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1. HVAC system: 42%
2. Furnishing: 209
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8o o E7 W A (Burton)

Chemical Contaminants and
Potential Sources

Formaldehyde (tobacco smoke, insulation, panelling, furnishings,
carpet, stay-pressed cloth, deodorizers, paper products)

Ozone  (photocopiers, electrical equipment, ozone generators,
electrostatic air cleaners)

NO2 (vehicles, gas heating and cooking, industrial processes)

CO2 (people density, flame operations)

Organic Chem (photocopiers, industrial processes, labs, new
furniture, furnishings, building materials, cleaning
materials, paint)

Allergens (pollen, fungi, bacteria, mold, mites, dust, ETS)

Fibers (insulation, fireproofing, equipment)

SOz (industrial processes)

CO2 (people, open flames, industrial processes, outdoor air,
malfunctioning heating equipment, vehicles)

ETS (tobacco smoke)



A At ohekA #

<]

il

°
pad

ol

o] A7E A

<7

]

-
>/

U

3

=

)
s

st

5

] A3

[«]

FA Yl o] ft

4x1

e

= O
=
=

7 &
A
g

WETW T o N W E
KE KO = R Jlo -
T T s
TTE Sk TER
N RO S T ook T N
mood ®A S T o wo=
S Se _ww T
z;orw @%Wﬂﬂwm
B oo < B oo = O ©
QEW iozw.ﬂ%
MMOE] %dﬂmq}oﬂ
o ™ K o g g~ 3
o B 5o g oo
woo B Ee B9 g
7 ™~ i
= M Mol o Eﬂu o o i 5
Wom N D mrgwamu.mmgm_%
mE T o) ofy N E (%w mO o
o MKy gy Mooy ® o o
T oo XN o =
e il g TG A
T X 70 W@HOME%‘_QEE
a W ow ek gkt gy E
ER @L4%ﬁﬂ ~
— 1 M RCH
] Gy ~ ok
HT,D_IJAIﬂﬁ ﬂﬂuﬂoﬁ o
= dﬂﬂiﬂﬂu_
o g To BoHH
o Mo o DE M xR
T B0 gy BT N x H T W
Inl elg_mﬁ 1:_,1 fo ™ o B
NN — N Ay o
Txwy NTewmxic o
JgEHyr T _om T
R A T
HT_ 1 T T 8 o oy X tn o XE o
" XM /Y T
-~ ¥ E a4 BN FETK

LA &l

(o)

Ly
[€]

EEEEE



s e

)

Ael] h

EE EY

3 BTS¢

5

¥ OSHAS 94

ojy

%

main stream % side stream 9w ¢17] & v} vH)HA}

<

<
T

R

o} A AHHNO2) ¥ AAHIHNO3)S

32 4 (NO2)

-
1.

BAA Tkl &7l

m ©
o] 3l

—_
o

A (CO)

A

3

=

_EH

Ho

3l 4]

)

T

2l

2 ZRHI(CO-Hb)5 3L, °]&

A

*

X

gl

o]

°©

o] A

=

3 ol
=

©71tt. CO-Hbo]

H

A7 8% e

KeN
=

R

FEAE Asta v

thAl = Aol A 9

sl

)

1]

2o



Abgre] 7h
rol 1 A

ke
T

= BARA AT
PE
16 %

A
|

=)

Fupol o,

°©

Hlolm 4 W

700 7R 9] Al A} EA ]
A A3 (NCRP)OI A w] =)

ol

=

=
=

A 24

S Cl

9_1:
3] =(HCHO)

5

]
A (UFFL urea formaldehyde foam insulation)%}

A4

=
[e=]
=

ur
s

A

]

