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1. MAsH AHSI1E(Acceptable Indoor Air Quality)

IAQ= Indoor Air Quality®l &Ltz 'AHSIIA'0Ictd 201 = AL HUHEN S
g Xl 3, JIF, 8, &8 okEs sgM822 Hildsle S0HEM 220 =
THOIL A8 ZSAIH HUE2A HHE &HLI2l system(Building Ecology)@ 2 21Al, i
MEtD 2HE HZotde S&0 210 AT ASHRAE Standard 62—198901 EAIE U H
st AEJI9 Mot "HEXC FAS 80%% HUSDF HEMsS 24 D MES &8
dee Sol 3010 QLEES I HAFIHC 20 Foldtltn LSE SI1" 2 0lA2 88
Hleste BRHO JIE(QY8sT S WHHE HSdics FHHIES(HME) FIHX
25FE OHEOHOF ollOF stlt=2dg WESID UL AUWS)| 282 =2 I326HU, 3.5
g, 58 S2 Tddtl 0lds &8 X0l ZUHOZ= ANSEHEQ MAME HSHAIZICH o
CtAl BESH A 82 1 22H0 A= MEESUMA OIS MAXS0IL MAMMYH Ias
XD XHMO ZAHUM ZNO MAMME MG =M EHO 40 =0 AHZ S
AANM=E IAQ &I ZE AE2 =20t =10 [MetM YUt = A AT QUL
FIIQIEA 2 AUHSAN da&s == 21 Z2E AQEE IMMEE ZE TAS
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Table 1—1 Why study indoor air quality (IAQ)?

e Substantial environmental health risks
—~ most time spent indoors
— indoor pollutant sources(CO, Rn, VOCs, microbes)

e Human comfort and well—being
— workplace productivity (SBS symptoms)
— aesthetics of indoor environments(odors)

o Material damage concers
— cultural artifacts
— electronic equipment

e Energy cost of buildings
— example : in US, 38% of primary energy is used indoor
— ventilation, energy use, and |AQ are coupled
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me(SBS) =& Building Related liiness(BRI}Z 2¢l2(t. L& 2528 ziz 9dl
Heating, Ventilation and Air—Conditioning (HVAC) system0il Elel2I0f, SZ0l, MZ& &
DIME0! MESoIHAM JIE, A, I S8 RESIIT &,

2.2 Sick Building Syndrome(SBS) 2 Building Related lliness(BRI!)

"Sick Building Syndrome(SBS)" 0OlLI "Building Related lliness(BRI)" = Al 3JI12%

sSol= HEXMO E20=0I0H

2e JAQ ZAMNEH B2 2828 XAdtl Qe Sick Building Syndrome2 AW HFXIC
20%01&10] AL A2 4o SCE SAGHH HFLDIF HEAZH0 HIdoHH 2 SJI2
g0l SN A2AML LM s 0Xs S&s EFHs HOILF #2101 #EITIX
HOM LS MUHE Oy 4% 201X =0 SBS & SIHA grouplz2Z2 UHN
= ACH 1 9 otlhs Z20120! BtESot= ET 0l [t YMEI= sensory reaction22
=, O, 88 AIoHHU Jids8sS S0l %0 ARl Iie 20l UErHO. O
OtLt= systemic effects2 S &, IlE, I, 8 & 2ot HHBEAMNE 220, SBSY
202 e s Az B Md2IsE2 M2Adtl

A Olt= =S = Building
X

t=J 2 HOIE & 2301) &

LS
Related lllness= HZ=XCI 201 OI& MM LIEHLE

&
&
S
4"

oF &ol0] HED REE 4 U= HKRE 9l0Isttt. Ollli= Legionnaire's disease, Pontia
fever, DIRIA HE, HEDh 20 Hil 2490 @0l

ZHt2 2 <=UC. Ol B2 3=
X

g
£ PlolM= &2 ez U2 2= &
I\OH

E&0I AU XIX &0t sI=l= MU0 B8t

Ct. BRIDI £t R0ls SBSOt S ZMatD OOE Aasi 20 8o 852 A4otN
101 &tt.

