A 101 54 "“\}i-& i

@%%—%—%a 141 E—E—%}tﬂ% =
A Measurement of Formaldehyde and Volatile Organic

Compounds in Newly-Constructed Apartment Houses.

2004 6€



NS5 TYo Ao EFLHI=
2 ARy fU1sHE S4AT
A Measurement of Formaldehyde and Volatile Organic

Compounds in Newly-Constructed Apartment Houses.

o] =ES A

£

9 =Roz &3,

2004 64



2 2A0A3.

CRGDE

A4

A4

A<

A4}

"K

Tor

o

2004 6



B

oy wm

Moo

— M © O

Iz
- 1

jai]
=

1.1 A7

TR

jang
K
oo

gl

1.3 A2 ¥4
1.4 =<

5

gl

-

KU
~

M

0l
&l

Kl

OHU
30

D
[0

2

<

o gk
=

[eZ]
=

of

2.1 Ay37]

12
12
14
19
19
93
98
98

)

)

]

A Aol )

)= e
=

2.2.2 A 7135k gHE(VOCs)
2.3 =] Auieriede dyAA 2 - v+

231 =die] Aulerid A A

232 =dle] AulE7]

A7) o) s}t

=
=

24 4

Tl
o0
R0
KIr

i

N



313 27713 (VOCs) &AW

EAAA D) S8

327

N

oo
<N

=

ol

Hr
2

-

0.

R0
o)

~
R0

47
51
53
56
63
63
65
68

_

B!
put

;é!

put

2ol

X

;é!
o
w

o
Ho

44 71

45 AFolste, 7] Eo}st

Ho

ey
G
1
Ho
o
i
alal
BH

N
Ho

47 27174d¥ 7}

7
79
83
-84

InN

JJo

0

=K
53!
oh

o

X
XO
ol

—

<

z]f

—

2 TVOC

EELUs =

44 o)

=
=

54 Wi A

89

89
9]

w
i)

Ho

—

Y
A
ajal
o]

Ho

<0

6.2 Aunkgt Aol w
6.3 Bake-Outol o}

94
g7

)

o
X

-



6.5 AL AL AW F7] 2T EA A ZFHFOE e 100

I 7 Z Z B s 103
FE L B T] e 106
:.—11- “.,":"__ 3= % .................................................................................................................... 110
ABSTRACT .................................................................................................................. 113
B Z[VOCs BA FEUFEZF] e 115

- -



<3

=5}

K

A

K

a1

K

i

K

AL

SIS

i

K

A

K

a1

=51

K

A

K

a1

K

i

K

AL

SIS

i

K

ar

K

a1

=51

K

A

K

a1

K

i

K

ar

SIS

i

K

ar

K

a1

=51

K

ar

K

a1

<3

|

21>
2.2>
2.3>
24>
2.5>
2.6>
2.7>
2.8>
2.9>
2.10>
211>
212>
2.13>
3.1>
41>
4.2>
4.3>
44>
4.5>
4.6>
47>
4.8>
49>
410>
411>
412>
413>
414>
415>
416>
417>
418>

kH
o
>h

AU QAT Z O] HFAPQ]  cereeesseesssesisssess st 10
WHOSH EUIA A3 Aug7]ede F2 ed8as g w1l
E%%H]E]E(HCHO)QJ ?ljﬂ _?,]—gﬁ/\é ......................................................... 14
) 28743 TO-14ANA TFAE FA VOCS swreererrmrmrermrmereseninneeenenn, 16
Ao A FAEE VOCs EZ T HFEAP QY e 18
AZAE Y AZoA] HFES T VOUS e, 18
{.11LH /é]LH%"7]7é] T&E]O]j}_?_ @:]_:5‘6]— ................................................................ 20
iLLHg] /‘%,JLH—TO'—ﬂ;ﬂ__@(IAQ) 7]% .................................................................. 25
9o F9 7P AT 7S (TAQ) 7]T wererererrerrressessnnsinsinieneans 2%
SCANVACSY EE2AHZ)E U TVOC FHET]|SE e 27
A% FAFY] FFEE F2Q A B e 29
FQ AZAAY HZ QG E A s 30
AZA 0] ©AEA HFZEA] e 32
JASS] BTFO] HCHO 7] 55 sereereeressesssssssesssssssssssssississisiisi s 44
AT ZFEG 28 J]] Q. crverrrrrererrrerinisi s 47
ZAYNA FEZFEY AZ Z7] 48
NEZFeFHd(olFdE)S AL AEZ S AT} e, 48
ZAUA FEFEY A 7] 51
NZZEZEO] A O AEA ZAZ T} s 51
7| Z BEFENO] AlZE Z ] e 54
71E olFEQ AYZ7 QL AEA ZA AT} e 54
/“ﬂ 7@11;_]_21.94 _\T_%’_%}H]glg_ %:L:_ l:l]j!_ ........................................................ 56
Al ZEEZEO] TVOC 35 IE H] T ceverrereeensemisemeniesiseiesiesiieie e 57
,(-” Z}jha—zl-_o,] uﬂ;ﬂ] %:_IJ:_ H]jf_ ...................................................................... 58
/q] 7](411;_]_2_]._04 %;o‘ﬂ %:_1]:_ }j]jr_ .................................................................. 59
A A HZEY] Al B IE H] T ceeerereerereeeie 59
Al Z}jha—zl-_o,] A T H] DL ceeerrrrerrerrtst 60
/q] 7](411;_]_2_]._04 i%;ﬂ_] %:_1]:_ }j]jr_ .................................................................. 61
A AHZEY] Y EZ A B IE H] T et 61
=22 A} QI AEIO] AZ JQ e 63
A zF wWE A SAEAY T B AT 64
=2 hAF QU] AEIO] A2 JQ e 65



63
68
70

=

25

419> &4 o g4 9

25
V

T)VEFR] T QL weereeeeesseessees et

gl

4.20>
421>

it

<
<

714w 7he

-
it

79
.83

G
Nd

3!
o}
o

I

1BH

25
\Y4

A7
A4 €]

53> 1

it

<
<

85
91
91

54> A=

-
it

=
fall

R0
K

ol
il
<

=]