I

o

HE < MH WS
o W oy HTE do i g
oim%cEwW ﬁﬂum
S G
zo EO ,.ﬂﬂ M.Mz OE Lf HT (m\
oMo 5w
XD O
TR ° 7
B 7 W e o MMM K
- T A e o
ialio,ﬁﬁu Aﬂ_ﬂ
” "NL -
Boop o o Eourow
T o = =T
w R N oy o mo
%ﬂmMmlNro @uﬂﬂ
HxoE o MW wm%ﬂ,
W g oo O T T
_ZT.C ’]Oﬂ Et&l
< 2 iy
iﬁwamﬁ, rANCE
=D gk RN
~ oF = hy TS
w o BT 7
N oE wr R 8
TP T T N8
R T Do -
= | o & ok zw
G oy ., F
R o
PowTen EEWT
N e B NN o
w0 bo oo T H o Rl



b

o4

-

1.

shaiel.

o
oAbt

3

[e]

fo] so] A4 2
o #7184

71)

<]

)

A=
HHe| 2] o},
A

A

P
)

-

1.

]_
SREL

<]

CEDIEER I

)

A
1,

*

AF] A
o JFAZA]

P

S 7 HH
5

el w7

=
[€]
7]

[e)

oL

(e}

=

o .

7] e, ofghE=

A9 (squamous cell carcinoma)
nlol e 2 HI7HF

3+& Legionnaire’s disease® W1 & 2]t}

[}

|
i)

1o

3

h:
8. 3IA §713355%4(VOC, Volatile Organic Compounds)

7. M AEFol, BHE o, XIHF, vpol ¥ X,

11970

_EH
ojy

), ARl ol %

-
1.

o]
A

X

IV. tdl 9] Ad&s7143 7+

FA
TE

)
%

1. =d Ad37]

glupete] Aug 7)ol o

o]

-

a7
Aol ohe} ol

—
o

™
&

Aol A 7t

=]
-

—
o

W
N



P

N
Ho

ﬁo
W

n A

SRR

12

o] A

o

@A A7 2000m’ ©]

|4 =2

A

R

oln
T

o
alo

X

o}
s

&

o
Nfo

s

o}
=
a
BH
o]

N
Ho

ol 14%F

77k o]t}



¥ 3 U AdFrd B W
7+ @7 o A A A S
sk ABFAAHERE A AE: gidew sty | A gE T
7B A tEelo] ol &3t EUER, Ui, 4| 2wy (1996)
A &-3-8 A @ =T ao ol RuxE AHS =
o)
A AT REY WEte] AXxw
A AED 53 ol RoEE A2 o
A FHA 71 2000m o] Al
¥ o A FAE FEE AkEFe] AAL
Aol A A=, T AT
o] A48 s
BARAR AWM 3000m oY AFAEH} Awd | FEAAAEH
BAZA=Z 2000m ol’del A=E=A 27) o]k & | (1999)
757 3 T AgHE ASE
N4 1HA o)) Tt
«AHA 2000m° ©)e B4
-AdA 2000m o) AFe] ApsHaE Y
(R &da 7t 3714 Ay Heuy A
A <)
1A skl ¥ AW (1967)
AT ABEY Jaoa A9 ‘o] Agg-od
AR 5 A 3
(1995)
B A AN
7] %7 (1992)
ek e
P o R e 7)o w3 A
A AdER (1990)
CEANAEAA T
994)
P o = S Y
of A3k 72 (1987)
cE A H =W (1979)
EER 2z AR B AT E #
Ak} or A = gk 3f= (1990)
AP B 137 3}




R

1

247 7¢

7]
1

b (20029 1€¥ 1)

o]

!
1999 124 31 74A

]_

o

]_

]_

S
S

7]
] 0.25 ppm ©]

R

] 3 pg/mt ]

+o]
taz, 20009 1€ 1€949 20019 12€ 3149 7HA]

o]

S

2] 0.1 ppm ©]

] 1000 ppm ©]

A 150 pg/m* ]

[e]

1)

1A
247 2¢
1A 7k
247 2¢
247 2¢

&

NNA7Es HARAPM-100] o

3714 7]

3|
<]

a4 (NO2)
n A A (PM-10)
kA (CO2)

gteba (CO)

]_
] 250 wg/m’ olFE A

o]

A

oFgt k2 (S0O2)
A

4, A
Q1A
@ (Pb)