2.3 Al - 42 BIILE

ANEEES A2 SJI2E0l 220 0IXle 20 ol 2 20 AXICH I 20 HZ0
Olkls 242 & 21 AN Rote A 20 0122 Environmental Protection Agency
(EPA)CH &t A0 CIGHHE Ch==0l Al QESE =TIt ARSIN(ADM v HAs 2-5
BHOAT =0 100HHKI Q& QU= A2z BNLIALE 0l 22 AIA2 EPAJL 20 =
st PR FE5F &8 130 LYl S TA(19944) 2 et LXIStD ULH datas O
chet 20

(BASE Study Environmental Measurements, EPA).
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Table 2—2 Classes of IAQ models

Conserved pollutants

reactive pollutants

(1) single chamber
(2) multiple chamber

{3) homogeneous
transformations

— steady—state well—mixed

— transient (reactors)

— variable parameters (4) surface interactions

(5) mixing time (6) computational fluid dynamics

e age of air/ventilation efficiency — largely unexplored

e computational fluid dynamics | — precedents in urban airshe| incomplete
modeling mixing

(4) EXAMPLE: INDOOR-OUTDOOR OZONE RELATIONSHIP

Outdoor/indoor ozone vs. time:

Scott Gallery (Pasadena, CA) 04 Nov 1984

160 —outdoor i
g - indoor / \\
o »
2 120 [ \
g R
o 80 /'
ira) iAN
B 49 Pl A
S 4 NN\
O [r=s Md/ \\V\
0 5 10 15 20
time (h)

Figure 2—2 Example : Indoor—outdoor ozone relationship




3. &2 Indoor Air Quality@Es2al

—1&8 3—1 National Institute of Occupational Safety and Health(NIOSH, 1984)Z Al A
<0l 1AQ EHi= OfcdJtXl Q0 CloH A& AL ESH ool BHNOZ HMI|E=
e QUM 2H 3719 HEZ - 55 - 25 S8 X068 Heating, Ventilation
and Air—Conditioning (HVAC) systemOiM HIZT&E 2&
CrotCh 2l e ZEE atshis2 g4 AFIMU i, Holg sistiE, a5k
Jeld ME S8 AES HXAMALD WIIMAM &

=

9 otU2 SHOIRAL. 0l 23

o

He 2o
g o ot 7|
Of AF BhEF A
PN
271 8H
19%

e 2o
R ]
ol 7|

e Ry
SRR

11%

oj 4 & dtel ~
2l ot & & o} ASXA F
5% Z M Fabric

4%
J8 3—-1 1AQ xg3E 2J(NIOSH Survey, 1984)

3.1 HVAC System (22X AIAE!)

HOE SMHM JtE 2 22 UEY 201 HVAC systemOICt. Ol ZZ2E M -
~E8 systemR A& - RES SIESSCE MAC 50%0H Eots 202 MR L

EtRtCE Ol NIOSH Z2utE 202 2 [ I L9 AKX, HVAC systemOiAM XictLt= Ol
M= S8 22A0tH HVAC system 23 2202 70 —75%8 XUXg 202 oIt

SRS #8) = A20) U ol LS AT 019 SIMOIL HIDIDF &
ol TINIGO0L oL SEX Rat NS, & FRE HAU system, damperd AR/
JHEDF BIZ2H 0120 XX &0t 28 &0 2012 S0l SIXl &0t At SI10F 250
2OLIDIIT BtCH AAHAl SISO MOF & 12g EHR Q) T2 ASHRAE 62—19890i
[tECH HVAC systemllM HIRZ= oS Jta 2 /292 XXMEE 242 Ot B U
AUASZO0I HRE2 SHES AAE” X0 ATH



H 3—1 HVACEHW Jolg 2l

THEaF & ol BT (%)
system&o] 22l
- 2XMHE QY 75
- UMM nEX 28 I 22 -
(supply ¥ return ZXI0 J12)
MO AHjato] 20!
- MOH2 O43EIXI &2 supply air 65
- 2X Y35 drain lines®t drain pans 60
- duct Lt duct lining%l HA&H 45
- Jt&JIC D& 20
SMAHSH 2tcldy 90
e 4 CESESES N 75
- G20 ¥ QEUME B} 60

air filter@ HAES Wa0IL, AMAEE 01210 Js=s 2
humidifiers, drain pan) S0 2HXIJt =
O HHAMEN EFTN ductlt fanlll &
HUzZ dASIJAHT &2 29 2| 3
= KHs2 M3IXI %= humidifier reservoirfil 201 D0 A= 22 HEE &2 JI2 &=
OIMES0! X2t AL &AM SIINARS M2t HXIDIE sl et HVAC22le A
st AME2, MES AJIODH wEollt AZ0 #IIHS =
drain pan(il 0| 23S N0 AA ZH NS0l YHMH HH SHI RELEE=Z 3
JHE 0L DIMEC =ZMMOUEE &I 0FSLt duct liner2 AIE%El= porous insulation2 &
I Aes L0 0201 Ktete 3410 2 E insulation@t 2= protective coverJt H