<0
R0
KIr

P
V



(23 1.1) GATEE] BB IE s 5
(29 21) AU AT} FBHEA 0 Q01RO HFE e 29
(18 22) €/&5% W3l WE HCHO WS35 HIBF v 31
(723 31) ZEAU BT A BAZ] 7] oo 34
(718 3.2) A G 7| FFE A TR Z] 7] orereererreerrenenieen e 34
(728 33) A& AL 2FTF F I 34
(2% 3.4) 32T 28] Q] R|  ceeererrrrerire 35
(T1F 35) AlZ B T corerereeree 35
(27 3.6) ALEANZ] HFE s 35
(29 37 24-DNPH 7FEZA (Supelco, US.A)9 2F Z=FF8(Waters,
TULSLAL) ooersenmtstneit bbb e 37
(713 3.8) DNPH f-IE A B HE-Z cerereeereneninenesiein ettt 37
(18 39) S AANITZULE T T (HPLC) eeeeemerremeremeseseeeseinseis 37
(717 310) ZEDQUFE 0] AE A T T} s 39
(29 311) EFEAY FAZUFE 13 e 39
(7218 312) SAHAMZY] FRUFE I oo 40
(1%1 3.13) Tenax HE (SUPELCO, USA)  weeererermrmsnreniini 41
(728 314) 7| A ZUFE LT T (GC) rrereerrerressseerssssssssssssssssssssssssssssssssssssssssssssssssas 49
(1% 4.15) /\151_0]_‘4.15_4 J.EOLT;ﬂ o]E %zé ﬁE_Tq_ ................................................... 49
(298 4.16) 2A1Z0}TE Q] TVOC A Z T crerrerrerrrmmnisintniisiiin 50
(19 4.17) 2 io}g].E 9] VOCs BE-9] HBA A} oo 50
(28 4.18) Al=o ] Ado] TEAUUTE 2 ZI| v 52
(18 4.19) /1\_]_?9_,4/\@4 TVOC ZF Z I ceerrrreriniiiiie 52
(j_laj] 4.20) }dg;_g_j] '4 VOCs {5050 T,li_ngl 7‘:,31]_ .............................................. 53
(28 421) 71€ 559 Ax W FR 2] A AFH] A ] wreereerreseenenieennenns 53
(719 4.22) 71F o}FEQ FEUH BT E I o 55
(T2F 4.23) 7] OFTFE Y TVOC JEIE rrerrerrrrrersimtneiiisisisiisisi s 55
(18 424) 71 o}FE Q] G7FA] VOCS B IE  coerreremrmermimieie s 56
(719 425) Al AE7Ee] T2 EE BT H] T o 57
(29 426) A AL TVOC B IE H I cereeererrrerereesssesesessse 58
(1% 4.27) /ﬂ] 7&1}]_—2_]—94 WA =5 l:l]j!_ ..................................................................... 58
(:L\jﬁ] 4.28) A {]Q—Z_]—Q] EZq ¥ H]ﬂ ................................................................. 59

_ Vi_



60
60
62
63

J T

as
jas
jas
@3
=44

q
q
i
A
A

64
65
66
66
67

—_—— —

67].74] VOCs %Etﬂi}

=
—

Rk e
AEEE

e
o

o

=0

69
69
70

ﬁo

w
1
Ho
il
To
ol
]
1
ijl

71

TVOC

=
o

7bs o Fol

7IAA

e e e e e e e e e e e N

73

73

4

4

AV ELH FE 3] (127] A]ELELEE) oo

75
75
76

76

76

A~ N N o~ o~ A~ o~ o~ o~

76

77
77
77

78

=

78
78

80

81

81

19] VOCS A7 58] crorerrrermemssesesissisesissssissssssssssssssssseees

]_%oﬂ 1;%—7“ Zé]\:_}-

g

B A=

=)
=

82

=]

82

A~ o~ N o~ o~ o~ N o~ o~ o~ o~

Y Y Y Y Y O Y Y Y O

— Vll_



5.22) FEFE0ll HEA] AT s 82
5.23) S B]THo]] IE I o s ]3
5.24) B 0f] A X] «reerererermrmeisisiii s 83
525) A 2 vjUuldy TE2YE| = HFEAIE] AT} e 36
526) 2 2 nldnlgtd TVOC HEAE AT} e 36
527) BAAE ZEAYF|E WEAE AI 87
5.28) tg';q zﬂg TVOC HA—%/\]@ 2’4_34' ............................................................. 7
5.29) qul/g—xﬂg_ T EodY 3= H(}%/\]% 7534 ............................................... 88
530) AAAE TVOC HEZAE AT v 88
6.1) A7) do GG B X QIR creerereermreiniiei 89
6.2) aFAld W2 UiA o9 Aol ZTEUUBFE WS AT e 92
6.3) a2 A o wWE A S FAEe] TVOC WEZA I} i 93
6.4) Hﬂo]ﬂ o}% 7]2_]— %9_1-94 %%L:_ Eﬂi} ..................................................... 94
6.5) Hlo]= o} HZTo ZEUUFE BT o 95
6.6) Wo]= oF-2 HAZT Y TVOC BT HS| s 95
6.7) Wlo]A o2 AHZF 9] 6712 VOCs FE BFAS} o, 96

— Vii—



A2

s

=

1970 d o] F =<

A

R

&t
e

il €73 = A 7k oF7] = oL

9]

[e]

3

M1

)

ol 7

ket

&9 oAk ¢

Gl

B

jo
N

—

<H

o

fuy

—_—

aig
o)
ﬁo
o
~
Mo
W

o)
-

ol
N

he

Aol mHE

)
=

R A EEET R

N

N

R
i

3}
ul O
15

°

ot

L

R

b W Geng

=

o

o FHWEA 1 sVt

%
A

!

JB

hy

ol
=0

e

7-(Sick Building Syndrome) & A& 2] 21 2} <]

R

|
T
N
iy

)

Fo AZAA} WHAEI AHEH 2

=
]

o)
Gl
A

N

1 = (Formaldehy

=
EZ(VOCs: Volatile Organic Compounds)]

T4

e

ToR

ol ¥ v} L o]

Al AR A Fo] o] Fol

=
=

] A
2003, pp.1

o
Fo x
=]
T,

[e]

1+

A8 areHA

L

Ju

H
A AR wEA T, &4

BE

3

E40 o

il

)
pul

1%

A7 = A3

e



Fal ok @ =, vl

7}3

AAAZAE UG 277 F

]
=

A

]_

g
;ATl
e

ﬁo
)

1
oy

Ateh 5ol 74

2} 7Y

Aol Aol A%

e

3]
=)

o 57

3}
o}

ARl g ol

=
=

(Non-Toxic) A

e
iz

S AHA el o

o Az A

-
o

i
el

TR

)

=5

%

1

E

=)
5

A =2

=
=

Aok, wheba 71

{5}

Al wlH]

Br

)
=

I

%_o

Z

NA 2]

@
7,

171 9

S

A Al

bol Fueld gaEE A A

S

o
o =

A e] DB3},

3

5%

stk ol 9

Q

ERE

Ny

A S o w7 AlFE A

=
=

NaA A

oox
=

2} A



Ho
_ZT|
<

=

wK

o
Ho

2
J)
B

fe]

il

Bake-Outol] tw}

o

Ho

op

o]