°]
°]

=
A

Mo g " T T &
~ F =N oz
moom S @ 5
_EZ H O
=0 ™o <0
ﬂ.OlMu‘l_lﬂ ﬂo‘ﬂ EO’
— o .o X
N maﬂo @MW
_naumuu e 7W
o X v < ®
o O
=~ 0 w % B
T © T o U N
IS T O EW
\) f
Eﬁ% 1_,_A|1Lw_ M@ﬂom
= < (R R N
#Fe Ny N
MUY o T SN
ﬂvl;mﬂm. jﬂldﬂﬂLWﬂﬂﬁ_%w
- ) 0 o ellyi
® PEER ovedadg
w ZE o TG o LT
= N B o & T ol HW_ o — X
o Mo om - SUOS S MAW ) ok
— —~ 0 —_
I TReAT DR
E < =) ES Mo B o c Xop R o
R T B S, (L, S
o Nlmﬁﬁl NEﬂ.LAMﬁWHlﬂNro
S Te?® iy loew®
K I e SR
R N ﬁoﬂmaomeﬂﬂ&
JHL %\WHO# ‘mﬂio io\wAIiOﬂ_.\ﬂ\mE
B TR ER KT oo~
i~ EM% BowE g D
M aﬁem H B |
N ~ o

)

Ly
[€]

W #E, VOCs

s
1

)

Ly
[€]

CO:



(@]

£3 —

E <

. ~ =7
= A = N

. o} ﬂ/ﬁ do % KO U
als \.lﬂ_l o a o w;IL )
o ) < i e S wm B
I e o ) f gy = ~ o
Mo — ' 1 o ! o ) B
] jor X =) sl [0 - o ) K
= = = S ~ H o iR %u 3
O o° % S Mo N CHREY X ol 1=
P iy - ™ ﬂ R A " o
S = " o
i S Mo - ~ i
il - = RN - 3
o X 3 o ES =° L o ,LM« ~ wg
o2 ) © R SO
Xx_ = I~ = - E.E N Lo mlﬁ L0 KO oH
G S w i v B=g ®oE o
Ny X T oh > T —_ ~ o = o =
ot h zo T % T ~ ) & Ho o

o0 = X A~ ~ et ™ O B ° = ik N o
—_— oo 5 o _ %O & o ~ ~ "
R o o T HEQHWL%@r moaﬂelg% S kl
ﬂﬁw@ﬂﬂ mﬂHL Mﬂomw,ﬁo_*oﬁﬂl mﬂﬂnwéx_; wwm . R =
N Mo ) No & % = < o Wﬂ - = ML _ iy o g b -~
Eo W @ io ﬂ_OI o . = w ,A|o Nro io ,n_All oK o) 1mr ! o M,ul
o R o %mEoo1 mun>ﬂ T —

Mo @ s Ho S alo A z uj i 5 < X
et X < TS T S 5 éwma(;e 9 5P )
ééh 0N Aoqﬂmmm 3 QM.% MHW %0
- .- Mmm wmmvﬁTzz @ﬁﬂﬂﬂ 5 =

= oaﬂﬁq)ﬂﬁo_ﬁo@d. )
- 7ﬁ@§ﬂﬂﬁV7oﬂ NP n:/u7ﬂ
ﬁqzﬂ7§ﬁ ﬂ%MaﬂJ
T Tu <r io = oS "N N & 0
a < % 370 P T M_.E £ A]e
: s ﬂr No = ‘WM ™ oMo @n\m
. | f
o N o zﬂt
I Njo oo
Ho T
|



XK
™
)
ﬁo
7

38 7) 5
] 150 pg/m' ©]

3}

[

)

O

(-

~

244

H A A (PM-10)

]_

2] 1000 ppm ©]

gteba (CO)

<

Q1A

=l

)

127+

st (COn)

<

o]/\

55 40-70%, 717 0.5 m/sec, &% 100 Lux ©]

AT

K

it
i+

-

oF

Az o

g

AAegen Q

& A

AR A7 F #

4) =FR:

Z A7 A

rJ
o}

“AFAole}

g

alo

X

23!

o5l

A ge) A

. AL
XN

A7) &

=1
=

Ho
o



S

°©

g 057 H o

e

LI

il

°
pad

(6]

1.