C

HAX A0l fibre glass particle0l SIS0 HCHLICH &Lt S HEH0 WHASO0H £
(2 2¥2 RLANIIZZ insulation AIE2 2AEs Fot &2t F&

3.2 UHRLEH

3.2.1 2| (Environmental Tobacco Smoke: ETS)
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3.4 Did=2d 24

Al SJ180 HOUALL dUHE2A00 20 298 223 JIMSH S3E virus,
2

Ni2(bacteria), S&0I(moulds), 2E allergyd =& (allergen), & ZEJ1(dust mite), &t
(polien), &£ EM(spores) S0 UL OIE2 2T &9 &2 AN 2O 12 USs
St 22 1 HA HAQl MM XMA -SED| HE, 2214 JE 2= HZEs) 2
S MM ASS 2OI|I|T Sl 01 LHMVES HA/MLMES M MM Cldl MG
S0 1 22 = MM et G2H LEHCH S8, 8201 32X 2¢ 232 01y
S4 QUASO MH2 SHOHH UM Ol ESXHO AAEAEHNE 2024 AL HE
S0 182 28X A= S2UMEFTAA0 As MBS0 2010 2 &80 =0= A
2 F3EXN ZEUHM B 20 AL Ol sJIRF0AM HIEE 2A0ICH 21 virusdt T2
HNE=TtE HEE JIsHE )| =80l 2 2te FME AW SB0M =H UEUDI 1e
OICH. =2 AFEY MEMUH FL EYO 9 30%JF HHAXQ 3 A= ~ASH &

ME Legionnaire's diseaselll ZEENH U
carpetAtE0] SHAM DIME HAN 02

R0l AMst RUME carpetOl ZZI=I|122 0l

o OF StCh. MZIZ0A gidt carpetll ZHA MK == Hi<

HiS = = carpet OIQI0IE 20t 018 S0l
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3.5 A=K
=2 8N, DHH, DEH, particle board ¥ &, carpet, dUSBESHM FT=2 LME
1 0lE 288 20l 2HdIEE HIZEst VOCs, 2&S0ILH

3.5.1 VOCs

SCE AN 2MEl= QESH2 s 20

H 3-2 AFTHUHAM 28T 2Hs3
2 5 XM g ME=s3
ML 2HM, IEM VOCs
particle board & &I VOCs, Urea Formaldehyde(UF)
carpet, BT, =02 TH VOCs
HOESH, w3, MHtie, Jt2 VOCs, 2&!

VOCsOll (H8l A= OFAlT XS0 UKL VOCssS ZUIoIEN 28 H3e 2EE 0F
ORI ACH O LIHAI VOCsstgtE20l tollM= Q"X 2ot 10ls= VOCsstg=E2
CHE VOCs2 Bt82 2231J] [H20 VOCsHl CHoll 2=tst RS WO (&Il [HEO0!
Ch. [2tM VOCs & & Il = Total VOC(TVOC)Jt MRILH

3.5.2 Radon

09 SAME2aE ERS0HA= 2t=(Radon: Rn—222) JtAsE XIHNMOZ HHMGl= YAl
I0I0f Radium:Ra—2260| HE2E MMSAOIC. 4= YBHO

3cIE, Uald, 2eh, X5, 22 S8 AFIMN 2 RS2, 2, AN

2 o220 ostd et=2o gsiE(Radon daughter)&

HE2 JIMOL OtY DIMIS X2 HO S0 BHIEL J12X0 S0 aMdsS HEGHI

20 HauMEs =010 ol EALt= 4l SAX0 dioh AEH0ILE =0 243 E HEY

(asbestos—induced or radon—induced lung cancer)2ME0| =Ch. &H= 0I20AM H

EHXtO| S 15%Jt tE &2 218 A0 BINTNH USCH EPAE UES LAZ2EZ BR

ot AUACH



3534 O™
FZ2 Uatd AFANZ HHEIY, MEH, AHE SO "z R0l M8TD ACH E£8F It
HEEZE, HIINE, USX, b S0l WSMO SYHMECZM OLSAH M8ZD A
012t 22 MEH0I SJI1F30 MBELER U2 OAME RS NEAM A H=H M