-+

Kl
el

1]

o)
Al

Kil
O
a0

2
ok
0
ol

J
[0

np

B

N
Ho

e

o

Ho

F ot

S

K
KO
il
il

oF
o

~
oY

Fea e,

S

EXHUA

(3) A

FATh =W - 2ol A

S

el

2

AT AR, WA, v}

=
=

i Bl

FSA ot

=
—_
"o

oF



P

ST

=
=2

LHOFZTH & Bake—Outlll 2 AHLH

) o

4

(

F ok =3 Bake-Out

3|

sttt

&F 1 A}F

W
1

oj

.
HO

O AUSII&#E MHEeH WAl

WEE=E-E32

)

5

(

]
~

ﬂwﬂo

%Tl

F9 Bake-Outell W& <

=
<]

w7} A o)



(29 1.3 2t

fill]
o0
xr
3!

a

n0
Ll
0

R
0Hl
&0

fill
10
xr
0

ak

RO
Kir

=1

- Bake-Out & -

JIEd] Jtsol E s

b

- 3
=

SOk HMAl

8 M

J

| &S

DS XEHO
S oS T

K

A
Al

Iy
i
ol



1.3 &322 §<

22

o)
2]
B
o]

—

<

‘|_

R

o

=
fexA
<)

oAt

o

3] = (HCHO) &

A QAo WA

| =(HCHO), =

5
S

°

=]
Hed

ol
CEREE

Eu
qul

o)
=
o
o)
=

=
1=

Ay

-
=
T

ol

=
=1]
A=}

713+gH=(VOCs)

HErlege dTe
A FAANDERA A AR} F2 AT

S 713HHE (VOCs),

]

o

1

.

1

5t
Fglol WA 2 el A

°

1

(e}
R

=

]

&

=]
=

e

L
[]

]

o

S vk AR E 0

7Ztoz AA

(Rn)
o

A

1
.

ol ZF 37re] 9 vzt A oA A

g

°ol-&

=
=

A (Small Chamber)

N

= W

Ao BAR R ofelgel ute B ATolA

Wﬁ
=
H
o
o
_ZT.H_

o)
n

N

A A E

=
=

Aase A

1.4 =4 A+

1) =

e
ok
Nlo
el

T

)
1o

7
Ko

)

O ol Fold %

she] we AT o] FolH

o

2004 295 44714

R

A4 2R o)

=
=

7FE 1990 o o]

=

o

S Kol M

sl

214 9]
oS

i

k]
gl

=
=

907}

A

o
Nk
Ho
Ho

(¢

o A 4

o =
AA -

myl

7]<#(100

AL

e

)

907N A2 46.7%<1 427 A FHA 2

&

EDL R

H

)

pg/m)S



Aetqar, 7HE = S48 A2 3085ug/mE 79 3uE

=
Zaete T AUTT] 2dol AAE ez zabgel wet a7 w=ye] Hud

5 e =73 A gk A 2

Alete]l 248G =4 F4 wE cd=d YEEAS B4

A M HAED 5 29 FAME o]gdto] ko AU, $]
F S5 LT F 5TRY AFANE gz Az A mE VOCsot
EEdds=e] WEEAS AT &89 5 AA AP FIAA AF
Az eded WESAHE Aesinh HAEY 2 FALE, quRe A
&, &, JJE & ooz s v S A A E=
VOCs¢t ZEH 3| =] s FAHsU
2) o=

o}6). T3k NIOSH(National Institute for Occupational Safety), OSHA

=
¥

2) Ax2l 9], Avel 7% B4 [F718EE(VOCs)e] FEmFAbel] #gk A,
7| A E X, 29U A 43], 1993, pp.310~390.

3) AANE 9], 7htoll A HAE = VOCs9t Formaldehyde2l "WEE5A o #3F o,
o) 71 A sks] S sk 8=, 2001, pp.163~164.

4) 59 ¢, AFARY 2A=d TESAHA B 1z, 2AUGA R (13]),
A Y7l A T3], 1998,

5 AFAENAY ATV FED A= e SHAT,
et =dneta x|, F7k3, A14d 1%, pp.125~137, 1998.6

6) U. S. Environmental Protection Agency. Guidelines for Carcinogen Risk Assessment.

Carcinogen Assessment Group, Office of Health and Environmental Assessment, 1986

-7 -



=K

ﬁo
o

2

o

3

s

(Occupational Safety and Health Administration) &

—
file)

n

el
o0
Bo

=

X

o

1o

)

ﬁo
o
s
5

el

7k )l o]&) AFEol A )’

p=2
[e)

A= NAS(National Academy of Science)

Aol A A

FA 7=

TIE A

Je] FAA AFEFE el

Wog

]

<

_Zrl
el
'~
)
=
o

|
=

A EA

pul

3 TEAM(Total Exposure Assessment

Jol 4] 2}

P
Methodology) Study®] AI}folAl FLAdo] A

7

o

A A

=
=

(TVOC: Total Volatile Organic Compound)¥} ZA

—

-
i
el

S Aol A Al s

o] NFA A

+= VOCsell

Y

AR A ol A

=
=

=2 2

)

& wol Aget

s TVOCe] 7

O

)

()

K

Ho
o=

)

. Traditional and

7) Markus Reitzig et al., VOC Emissions after Building Renovations

Less Common Indoor Air Contaminants, Potential Sources, and Reported Health

Commplaints, Indoor Air 2/98, Vol 8, No 2, pp.91~102.



RN
B

L]

i0J

1]

Kl
OH
30

m
H0
2
oK
R0
ol
~
H0

<

L

M2

2
=

fi%e)
TH

oy
TH

ol
o)
ﬁo
i

N
Ho

]

==
R

7ol

[e]

]

SRe) Ry
LH], 1

R

o

o

)
1

O

3

£}
o

1Al

o

F

s o

3

ofell H]

Al
=

ol

T

A} A =7

=
=

5o 7

1}

WA ek mp

L
fu

A5

=

0

plo

™
)

N

A

=

wr
745 2003, pp.24

shal itk Aol A

N}

S ux

3

E

o] ¢] 3

o B4l A1
VOCs F9 9% 2AL w

| t}.