717F 7}

s NFEEE 1)

o

ojy
Ho

1]

N
o
o}
H
gl

3
Br

B
_EH

]_

7

=

fsiz

FaAG Ay

]_

°©

]
H

o | = | e | O | =
W 2 |ls |2
Oomo
ERRG £
3,
y/cmypp
NP IS
~l | FlolK|—
NI
|
| B
T | &
LrO]
0| |

o el o

A}
1.

[e]

-
kel

el

-

.
T Utk

@A = Al

7k 3
3}

=

_ZTI



™
&

<
A1

ox

+

=

i
ojy

P

e

171 S8 v 222 A A

3|

& 3

alo

Nd

%
"
g
‘.n_ﬁmo

K

‘.n_ﬁmo

.
;oo

‘.n_ﬁmo

e 13 o]

w27}

-

Ao

3l =

)

N

K

tol 4

<]

o] 7VEo =

HAo = A

2. =& A7)
1) 37138 7|+

4

fo} AAAoz Belsh vk

S

ol

gk g el

e

j2)

ojy
NE
i

N
Ho

P

N
Ho
<
o)

e
~

—
o



3£ 7. WHO Air Quality Guidelines for Europe (WHO, revised 1996)

Substance

Guideline value

Averaging time

Carbon monoxide (CO)

Ozone (O3)
Nitrogen dioxide (NO2)

Sulphur dioxide (SOo)

Formaldehyde (HCHO)
Radon (Rn)

MMVF (RCF)

Lead (Pb)

3-6 X 10° /Bg/m’
1 X 10° (fiber/liter) ™

15 min
30 min
1 hour
8 hour

8 hour

1 hour
annual

10 min
24 hour
annual

30 min
UR/lifetime
UR/lifetime

annual

«UR/lifetime°] & FA =2 o

i
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2

a2

ol

7] S.AEAd & dst 7= (EPA, 2000)

Indoor Air Pollutant

Standard or Guidelines

Biological Contaminants

Carbon Dioxide (CQ2)

Carbon Monoxide (CO)

Dust (less than 10gm)

Environmental Tabacco
Smoke(ETS)

Lead (Pb)

Nitrogen Oxides (NO,
NO2)

Pesticides

Radon (Rn)

Volatile Organic
Chemicals (VOCs)

No standard

1000 ppm as the upper limit for occupied classrooms
(Recommend by ASHRAE Standard 62-1989)

50 ppm for 1-hour (OSHA standard for workers)
35 ppm for 1-hour (NIOSH)
9 ppm for 8-hour and 35 ppm for 1-hour (EPA)

50 pg/m' for 1-hour (EPA)
150  pg/m*  for 24-hour average and annual
average(EPA)

Many office building and areas of public assembly
have banned smoking indoors, or required specially
designatedsmoking areas with dedicated ventilation

system be available.

The Consumer Product Safety Commission has banned
lead in paint.

No standard in indoor air.
0.053 ppm as the average 24-hour for NO2 in outdoor
air. (ASHRAE and EPA)

No standard.
4 pCi/L (EPA)

No standard in non industrial settings.
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B ASHRAE 61-1989
- 190" HAarHv) e WA
1973: 5 cfm/person (CO; T % 2500 ppm o= F#])
1981: 5 cfm/person(F A 9), 20 cfm/person(5- %] 4)
1981 o] % 15 cfm/person (CO- 1000 ppm V| TFO. 2 f-3])
- 1909 S =HE 10)
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Primary steps

3o (B A, TATEA

Walkthrough survey
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Conclude the investigation:
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Start (reason for concem)

Initial walkthrough

m preparation

m visual inspection

w talk with occupants and staff

Do you have
an explanation
for the complaint ?