=
2ot MEHRBXN L&5H, IR, SEIIMEs 2230

ZI dRTHO BAES RY
asbestosis(MBHZ) £= HAS LMADIE &80 =2 AC2 UEIRCH 2t=k Ot
X2 ESAN MEL-EH o Az ¥ELN /& gaeds
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MZEH AER, AAH, HEM
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HAANY EM(MRUR)

RSP(Respirable Particulates)
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hydrocarbons)
ETS{(Environmental Tobacco
( =11/ k]
Smoke)
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4. IAQRE2Z X AHSAHN FSS == oA
4.1 ststMOILL
412 & &
2JIEM M CL= Ss822E2 =438 gaslt vapour&2 gaset 1 28 S8& 9o &8

S&88 0|81 ULt dust, fumes, mists, smoke= THILE XA
I U222 gas H vapourll= 2E XN Aerosol0le 821D UL

4.1.2.1 Gas
SO fluid=Z liquidU solid®2 BE0l Jisolld W=z Me= CO, F, H.S, CISO0ICH

4.1.2.2 Vapour
DEHIL atol dHElZ SHEN @UA=E HE Clolstl. AJl= 0.005umAEEOITE 2=
Trichloroethylene vapour, Carbontetra chloride vapour, gasoline vapour S0l 1Lt

4.1.2.3 Dust

SIIE0 OhlUe=s O X2 SAXINM SHMEOILE AEC &5, DE S0 AH0H, M,
2RI A HMSHH =2 0.1milM 25m0l0AM ZMStCH 01F 10mOlslel 282 8§49
5l "Respirable Suspended Particulate(RSP)"'2 £2/SM 10 — 0.5umAL0I2] & Xi= alveolilfl
05—-0.1mEXE2 SEM &M & TN 0.1wmm0ISt= alveolitf & =&

4.1.2.4 Fumes
LAY JIHAHZ
HELCH Olilse 2545

iron oxide fumeS0| UL.

2x(=2 RII12)01 =0 vapourdt 4G D 0140 25590 o
BtE 0l £BtEICH. AJI= 0.001um — 1umOlH lead oxidize fume

4.1.2.5 Mists

SI)IEW BRot1 A= WM sLE2=M IJl= 0.01 —10mBEOICH JIAI SETIN
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AL 22Xz 2H HdIE 22g £+ US8 FT2 S WUXIE I JASH IES
Jt&l electromagnetic radiation(& XtJ| AR ) I L XHEEHCl particle radiation(2 XHEHAFM
©=2 Ut&CE electromagnetic radiation2 7y —ray, X—rayS Z&totld UCH XL AISEN
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4.2.3 HI&cIEAA
HelgAM B0 0 20 HEE XY SAIMOZ2 Ultraviolet( XF2IA), JHAIZ M, Infra red(H
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3.2 WHOS Mg voce HIDX=
Formaldehyde(Formalin) 0.1 mg/m®%30&

Styrene 0.8 mg/m°/24h
Trichloroethylene 1 mg/m®/24h
Dichloromethane 3 mg/m®/24h
Tetrachloroethylene 5 mg/m®/24h
Toluen 8 mg/m®/24nh
4. Formalin
41 5

~ SEI SA : DNAZS, SUBI0|, SMHO0IA, wety
- gsisy 580 o &
- EPAE ZYIIsHSH(NR)Z I8 BI1O2 27

— & 1w : 0.4ppm
— &&= : 0.3ppm
— At 2 & 0.27ppm
— &EP=E : 0.23ppm

4.5 ALY BANHS
— AllY formalinsE : 0.16ppm (&% 2H0IWLH)
— Al formalins&E : 0.09ppm (&IF 2-54)
— ol H3BEH : 0.3—1ppm(M= )

t, MRAE  WHOADX C.1ppm =t BHS.
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8.2 X823 JIAIZ(NAE, HEH))

19984E 18 122H METIe XoIME3243) 22280 HMEANES H2% 220, 2
E TISHEAN & HEH 2000m0late] XstEaiote KiotMas2tBI2 2o T2t &0l
JIM3MHIE MAXISHHO0E St (HEH Hex Hi1g)