<E 21> ARYSHo zag
EEE B EE
= Al [<3e)]
0 s 971 % WAL AdE 4,
’ A vhetel w4, 4R FE
EEE ), A, Aueel 5
] g, A, stol= s
w), 4#, o 3 =
(Z+%7}2, HC, PAHs, W4 %) T "
AT~
7tE 9R, A8dL, tedA F
(CO, NOy, SOz 5)
£ 7, vhel, Ak, e, 2AYE B
7)== ¥ = 2] 28 =
Lzotye e g Y, HE Jh, SE A, AFA,
oelv), SH4E, 21 5
1] A B A] B 7]
lened ), WA, 3w, HEE
(#3ol, el elol, vhole 2, EE B)
B e SISIE, WA, Zxde], A%,
(A, EFQ, 29, S, AE 5) | ASa, o8 WFA, AZAA. G- 5
o 3 % AL AE 9, AH, eHEe
B w3 %
e = BA), AEEE, A2
WHOoI A& WHOSE #dd3HEU)0] 502 S48 “g714e shol=ehel”

[e]

=
For Air Quality)S #4333

HAde Aepslon, edEde

_10_

71Z2 2 19973 Expert Task Force3] ool F7]1& ¢ 7}o]=2}2l(Guideline
olFoA AUE7|dAE= F83 LEEHY
HEA ol A =

2 skt <F 22>+ WHO$ EUZ A3 8 29+

As), A

L A9), Aue) 3R

3 Aol

=z



o

Al

b

g
=

}

L=

=2

[ezNe)
= =

A3

Mt

2.2> WHO®2F EUNIA

o
frand

<

— Mo [P —
mE N Loﬂ_/
% ¥ 2 o | (n
I i =)
0{ ;AT.: ‘mﬂ = dﬂ_ N ﬁo ~ ™ Of HE o
= , v | | | s | 7B [ | |
=0 = dﬂiio, e ~ = _- 9 | 31
on o |5 | | N AH,%JE,UE#IL
gl o w || 0 [ o | = || o[ 5t | ¥
MM@ = =|_-|do
By B Jﬂﬂh
HO
Ay
SEIR%! an) bl
ﬁ;.am glo| < IR — o 4 ~
e T T S R e U o B e A Pt e e p A P e
dHEICIE sl @ |£IS|E] S |H[F|z|x|Z|E SR |2
o| & A& o |z M colia
| R -
el
pild <
- & =
a3
=

_11_




wr
=

1= (HCHO) %} 3

SR

AH71388 = A (VOCs) 2] o]

sttt

i1 A2

9]

of o

E

10°

pase)

|

00
30

10l 0IXl=

=
oJ

ok

KO
ur

|E(HCHO) !

El

© 0.8ppm)E

ERIEREE

254

R
.

S

1 =(HCHO)

=]

I

o} 40%

dl

kel 47 F45

W+ 4

A% g o

I

o

23!

)

7]
o]

M= =

AEA ) w77k 20] o)

1
.

LU R b
oA e F&=+= 10~100ppb A==

=
=

A EAEY,

o

g v et A g@steaz v

2 &=
o}

I R R

9]

=
T

=
K3

<

ol

_H,O

)
il

o
ol

1]
I

s

7] oA Abstel zbe] 9

|

A| &

o~
T

of Wo] Alg¥ = f-dot
: UFFD4

AL

YA
o

FHo

wK

. AT

[e)
F27t

S|
=]

&< A (Urea Formaldehyde Foam Insulation

il

Azl = vehd xe, Hdz,

]

A Aol M e 2

71 €} W= (heater)

T HFHRILA, 2002, 20~21

_12_



Wogr ol u

/%_]‘

Ho
<
)

o

B

g =2A =

(Urea Formaldehyde

3L
=]

el o= 4]

[e]
T

A

o= ]
D UFFD)# A7k &, 7%

W

7K

<

Foam Insulation

of sl LA H

=2
[e)

A

o made] wEw Sl ES GAANZ AT el

2t

o] ok, A
19813 Schenke

’

&35

XV

p=2
[e)

)

N
oj

N
B8

R

=

5%, v

R
o

ol A

05

)

R

No

o)
ospa

K

Ao gl

9 It

=
E 5

3|

1 =52k A

ol

o

lfat
A

°]

At

12 A

_Zrl

[e;

ol m =)=

o] %

=)

]

o

o

o
B

Nfo

0|

%

o

1o

e

L
e

fol] A]

I F%7F lppm & 1 9]

ol A

= Ry,

ol
T

al

%

(H&h)e]

ze]
!
Gl

A

1¥¢)

L
R

9) oA

AMdign 2AgEY, 2000, pp.30~35

_13_



d ?loid

eIx

O

(HCHO)

ul
110

Bl

oll
1]
I

I
v

-
7A
el
il
Jl
~H -
) f
- EL ]
=
| o o
< WL_.O gl
& Wﬁ =
AL ~©O
To° Nr ) = T
| N CC I e MT
—_ S N
<3 =T
ML ﬂ \w El _ﬁo
- | oo o
,Nro ‘l.A,I PI%l o) JI HE
LN E S
R | T | m R o
; — | on | ~ -
M N I B
Ao | || o =
M E AR
WX | .| = o
o L, R[N oo X
HIFRIN|IN| B 8 B
T
\m/ ° 0| o =
ST S
= ]| 4 M
His|h|s|2 Q
o | T H -
—

d0l OIXl=

K
ol

ok

K0
ur

}8H=(VOCs)

12

ok
X0
ol

)

222 ¥

1

D VOCs)2 82 71389

| oS cheksie 7k debeitk VOCsel diel 234 o

b §-7]3F8HE (Volatile Organic Compounds

=

2o

A

i itk VOCsE A, Aol A

3|

A Aol

ol

el

A

ol

Bl

ARE 7] F ol A

7HA

719
gol=

=
[}

™, 20Cel A 760torr(101.3Kpa) E.t}= 2Fal 1torr(0.13Kpa)E. o} 2

714

No

w

N

)

: RVP)e] 10.3 Kpa(1.5 psia) o]l

(Reid Vapor Pressure

]_

n=o] EPAd| ¢

z:gl_

=)

Tor

o
Lo
=)
B
o+
el
)

Bl

—

O

oj

)

¥ =7 (True Vapor

s4e] £

01— e}

: TVP)o] 1.5psia ©]

Pressure

7]1¢to] 27.6kPa(4.01 psia)old =

= =
— O

Tl = ol

_14_



%

ol A

A ol A

84 §7b g Al

ol
ol

==
>

)

w9

I

el ghel oA of

ol

o

ol

—

el
NF
B
=0

\ﬂ‘
;ln_ﬂ
_50
M

o
Gl
_50

el

R

——
o

p—

5
I~

oj
.50

jgase]

S A7 ek st

l
=

e

L hEE, Y

A%

A 2] =

)
o

ogt, EgFEZoE ¢

o] =4 A (Phase)e] FHjol| wetA 34 (Volatile),

H| 3] 24 (Non-Volatile) & 2

4

=]
=

Uk 3] dkA] (Semi-Volatile),

KPa ©]

ol

=]
=

i;ﬂl»

o

= NVOC's& #+

Eis

SVOC’s, 10-8KPa ©]
BE

KeX
=

VOC’s, 10-2~10-8KPa

e}
&

R

_t"q
Qo 0 ~

139l (Very  Volatile),

el

H| 5
(Volatile), ®¥3]2-4 (Semi-Volatile), LA (POM)Z T-&

(501C-100TC) <

—

pu
R

p=2
[)

svd, )