Yes

Collect additional
information about
& building occupants
m the HVAC system
m pollutant pathways
m pollutant sources
(sample contaminants if needed)

v

Develop one or more hypotheses
to explain the problem. Test by
manipulating building conditions
or exposure, or by performing
appropriate tests.

Do results
support your
hypothesis 2

Yes

Follow-up
validation

Ly

A
Is the
No problem Yes
solved ?
FIGURE 6-1:

Conducting an IAQ Investigation

Note: Outside assistance may be needed at any

point in the investigation, depending upon the

complexity of the problem, the skills available in-

house, time pressures, or other factors.

% 2. EPAS] AYFr|d A4 A

Make necessary
changes so that
the problem will
not recur.
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Hop Aot 23 A 9rks ZeE v 247 283 e AA
Al oAdE ZAsHY] s Ik 2= (general screening) 7]%% A&
she = daLgT)

23y Aol 2AE W F2AY] =g FrHHor Adkssly] 93
AT AMEAALA dod 5 vk 3 Akl AWE7] A=A (oA
EAL AW, o)ibglea, datses, TEAH S, AnAEE oF fBE, ¥
715 A=A, 3715 vAE)el A= ke wde] 7] xske] AlE
deor ~adys shes daska v

m oPHELR HAAE0-10 ppm)/E, 3, AFA=] g EHel g Frt

(silicone-caulking compound®] &34, WY x-ray developing “H]
o 377t AT o)
2 OSHA Standard

o] AFE Er A AwEg AAA0-2000 ppm) =¥ FE IR spectrometer
dgoz 74 2 Fuse 97y A48 Fs dA-s=d F8)
A et A Ae®: S48 AR A(2-200 ppm), d =524 CO =YH
EEEUs = Aved fdAH2-200 ppm)E, H, AFH=e e &9
AN BEA, A AA, 7, HEZA Sl A s WE)
AR E/0FE AT, B AFsta A5 S48 98 g3y
B (0.01-10 ppm) A&

=

T7E  YAEAD YAA T 7] (particle  counting meter)( < 2000

particles/cc)

u] A E: Colony—forming units/m”® (cfu/m)& 24T v Fr/lxoz %4

O

S 3EE Axgr, FFoly FAHASH VY FFol =2A
(fungus—spore) 3= 1000 - 100,000 cfu/m’e]t}. 299 X u= them

kit
- 1000 viable cfu/m’ of air
+ 1,000,000 fungi/g of dust or material

+ 100,000 bacteria or fungi/mL of stagnant water or slime



i 13 S dEde TE AAYLE
edEd APAQ Ay v Hy s
CO2 350 - 1000 ppm > 1000 ppm
A wrs g = 1 - 2 ppm si=9 9E
FELdY = 0.04 - 0.1 ppm > 0.1 ppm
CO 1 -5 ppm > 9 ppm
NO2 0.03 - 0.1 ppm > 0.05 ppm
& 0.01 - 0.02 ppm > 0.05 ppm
Rl < 0.075 mg/m’ (total) > 0.075 mg/m’
< 0.050 mg/m' (PM-10) > 0.050 mg/m’
Bioaerosols See Chapter 6
(Other Information
more important)
A < 0.01 fh/cc > 0.1 fb/cc
< 2 pg/m
= < 0.6 pCi/lit > 4 pCi/lit
ot A= Any detectable for

long periods of time

IR BAANE ANAL FEFEOE o] #hE 2 AF 2AE A

= =
sk ¢ Sl

**x ASHRAE 62-1989 : WHO Indoor Air Quality Research, Report 103, 1984,

EPA; "Concern” refers to health effects and/or comfort.
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=2 Aorsk "

pd [e}
oona I A Y Asd U
(Screening method) (Validated method)

AEg o] 2L 0-1000 Viable biogical sampler

(Bioaerosol)  cfu/m3

ojik&kEbA 0-2000 ppm  AAH, ALgHELFEFE Al o5 A H oW

A (IR spectrometer) GC/TCD(OHA
ID172)

