬁ p=1
SRS ek (EE) « | TRREEEAE - | ~1248 ) £3%EK300~900mm o
15 >95% n/a REEHE - ASBES - | TEZE + SFVETELE © RSN EEIEES - FER150~
EamRE - FHEHEE 300mm » B[ {E FI4KE Blofted B BEi1EHE RB 7 ©
16 n/a n/a B~ Abd
17 n/a n/a ¢ <0.3umiir & fEREZ ~ T | HEPAJ/ULPAEE4E -
18 n/a n/a EEEEE)  EE S E  |PE - BERLG [IEST type F:jR0.1~0.2 p mif&ZEMEERCR
B - FTAMAEZ 1B - R | EE - 2R >99.999% -
19 n/a n/a BETEY) BRI |vIEST  type D03 p mEK I EERCE
>99.999% -
iﬁ 0 n/a nia v IEST type C : J720.3umiir{& 2 3 e = 99.99% -
+ IEST type A : Jj20.3umii & 23 BERIER = 99.97% ¢




¢ UVGIRHGE S RURE Z Bl

+ UVGI 2445 & 5 SRS # (L R ITE B S S S B > S0 R M Bt P T SR
E WL - 20014E91L Sk % » B4 M FESTEE] | HOE(S ((anthrax. mailing) | T8 -
BRI » B T (RSB HEEE 6 AR HEEE » Gy ESERs i (immune building technology)
P2 S B R R R - AR, - DR UGBS A - BB B AT B T 1T
HERR AR5 £ 577 2% (USACE, 2001) -

* UVGIRMGE &m0t URA bR o e e s EHVIE] » (e BBy F > &
o B T R IR (NS - BFE  EEEREE - B2 MIZ2 58 T2 Ei 2 & (American
Society of Heating, Refrigerating and Air-Conditioning Engineers, ASHRAE)f4m=1HY 2011
ASHRAE HANDBOOK- HVAC Application (SI)-Chapter 60 Ultraviolet Air and Surface
Treatment (TC 2.9, Ultraviolet Air and Surface Treatment) ; (ASHRAE Technical Committees,
2011) ; B EIMEEEE (International Ultraviolet Association, IUVA)ER4EETHY T Guideline for
Design and Installation of UVGI In-Duct Air Disinfection Systems (IUVA Draft Guideline lUVA-
GO03A-2005) | (IUVA, 2005) ; =EFEE T2 Z(B% (United States Army Corps of Engineers,
USACE) fr4@zTHY ' Protecting buildings and their occupants from airborne hazards (T1 853-01) |
(USACE, 2001) : EEE G EFG S S 52T 812 (Defense Advanced Research Projects
Agency, DARPA)FTHEH Y " DARPA’s Immune Building Program (021029 AA_ColPro 2002) |
(DARPA, 2002) ; DLKSEEIAIr & Water AE]Figwa]HY " UVGI for Cooling Coil Disinfection,
Air Treatment, and Hospital Infection Control ; (Kowalski, 2011)% -

* [E6.35~[E6. 38R R UVGI R GTER Z s =\ °
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¢ FREEER (Batfle)ysesT BB T4 E L - MBI MO E #4 - 2008 ; Parka, 2004)
A BA 0 T T T [m1 SRAT (Normal - flow) By e (A T BT IEse Ay 28 U A Ry ZK SRR AR (Horizontal wind
deflector) - 1frj BF L1 EREL R AH U (Tangential flow) & {5 T (SRR (A1 T SR D) AT s B 250 VIR sy
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& E—7f TREOSINEKFEERM | % 0 thEr T ENEKEERM 2B OE  » BEEER
M (4~ 144cm) Y438 (U1 R16.41) » 1] AR R = N ZE /I F R (Air change rate, ACH)IE /4
~230%(U1[&E6.42) - NMES5EE A HEERHFESS XT%EE@ Sy A D) Ry 5 e ZRHT R -

S (F) 1 2 3 4 s [ 16 | 36
EEFEED (em) 72 48 36 18 9 4 |0 (EBEF
fFaE TRAFEAMETEHE

EG 41 REKPFEEBRRERE
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E W 1.0ms
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i[5 6.44F7~(Yilmaz, 2003; P fH » 2007) - ,,
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R1.2 ZERBAFBMENGHERIIAE

ZESRIE AR E TSR ERRTIRE (2]~ 7T, 2000a]

TET R X KiIA T54Y SR AS WEY)
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Enjoy clean fresh air after installing EA-001 VENTILATOR
High-Tech soundproof air cleaning device
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Shade

Semi-shade

Bright
but sunless

Some direct
sunlight

Sunny window

HE MY
HENE, Lk, HixRE,
TR BT 2 of
s FHENE, #ekinE, TREMmeE
STIEAER or .
(LB, \ALE, K8
EEE PR B g
BTEARERE P o '
ZHE, mEk
R, 2%, B, (17,
BERER Pa B B, FEMBALTE, ERL,
i3
IEEY), 5, NEE,
R EEER AT, (WAR, HKIFBER,

BARFY
E73 EEZERNNERESEESZEY)




i%? 4 TE%I’SI%%EF'EE&

1 HTTEE R 1,863

2 AL 1,454 2
3 EELEHREEE 1,385 3
4 Tree 1,361 4
5  EHEMT 1,350 5
6 R 1,120 6
7 TR 940 7
8 HEST 939 8
9 =+ 938 9
10 T BEEHFHEMA 938 10

F 4 k& : Wolverton, B. C. and J. Wolverton. 1993. Interiorscape 11(4):17.

75 —Hf_zmm&m

FEMZ
%1t
HET
BRERITES
AP AT
LB
FeFEnd
(g3
SR fEHA R
(=S

4,485
3,205
1,725
1,629
1,420
1,264
1,196
1,082
604
579



i%‘? 6 —IFEEEP‘SIMB#:%Z.)%M R1.7 AEENRERZRRER

S

FEMZ 1,622 E=yiin
2 AETTEE 1,137 2 b /e 610
3 ST 1,127 3 AR & 341
4 (g3 764 4 ABTTE 333
5  EHHEMT 688 5 i 325
6 PRARTTAE 573 6 HET 325
7 HPBEEFEmA 421 7 HEEE R 323
8 FEFERE 405 8 HRERTTRE 295
9 R 298 9 KHEBFE 276
1 FEMNH 1,622 10 H D 5 HE S 274

7 %R : Wolverton, B. C. A. Johnson and K. Bounds. 1989. M %k &R : Wolverton, B. C. and J. Wolver 1993.
NASA/ALCA Final report. Interiorscape 11(4):18. .
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v .
1 o B dT T 1,863
2 qi 1,454
3 Bl e f 1,385
4 T B 1,361
S Z @2 RS 1,350
6 V5% 1,120
7 4% 940
8 v EgE 939
9 ¥ S 938
10 POSEA A 7}%1‘ 938
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8-3 EHMEMEAOJTRINE
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