(50~1007C)~(240~260TC)E VOCs, (240-260

380Cel &

VVOC'’s,
VOCs,

[e)
EK

Organic

POM (Particle-bond
EPA Method TO-14014] T+7% 3+

=
=

T)~(380-400C)

pu
R

2.4>9

-
3t

Compounds) 2.2 #F3tar o <

409152 =4 VOCsES HEh A

_15_



<H 24> 0=883 TO-14A0H AN #E8E =4 VOCs

Compounds (synonym) Formular
1 | Freon 12 (Dichlorodifluoromethane) CLCF>
2 | Methyl chloride (Chloromethane) CHsCl
3 | Freon 114 (1,2-dichloro-1,1,2,2-tetrafluoroethane CICF2CCLF2
4 | Vinyl chloride (chloroethylene) CH,=CHC(I
5 | Methyl bromide (bromoethane) CHsBr
6 | Ethyl chloride (chloroethane) CH3CHCl
7 | Freon 11 (trichlorofluoromethane) CCIF
8 | Vinylidene chloride (1,1-dichloroethane) CoHoCly
9 | Dichloromethane (methylene chloride) CH:Cl;
10| Freon 113 (1,1,2-trichloro—1,2,2—trifluoroethane) CF:CICCL.F
11| 1,1-Dichloroethane (ethylidene chloride) CH3CHCl,
12| cis—1,2-Dichloroethylene CHCI=CHCIl
13| Chloroform (Trichloromethane) CHCIs
14| 1,2-Dichloroethane (ethylene dichloride) CICH2CH-C1
15| Methyl chloroform (1,1,1-trichlroethane) CH3CCl3
16 | Benzene CeHs
17| Carbon tetrachloride (tetrachloromethane) CCly
18| 1,2-Dichloropropane (propylene dichloride) CH;3CHCICH:C1
19| Trichloroethylene (Trichloroethene) CICH=CCl,
20| cis—1,3-Dichloropropene (cis—1,3-dichloropropylene) CH3CCl=CHCI
21| trans—1,3-Dichloropropene (trans-1,3-dichloropropylene) |CICH.CH=CHCI
22| 1,1,2-Trichloroethane (vinyl trichloride) CH-CICHCI,
23| Toluene CeHsCHs
24| 1,2-Dibromoethane (ethylene dibromide) BrCH;CH:Br
25| Tetrachloroethylene (Perchloroethylene) Cl.C=CCl2
26| Chlorobenzene CsHsCl
27| Ethyl benzene CeH5CoHs
28 | m—Xylene 1,3-(CH3)2CgHy
29| p—Xylene 1,4-(CH3)2CsHy
30| Styrene (vinyl benzene) CsHsCH=CH2
31| 1,1,2,2-Tetrachloroethane CHCI,CHCl2
32| o—Xylene 1,2(CH3)2CsH,4
33| 1,3,5-Trimethylbenzene (mesitylene) 1,3,5-(CH3)3CsHs
34| 1,2,4-Trimethylbenzene 1,2,4-(CH3)3CsHs
35| m-Dichlorobezne (1,3-dichlorobenzene) 1,3-CloCgHy4
36| Benzyl chloride CsH5CH-Cl
37| o-Dichlrobenzene (1,2-dichlorobenzene) 1,2-Clo-CgHy4
38| p-Dichlrobenzene (1,4-dichlorobenzene) 1,4-Clo-CgHy
39| 1,2,4-Trichlorobezne 1,2,4-trichlrobenzene
40| 1,1,2,3,4,4-Hexachloro—1,3-butadiene C4Cls
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ﬁ}j;gn oh A E 750ppm(TWA)
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N FEE 0.5m/s - - -
TSP 150ug/m' (953 )
R 1508/ mi 300pe/m' (2 53 7
R 150/ ﬂf/m g/ m' . ) ouae ERwm
(TSP) (297) | PMI0 80pe/m (A3 ) e
FX
150g/m' (2 3 ) - e
A atsbet s 25ppm 9ppm(8A] 7+ H 3F)
10 50ppm(TWA)
co) pem ®N7F FF) | 2Bppm(IA7E FH) ppm
o] 23l Ek A 1000ppm
1000 - - 5000ppm(TWA)
(CO) PP Az ) ppm
0.06ppm (A 33 )
ojhtshd & 0.15ppm PP
- o 0.08ppm (¥ & +t) 3ppm(TWA)
(NO2) (1A 7 ) -
0.15ppm(1A1 3+ H+t)
0.03 o] 5 5t
s 0-1oppm 0 14ppmio1;:+; 2ppm(TWA)
- . mi & 8 I m
(SO (1A B ol Sre T PP
0.25ppm(1A] 7+ 3 3F)
o= 0.06ppm (841 2t 3 3F)
- - ppm(8] S 0.1ppm(TWA)
(03) 0.1ppm(1A] 7+ )
o 0.271/cc(Z A TWA)
N ; ”t ) - - - 0570 /cc(ZAHTWA)
Shestos 2.070/cc(M 4 TWA)
e
- 4pCi/ ¢ - -
(Radon) P
Pb 0.0518/m (TWA)
Cu 1.0ug/m' (TWA)
Hg 0.05¢g/m' (TWA)
Fad - 3 APF)|  15ug/m (L)
° cd ug/m' (23 yug/m' (%3 0.0518/m (TWA)
Cr 0.508/m (TWA)
AS 0.2u8/m (TWA)

WA A2 (PM10)o] tisiA e 99 129319 7FA1 & 24A17F et %] 250pg/m' o] 3HE& A 83k, 2000 1¥€ 1Y
FE 2001 12¢€ 31Y7HA & 24412 A 200pe/m’ ol 3HE A&

o AQIHARAY ARE B 5W ATFH ABE BSBA % BY Axe wEF
(=55 LA A1997-65%)

_25_



EREE

ks et

10ppm(LEAF7E 2
A AR)

20ppm (Y 28} 9] A 7] )
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(NOy) | 0.075ppm urope ZAAIEE g Sppm(21 2 2441 914 5}3)
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(03) 0.08ppm(WHO Europe 8417t 3 1f) .
1A 7F Hyt) 0.1ppm(L ¥ 2kl $1 A3t 3])
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o 4pCi/ ¢ (EPA F4))
2.7pCi/ ¢ (WHO Europe) = =
(Radon) | g i/ (g )
0.03ppm(EPA 15 3F)
o 0.14ppm(EPA 24X2+93#) | 2ppm(ACGIH, TLV-TWA
o] 4ts}3 | 0.12ppm(WHO STEL 1417} ppm( 1XE93) | Zppm :
$0w | 0.15ppm(WHO STEL 15%) 0.5ppm(EPA 3417+ ) 5ppm(ACGIH, STEL)
E ’ v 0.04ppm(L 7] 84 7] | Sppm(Y & 4] 91 Ay e+3])
1A 2F )
0.151 (LEAFV =Y 2
pgpq | Oom/mE o g;g; ) 0.075ng/nr (EPA % ) 0.15me/nr
= = 0.26mg/m' (EPA 244 3¢ QEALE 29 A7) 5
(TSP) | 1~0 12mg/m (WHO 841215 %) e/ ¢ 1) (REARF A7)
_ 1000ppm
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o] AL Bh 2 1000ppm(L &7 %71 EH) (S RALE 297 )
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s 5000ppm( % 221 91 418 3])
Xl 0.17)/cc(OSHA-PEL)
- 0.0170/ce(L 2 i 718+74) s
(Ashestos) CC 270 /cc(A R 2kl ) et E)
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A4 Fuolis FEFPA ] TE
AN A o) wekA
813 (ASHRAE)2] 100ppbE 7|02 A&
AQ2 500ug/m S 71 FEo 2 2459t