IdAE A 2-50 ppm AARA, 252547 A Z A A W meter

EE4ds= 0.04-1 ppm AR H Cated XAD-2, GC/NPD
(OSHA-52)

Nitric oxide 0-25 ppm AR H# Triethanolamine tube
with oxidizer, Nitrogen
phsphorus detector
(OSHA ID190)

oj2kstA 4 0-5 ppm AR Triethanolamine-molecula
r sieve tube, IC (OSHA
ID182)

DAL EA 0-40,000 A4k H (Light

particles/cc scatering meter)(3.7)

off
2

to
i

i
rf

VOCs

OSHA Chemical Information Manual =

0-0.1 ppm

4 -200 pCi/L

AA &
Chemilumunecscent
meter

Radon cartrige,
Electrect

OSHA Chemical Information Manual =
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¥ TAQ TA9 o 9 AL 91§ AAe 2~E(Burton, 1993)

Checklist for Preventing and
Minimizing IAQ Problems

O Maintain the HVAC system in top working condition.
0 Provide a written operating and maintenance plan for HVAC systems.
O Specify building materials with low VOC emissions.

O Provide appropriate volumes of outside air.
0 Provide good distribution and mixing of supply air.
00 Specify furnishings and materials with low VOC emissions.

O Restrict smoking to areas with dedicated ventilation systems.
O Limit open shelving and other uses of pressed wood.
0 Use hard surface flooring and walls where possible.

0 Use lowest temperatures consistent with energy and comfort.
O Provide relative humidities of 30-50%.
O Use high efficiency filters (e.g., ASHRAE dust spot efficiency 50-70%)

O Involve and educate occupants

O Lower occupant densities

O Increase occupant control of environment (e.g., personal fans, more
thermostats, involvement in decisions.)

O Minimize exposure for those in stressful jobs.
O Involve professional assistance in IAQ problems.
0 Provide monitoring of systems, air quality.

O Eliminate standing or stagnant water.
0 Remove contaminated or emitting materials that cannot be controlled.
O Investigate bakeout for new buildings. .
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oAA) AARHBLE Sl AL AF L WS FHAUF CO ¥
%71 25000 ppmel Ath o] FAAAE 109 Bk 24000 1be] K3l o]akslErA
E 20FY. gE edusde WA kgl olatsterAE 1000 ppmo.
2 @F7] YA 7000 ft/min W] B o) BRI

Fo]) 10¥ &<k 24000 IbE AEIEZ 315 2400 b, 143kl 100 bE A%
El= EP?/}H o] kslEk A 7t WA E (emission rate)™ thed 2}

387 X AR&(bs) 387 X 100
q-= = = 14.0 ft’/min

MW X & 46 X 60

Qoa = = = 28,000 ft*/min

A ¥ (particle board) HAARES Y2 ALFHo| AX v ¥ & LT
TEE 005 ppm oA E A=Y Eag e dvilrl? (MW=30,
AW A=250 m® Ca=0.05 ppm, k(eff)=1.25 F3o] ¥ ELU 3= emission
factor=2000 - 25000 ug/day/m”

n &



x U}Fok3l 2} & 9] emission factors.