A3 A0 A0l T A= PMI00IEt 198748 7& 0I= EPANIM Lo EEREX
(TSP; Total Suspended Particle) JIES HXISD MEZ2 WIIAIIE(NAAQS; Nation
Ambient Air Quality Standard)S ZHSIHM S&HS HES2, SII9s&H X 20| 10u0] &t
ol 2Z&I(Particulate matters less than 10u#m as an aerodynamic diameter)E2M S &I
SOILL HYsS 2o3i= ME XM A0 &L,
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= = 3 8 J =
OHEH A DA (SO2) 1AI2F BEX 0.25ppm 08t
A M BHEEA(CO) 1AI2 B3 X 25ppm 0I5t
Ol AHSHEI 2 (NO,) 1AI2 ®ZX 0.15ppm 0I5t
Ol M2 XI(PM—10) 24N12t BRI 150m/m Ol &t
Ol AFSHEE A (COp) 1AI2E ®Z Xl 1000ppm Ol &t
ZE 28 S(HCHO) 24A12t WRX 0.1ppm Ol &t
= 24N2t WX 3ug/m 05

gl 10 XGHBIIEINES QM X(PM—10)0l KoM= 19998 128 312NXl= "24A2F B2 X 2508/ m
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Ml & Xota2t SJ1a D= e 3 11-110F 2Ct.
H 11-1 &4 ¥ Xst382 3128 JEH
. Xala2t N S22 S E=PIES 2I1x38!
g =2 IR HAA _
WASSAE 5 55 | NE7 A8 | I = | MUDIE
1504g/m' /A
300ug/m' /A - 0 m'/8h 50ug/m m*
o TSP — pug/mt /2 10mg/m'/ 15048/ 15018/
Xl | PM—1] 80ug/m' /S
- 15048/ /< - - -
0 | 150u/m/ e/
CO2 - 1000ppm/8h| 1000ppm | 5000ppm/8h| 1000ppm 1000ppm
9 8h
CO ppm/ 20ppm/8h 25ppm/h 50ppm/8h 10ppm 10ppm-—
25ppm/h
0.03ppm/<
SO, 0.14ppm/2 | 0.15p0pm/& | 0.25ppm/h | 2ppm/8h - -
0.25ppm/h
0.05ppm/d
NO, 0.08ppm/& | 0.15ppm/8h | 0.15ppm/8h| 3ppm/8h - -
0.15ppm/h
HCHO - 0.1ppm/< 0.1ppm/h 1ppm/8h - -
MO - 0.01M/cc - 0.2—2JM/cc - -
Pb 1.5ug/m' /38| 3Bug/m'/ Bug/m' /L | 50ug/m'/8h - —
Cu - 10ug/m /L - 1004g/m/8h - -
Hg - 2ug/m [ - 50ug/m*/8h - -
Cd - 2ug/m /Y - 50ug/m*/8h - -
Cr - 1.5ug/m/ - 5048/ m' /8h - -
As - 0.5ug/mt /& - 20048/ /8h - -
Rn - 4pCi/ £ - - - -
=25 - - - 30-32.2C 17-28C -
& - - - - 40—-70% 40~-70%
NF - - - - 0.5m/s 0.5m/s
P! - - - 75—750Lux | 100LuxOl&t -
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CONTAMINATION

ACTIVITY PARTICLES/CU. FT./MINUTE DESCRIPTION OF
.3 MICRONS & LARGER - ACTiVITY
100,000 MOTIONLESS -
EITHER SITTING OR
STANDING
500,000 'HANDS, ARMS,
NECK, TRUNK, &
HEAD MOTION
1,000,000 HANDS, ARMS,
TRUNK, NECK, &
HEAD- SOME FOOT
N\ MOTION
\>/’ 2,500,000 SITTING TO
N STANDING OR
VICE VERSA
5,000,000 WALKING 2.0 MPH
7,500,000 WALKING 3.5 MPH
10,000,000 WALKING 5.0 MPH
14-18
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6.1 VENTILATION RATE
PROCEDURE

v ACCEPTABLE OUTSIDE AIR
v OUTSIDE AIR TREATMENT
Vv VENTILATION RATES
v/ OUTSIDE AIR REDUCTION

BY TREATMENT
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MIXING CHAMBER 1 - &t 243t
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