AN

2

[H
j@
rﬂE
03:
:10
i
i%
E?i'
m{n
ruﬁ
j&

i

HN

&

e,

A 7ol A

il

R

R

_27_



=5

el

AR A ol A

=
=

ska A

S

g

o 3 A

loﬂ

=

=]
=

1

=
=2z

I

S
=

!

}

Xt XH 2%

==
:I;

2.4.1 AKX THE 3

24 A

west o

2=
=

<

o)

%

Ho
_ZT.

he

ol WEAsE 5ol AREEY, A1t 7]

N
Nlo
o

g
o

Ahg-ol

A (VOCs)

o
m

0

ToR

hy

17

A
Rl

A4 ]

tol # Ao W

=
=

9

=]

of H

A 7138 EE (VOCs) 9
VOCs

1o mebd A

S

L

R

5]

=
=

gk Ao o

o=x 1 A
o] T8

Al

A

q

S
&

s

Hr
=
q 3]

Zs

ataL ofol o

S
J

o}
o)
A 2 5E
tel FEi-o] Aug7]1"d(TAQ: indoor air quality)
A

==
=

o

)
pul

tol 3
o}
o,

[

7}
7be 4 9l wEkA A

7}t

NaE=s

E|

ato]
hy2

% of o

é‘:]',
[e)
VOCs9]

=
=

sy
a=

il

kel
pul

o

3}
=,
701'

J o]
=

24

A7 ol

=
=

1.
&)

7

A% FrAt Wagne] Ao 2r

7] 3}
ob Ao o

Q

a

N
)
o

—_—

R

o
;OO
Bo

o)
A

Aot

_28_



>

e

ik

-.r-.. I

(# N 25D TEIEEES -

el Lol A -w . HY
P T L AT RS ES) .

= R P
) T 3'4;”'}1' o} Byt 35
|
<« A
s = (III."-
=i == il 3
= 5 4
et b e SR o o

'(TDL/‘]' tﬂ'%‘ ‘T‘S_ZHE
TEAE, RCzx, PCE x4, ZA%713xConc.(ALC), &HA HEA,
opuiztAl | 24, ARE, §e3E, HE, e
EEE IR EEEE R
Wybdan | ol HE nes) gE Ade Was 27k, W)
T, A, AAE 2L A
WgBAL, A | A A, BaE, GRRhEE BoE, Jros
—‘—]_1:51_ o = T:)
Zhero] SHEEAY AER, AAA, AUE, SAREA, A, §
B3
A An | 4989, #y

_29_



<H 212> = A=Y YEE=2
A= M| EEE] YEQHEE
& X
1. g SN IR A MOA 2 &
(Qele. oo) |EFES =X, 474 =2 aldehydes, ketones, solvents
2. Z2RUEHE |EXH2=E, 0orel, X HI(CFC) FCs(chlorof luoro-hydrocarbons)
3. AXNZE M |ZZH(0l,pentane)  AEBA RS
LHS Or2E XM
1. =S8, 28 A [ FSHH, SHE texanol, glycols, glycolethers
2. RHHCIE, 23 |EHE, Monomers solvents
_ _ |sdE, M 2 BXH
JlleE - SXI11 ’ ’
3. JHE - AL SXT H2 R AT formaldehyde (HCHO)
o pentanal, hexane pinene, camphene,
4. ALIR ST SN FE2 3-carene, HCHO etc. (34 components
identified)
==o = HCHO, solvents, terpenes, aldehyde
2t Ck = =3 X xF
5. 225 HtY X S FE=2, &3, =N, ot (12 components identified)
= fatty acids,toluene, 3-methylpentanes
- b
6. 2l=8 U5 Kk, (16 components identified)
e B 1,2-propandiol, 4-methyldioxalan,
7. 223 Bty S =22, dA8 HCHO, 2,2,4,6-pentamethy|-heptane
(25 components identified)
TXIB(2,2,4-triethyl-1),2-ethyl-1-hexan
' 4= e ol, aromatic and aliphatic
8. PVC HI= M= BN, XM, SHE hydrocarbons, phenol (17 - 58
components identified)
9. 12 HIEYTH SASHRI, ZEHH, B styrene, isododecene
D, AHE UM
1. &el&d 22 AZ A2l OLMIE &t acetic acid
2. 013 2N EHE solvents,
3. Z2IRdE Z3H, SHE solvents
== A =2
4§E§|glggialg Z20AHZ £X, AEE styrene residue, phtalic acid
JIE AT
1. Chipboard 2diot ZE LIS =X HCHO
2. =N, Ot solvents 2-ethy|-1-hexanol
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(O& 3.7) 2,4-DNPH 3tE2IXl (Supelco, U.S.A)2t
QE AIZH(Waters, U.S.A)

! nl
\ m-*‘:"@—rﬂs .._-:h‘x c.n-m@ WOy 4 Hg
Ft'ff n"ff
CARBONTL GROUP EA-DANITRCFHENYLHYDRAZIME STARLE COLoRn WHIER
[ALDEHYRES AMD KETONES] | Db HYDAADOME DERIVATE

(18 3.8) DNPH |REM3S B2

(02 3.9) D& MHYIAR20LE el (HPLC)
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DNPH-Silica 7}E& Ao 3% Al&F Vacuum Elution Rack(Supelco,
US.A)ol A A 7]a2 HPLC-grade Acetonitrile (JTbaker, US.A)& F=E1Z
Abgste] Acetonitrile SmlE ¥ F wl¢ =9 SR FESGH FE0] 2
A& FA] HPLCE #4389

7h2xd 31523 DNPHO| wbgol s A% DNPH X4l A2 49
ol A &FFAel 2lem 350~380nmel A Ao = g

o]-&3sto] 360nme] dHFol A F ZHeATE £ AHEE= 2™
E S

2E=
Symmetry '™ C18 (5 x 250mm, Waters, USA) % ALESE AL, o] FAC R =
HPLC-grade Acetonitrile®} Water2] H|E 70 : 302 s}ttt A 52 4= 20