Emission Factors
Med. density fiberboard 0.7-2.3 HCHO  higher values are for
Hardwood plywood paneling 0.06-1.4 “ newer materials
Particleboard © 0.08-2.0 “
Urea-form. foam insulation 0.05-0.8 “
Softwood plywood 0.01-0.03 “
Paper products 0.01-0.03 “
Clothing ! 0.015-0.02 «“
Plywood 1.0 “ “new”
Silicone Caulk 13 TVOC < 10 hours
<2 «“ 10-100 hours
Floor adhesive 220 “ < 10 hours
<5 “ 10-100 hours
Floor wax 80 “ < 10 hours
<5 “ 10-100 hours
Wood stain 10 “ < 10 hours
<0.1 “ 10-100 hours
Polyurethane wood finish 9 “ < 10 hours
<0.1 “ 10-100 hours
Floor varnish or lacquer 1 “ < 10 hours
Particle board 0.2 “ 2 years old
Chipboard 0.1 “ unknown
Gypsum board 0.03 “ unknown
Wallpaper 0.1 “ unknown
Latex-backed carpet 0.15 4-PC one week old
0.08 4-PC two weeks old
Dry-cleaned clothes 1 PCE 0-1 day
0.5 PCE 1-2 days
Emissions data for sealants and caulks
Weight loss, fraction of original sample Hourstodry  Primary
Material 48 hrs completely _VOC
Butyl rubber 0.05 0.18 430 AliphaticHC
Acrylicemulsionlatex 0.05 0.12 -- TVOC
Silicone 0.02 0.04 480 Xylene
Styrene butadiene rubber  0.14-0.16 0.19-0.35 - 100-250 Aliph HC, Xylene
Neoprene blend 0.17 0.23 100 MEK, Xylene
Oleoresin 0.01 0.04 2,000 AliphaticHC
Polysulfide, one-part 0.01 0.06 4900  Toluene
Acrylicsolvent-based 0.03 0.14 1,000  Xylene
Asphaltic, one part 0.01 0.08 4,500  Petrol. HC
Neoprene, one part 0.18 033 214 Xylene
Polyurethane, one part 0.01 0.15 8300 Xylene

[ e S ) W N A ¥ R g ExavaTay = ran T o Y A



m CO; TAFS 183 1913 3] F(per person ventilation rate)

Qperson = S(t) / (Ceq—Co)
Qperson = 121 €71 F(m*/hr/person)
S(t) = CO; TAE (m'/hr)
Ceq= Fd¥ee CO: =
Co = 97|15 CO;, %

T B2 SEAE SAde dEs s akd CO: Eol HIEAH
of Red=s T2 &Y WEFEa S Aol el HE&d

7w 7lZe] 5 - 10 cfm/person W EHi} FHE0|

2 B33t ASHRAE 62-1989 (Ventilation Rate Procedure)
= =YY WAEAE sty 98 HA M EE 15 cfm/person &
Ao vpst AFFtel wEt Ha 9]y w"e dastar vk
koA o] &7 H 7 =S 1919 20 cfmelth TAQ #eEl& 93] 44
= : e 27E JQAYE FEA

Az QIAEE FEv ol4bsteAd] A% 1000 ppm, FArbsterio 4

S 0.005
Q = = = 715 L/sec = 15 cfm
Ceq - Co 0.0010 - 0.0003

Q =87 =(L/s)

Ceq=21W CO; & %(1000ppm=0.126=0.0010)
Co=9]7] CO:; ¥ %(300ppm, 0.03%, 0.0003)
G =CO; A E(0.005 L/sec)

* ASHRAE 62-1973 % 62-19812 H A 1919 B7]=& 5 cfm(25 L/sec)E
Akl o)A CO, EE 2500 ppml = H|WEO R {2317 98k Ao
o}



m 7] (F 7] A %)3] 4 (air changes per hour, ACH)
* 37| 2 (ventilation rate)s YERU S 32141 W

N=Q xX60/V

)
=

N =Q X 3600 /V

N = Aztg &7 2% sl4=(ACH)

Q = 7). ft"/min == m’/sec
=

Vo= FzHAA, 0 £E m

5o AE77F @75 g7 05 ACH(Z 7| 3159)W 83 59
sbar gtk a#u ol AL AlFA Ve b =+Ag At ofyT}. o
AL APAR FHEe AU FAE 7HA L A o oyd JE&
% 7] & (infilteration rate)o] °F 0.5 ACHeo|#t= 714l F-EHow A%}
g, XEEUs| =g 28 edEZHY gaAE dusEE S oF 3faL

HE et v&, D" AR, 5E7Ed 24 @rHE BA

o) AHRAE®S formaldehydeo| ™3t »=%7]%S 01 ppme= @Astar At}

gy dRAFOAE 0.1 ppm PR AE o] FA FAo

waskeivt g olwl Aol A Hitiezol 0.03 ppmel s FATE A

A#dAdol glot 0.045 ppmolAE Aol A Aoz HIHJY IH=
[e]