W, A 2% 25C, %S 1.3m/minl & A AAEA AL 4802 3
o}, olu ¥ EL =2 ug-AlZHRetetion Time) 3.36 & oAt} 7t21R 3}
e A AHZIES st 77FA EZ  (Formaldehyde, Acetaldehyde,
Acrolein, Acetone, Propionaldehyde, Butyraldehyde, Benzaldehyde)o] &3} % o]
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Formaldehyde - 3.360 min
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T FHEES UE FHAA vgte] oAy =l gk 33}
2 % S A A =4 7 de ZA
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"=e] ASTM - AHECA)AM = FAurdel o3k 745 st At
A= Feu SEJA AR AREE Y A 29 Ao
Atk tE AW Th R o Wi AAste] SAo] JhestEs 7AE Aol

), ib‘é AWM= AAEH HAX st WHELECH)I AU AEE AXA
3t W (Small Chamber) 2.2 8331 Qo).
3.4 A LE=E S50 28t &8 #A

Aol A LA E = VOCs= AFAA, AAAE, i, AL AdAe] §4 5
of ofs M, ofFolA AZAA A TAE= VOCs= A=A &7,
<&, §5, 7% o B2 dFS v AS5AACdA HAE = VOCset
ZtEerdsietze] WESA i Ay el A5 A% d7Asedl o AT
b AFEI Qo ofH kA= g Aot o]=e] Ae-= S ol ¥E
SHAl A-Eo] A B2 FHolnz A SAAI gk s 2ol

& 9l=re] ol yehel A HCHOSE VOCse] Al tigh At 4ol

1FUF

ENV13419-1 : 1999 Building products - Determination of the emission of Volatile
organic compounds - Part 1 : Emission test chamber Method
ENV13419-3 : 1999 Building products - Determination of the emission of Volatile
organic compounds — Part 3 : Procedure for sampling, storage of
samples and preparation of test specimens
ASTM D 5116 : 1990 Standard guide for small-scale environmental Chamber
determinations of organic emissions from  indoor
materials/products
JIS 7 8703 : 1983  Al@& 2o FE4H
ISO/DIS 16000-3 Indoor air - Part 3 : Determination of Formaldehyde and other
carbonyl compounds - Active sampling method
ISO/CD 16000-6 Indoor air — Part 6 : Determination of volatile organic compounds in
indoor and chamber air by active sampling on Tenax TA,

thermal desorption and gas—chromatography MSD/FID
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ECA Total volatile organis compounds(TVOC) in indoor air quality

1. ENV  : European Prestandard, ENV&= £33 f39 2 ENez2 HF Addd uj7ztx] 434
AL ] S8 713ke] Al At

2. ASTM ! American Society for Testing and Materials

3. ISO/DIS : ISO Draft International Standard

4. ISO/CD : ISO Committee Draft

5. ECA . European Collaborative Action, "Indoor Air Agality and its Impact on Man”
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v‘i—% OE}\Q};(} 2+ 27} 366.92 | 116564.18 | 70.62 | 7981.67 | 1572.13 | 1917.3 56.4 56.06
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(19 6.2)2 mpzkAle & i Qu~del xFAHs=e] ARE gz
Uetd Aoty WEH2 FEvl(373ppb) > WOl @ SLE(282ppb) > Y WREARA
(190ppb) » 13 AA(126ppb) > AF&RZFul(77ppb) ¢t 2& A E A H AT

_91_



7 = Alz yEyton Hole A FFvlE vigtE Aol M= dukat
Antoz vzt ARy ¥ wol WEH A

87 22 A el dukxtA] mpA g E v wdk F 9 S F A vhkA
U= i 126ppb, YA v Aldl = 4 190ppb 2.2 B ASHRAE A Al
AW7)1F=100pph) S 298ttt AR vS oy £E

HE 9

=@o] 2 olfr2es HHVIE A
&

400 —
850 ]
8 300 [ _
2 250 [ ]
H
H 200 ASHRAE 7] % T
g 1o T (100ppb)
S 100
T
2 o0
O Il Il Il Il
04| 7 | 4| =7 | 4 40y | A
7t LH 7t Ly 7t Ly 7F LH 7t Ly
HMSARM | YerAR+ | YRR+ | LuRRERl+ | L uR
Hto| @ = £ I % of N
(02 6.2) OF2THOI (2 At QUIAEIS EEA[MSIE B=A
(1% = v Ae 2 g ¥ Aol TVOC ZYE X2 el

6.3
gt =& Aol SCANVAC AQ2 7159 500ug/m'S ZIston H&
& AAZE)(12608ug/m') > AwWEAA(12242ug/m') > BEw(11466ug/m’) > W}
o] © T E(8300ug/m’) > 37 A (7000ug/m)e o2 A%

L
o

ot

e vpz Avel 49 EEUUHS gEe o2 Ade 9 @43

=
U BEFSE Yoy TVOCY ZAf-de w2 W&ol 7Hd watth wet



GE|H =9 TVOCE B4 1el@ 4% D834 shpatt 4 A

=
= WEFE Holv Aow yeuth

A4 AA vhzbAvel dutAA viAE wad 49 dukaial vigkA )

7F 1754 =2 BEEFS Btk SCANVAC AQ2 7]+#<l 500ug/m' ¥ H] L sl A]
ABAAA virAthe] 75 o] 13u) o]/, AnbAbA] vizhAlthe] 75 24nf o]
WEFE AT
16000
14000
£ 12000
S 10000
H 8000
#6000
[©]
S 4000
= 2000 SCANVAC AQ2 71#(500ug/m')
0

(0% 6.3) OIZMOl TE CHat QUIAES TVOC E&E2 1t

_93_



Z2A WAF BEHdA 2EE 3H6-39C2 &9 ¥ AE8S #49]
Aol Aol 7)o Flush-outd AAIste] duigr|edEde] wad

A9H oz &gl AEAA L AR 5L wF8 A7lE Aotk

WA o3zd F3L o)A ofg AR A

Jol AAFAY. (17 64)2 Wel2 of

h= =
& AAEe wee] 25k WIS dEiva glen, of 73t ko] At
eRE BT, AMeEE JITE vheht Hola opgol AHs) Hu e
shelal 4= ATk olsh ol P

w
o e
)
ne?
ol
f
e
iyt
Ll
N
N
fi
Ol
ol
s
=
o
1
o3
o

0

ok
A5 -
AARE $ e TRk 8 ¢k HUde] V] Fe = Flush-outs AAs

sholsl & 69 149 A

32
)
o
o
2
=
lo
rlo
H
N
N
12
[\]
3
@
it
k)
>
=
)
~
pous
rulo

2R EH
40 = t -

35 4 60
30 H 50
8 25 40 X 9

20 He q
H o H L
B s LI obRAIR j| 30 &
(227tE) Hol 2 ol2E 7! HEPY
L a— (EIHATA) R
5 H 1AHEHER EJ'E“A|—|E ; 10
0 i 0
o o o o o o o o o o o o o o o o o (@)
o o o o o o o o o (=) o o o o o o o (@)
N A M 0 6 0 S o O H o b O © ~ O
— N ~ ~ - - - - — —|
610 eg11d 6g12¢d 6813 6814