154
L2
-
oz I

2 XL = =EV]FS 0 =l
3= F G A(UFFDoA el X543 = =53 7123% Hi 0.12 ppm
oldth. AusB A ~dS TEAEIHE FEE 003 ppmoR W7 93]
ARgSTE, ol E AT 7 de 3IASES Yolob gttt UFFI sk
T-olA4 012 ppmol A 0.03 ppmo= XF7] 98 HAi 0.85 ACHS F 7w g

go] dad Aoz vebtl UFFI 827 WA 1400 ft°, AA=o] 8 ft,
AAA D] 11200 f°Y w, 0.85 ACHE =317 93] 97 &7)=S dvp=z



sl ok @77

= 160 CFM (or 75 L/sec)

N X V 0.85 x 11200 ft’
Q p— p—
60 60
Q = CFM( or L/sec)
N = 3 7] #%2&(ACH)
V=748 A4 F(EE m’)

60 =A17He Bow vty] 913 WaA s

m H71F 719 v&(%)

% OA = Tgra — Tma / Tra - Toa
=
% OA = Qoa / Qsa x 100
Tra=T8 3719 S2(AF2%)

m Tracer gad 7| ¥l 9

7}. Concentration-decay method

N=(nCi-InCa)/t

N = A g7 A58

Ci =AlgdAH e F47t~5 %
Ca =A@ 9] F47tns %

t = APz7]e AT R

IAZHA) R



s FAbeR A COE AT A9

In [Ci-Col] - In[Ca-Col
N:

hours

N = g7]3l/23F
Ci = £A&271¢ CO: 5%
Co = 97] C02 &%= (¢F 330 ppm)
Ca = ZAEEAF A CO: 5
hours = ZAZ7|9F FEA|HZF 4 HA7E

=N X V/ 60
= T7)4r%, cfm, N = 27| 3F/A1ZF V

I
(it
=
o
=
24
:lﬁ
=,

1}, Constant—-emission method

% 57

(Cra = Csa)
% OA = X 100
(Cra = Con)

Crat A3t
Csal &
Coa: 917]

|(return air)s CO: ¥ &%

=7
CO; 5=
C



= HVAC System ¥
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Basic Information Checklist for
HVAC Systems

Plans, drawings, specifications, changes
The type of system (VAV, Constant Volume)
Which rooms have windows which open?
Location of air intakes.
Location of AHUSs.
Percent OA.
How is OA percentage determined?
How are each of the following controlled (automatic,
manual, who, when, how)
Fans
OA Damper
RA, SA, fan dampers
Supply terminal dampers
Humidity
Temperature
Air distribution
Type of filtration
O Arrestance/Dust Spot Efficiency
O Filter maintenance
What is the maintenance program for each of the following (frequency,
how, who, when)
Fan components
Drive components
Filters
Drain pans, traps, valves, nozzles
Dampers
Controls
For return air systems (RA)
00 Location
O Plenum or duct
O Lining
For ducts
O Type
O Insulation (inside, outside, material)
O Inspection, cleaning, repair

OoOooOoono

oooooo



% v AEQ A3 (Burton, 1993)

CHECKLIST FOR REDUCING
MICROBIAL PROBLEMS

0 Prevent buildup of moisture in occupied spaces.

0 Prevent moisture collection in HYAC components.

0

Remove stagnant water and slime from mechanical
equipment.

Use steam for humidifying.

Avoid use of water sprays in HVAC systems.
Maintain relative humidity less than 70%.

Use filters with a 50-70% collection efficiency rating.

Find and discard microbial-damaged furnishings and equipment.
Remove room humidifiers.

Provide preventive maintenance

O o Op o o ga O4d

Provide pigeon screens on intakes and exhausts (this will prohibit the
contamination of the system by bird droppings, feathers, nesting
materials, food, and so forth.
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