(19 652 Hlola ok A EFAUICS FE WakE tehya glvk v

o) ok Aol EFLUHE ¥

@ ol 28092pb% VR wlo) 2 ok ol Wls) AvjFT] Fo| EEL
[e]

Sl=7b oF 48% AAHASTS & 5 dnh weEbA wlola ool TELH =

_94_



Aol BA7F = AL® UEyEt a2y Ho]A ofx o] Folk ¥F U I
=9 FX+ ASHRAE 7| 100ppbe] 2.8¥ o] Z#stil = Ao 2 e
Hlo] 2 ofxo] EFAHS =S 3] AA A= Kok AoE YERNT

600

500

400

300

HCHO & % (ppb)

ASHRAEZ| &
(100ppb)

H| ol ZotR T o] Jote =

1= s&H8st

UIIU

&l

Ol

(08 6.5) HI0|13 Ot ®MZQ &

6.6)= HWlola o HFe TVOC = WEE Yeha . TVOC

T XELUE = Ag-oF o] wola ofx I HlaLste] oF 48% o]/
2= 9ty 1} wola o}% FTol= SCANVAC 7]

=7h AEEol Al thEe] TVOCTE Hel e

r_{
o}
o
=]
&
X
=3
10
2
S
iy
)
==
o
off

TVOC 5= (ug/m*)

SCANVAC AQ2 7| &
(500 wg/m)

ol ot A H ol JotR =

(02 6.6) HIOIA Ot ®=29 TVOC =& H# 35

_95_



H)

il

o) 6744 3

4%

o)
ES

S BER

(1% 6.6)

o &}

wjr

oF

Hle] = of-x 9] 635%= vl

2500

2000
1500
1000

(w/67)Z = OOA

o
o
Yo}

ok
oK

H| o = of

rJ

oK

H| o = of

| 69tXl VOCs

o

=1
- =

(02 6.7) Hio|13 oI &

_96_



6.4 &~ &

1) U=ESSFE A

c
0K
Y
HO
02
0>
o
M
o

ANZzolutES AYE/A =HAy oy sz AS HAW  107.5ppb
ASHRAE 7<%l 100ppbE Z#Hstom, TVOCE it 1726ug/m o= =9
SCANVAC AQ2 715 500ug/m'sh wlwa|A 3ujol oz e} A% ofnEe)
S Es} e Az 299 A

=

0

o

Alzoy~del ZAHAI EELHI == HT 16647ppbh, TVOCE =
4162.35ug/m' & ASHRAE 7]5(100ppb)3¥ SCANVAC AQ2 7]+ (500ug/m’)¥} H]
A Zbz: 154, 8w o]l FAow EAMFY. EA A dutygoz ® A

kel AA HES/V Mol 2 A% euaddA offER o Be A
edudel A&t

oL
=

4

OHJ‘#FJ

T T 7d Ay olvtEe ZAHAY EFLUIE= FEE 2lppbE
ASHRAEO A AAEL dE 712 100pphE W= ow, TVOC FL:=
20.75ug/m 2.2 SCANVAC AQl 7|Fd = wEels oz EAE)

=z
LN

SG7IAZ  ghe) mE AWErledEd sEwE 48 fste] AddE 7 2
v s AAAE R s 5 A0 HH)el we F 535 S 6
Atk ELEE =] A dA Ve BFE VEAE 94 dgkon, 23 &
AEEE Al VA7 2aslew TVOCS 4, 14 574 A REeA
T LI AEARE VFEAE 2SI EFLES =9 TVOC B Alte]l A
of wet FE7F AA Frheta Y Aem EAHI

AN AR e AuET) 2 d 8
sgdAE B ANE @9 Ao 28 AA 3
SEE @ ANE AL FANA 2 2 Sk 3
AT TVOCH A% 5% 4 Fo



ol 9] 7]}

=]
=

TE7F 2 A

o

N
o

!

ﬂ_

olr7] ¢

o}
=

=
=

T3}

NN g 7t

&

RIS

101
N

Aleiel Hls) oF 80ppbolZd

[
e

3} A

=
€]

b A 7E 7

b Ao® et #7147t %

S

Nr

Ed

gl

3k7] A n)

,

ol

35
A X

7}

KO
KIr

a

w0
il
10

<A
o0
<

Aol A & ¥

B3l AT

W

=
=

Kl

~o

Jvmo
_Zrl

)

=
=

!

R
o

)

ool

Hlo
—

b
m
o
ﬁo
oy

BX

1o
N

oy
N

M
Hlo
Nlo

—_—

0

X
N

# <l

IsHoz eyt

)

gl

A
St =l

tH Aol

S

FARE AL

A= e 9lEh16

7heE =

=
[

A%
A5 Z}FA|

L
R

o]

B

16) Healthy Building 714

=dT4a

_98_



3) AMLHOFZTH & Bake—Out Off M

i
e
o
02
1o
[l
O
H1
&
o

Sojh EEAEF = Aol
= Al A SCANVAC AQ2

ES sl > LA > B30 > HolLTE )
ARAAAS SAE WE G AR

p=
R = — R
A9 ge ymeEe dsasen &i#ui shgE AWE A Lsn
|
A

=y

o

ArZzuE 2 AgdaA HAF 7pphE THE e BT
ASHRAE 715 100ppb |52 kvl wigko] £ = Aol 714
bgE Aoz tehton sole mE 9 RHN shgE AgeAE L

Auro 2 wizkg ARt o ol wEE

T fol O
o

N

pe

_>.i
bl

AE A vipA g oh Ak vA S wad 4§ ABAA vpiAl
= Wi 126ppb, LHHAHA vk A= HiF 190ppb o2 5% ASHRAEC A Al
AlakE AW 7]1E(100pph) S % 78ttt

Hlo]la ol AFo LFLHIE TR 540.17pphE SHE AL, wlola of
2 AAF Fol= 280.92ppbE WERL oF 48% A AE AT 1Ey Hlo]= o}
9 o]F o= ASHRAE 7]% 100ppbe] 2.8 o]4 Z¥&ta e Aoz et
Hlo]= ofxo] WEH Aede EHIF Aoy SHAEAS M AAA=

Ao e,

_99_



—

N
Ho

2

A

T

HAl el A 9]
;é]

=

s

2
A9l Abgol

A 2wk

= %
| .
@ A

7178 o] Fof

SR
o
|

uf AL

Azg A
SKe)

S
&

B
=

s}
=

[}

ol A F
wol =

=
©) O
w =

=

sl=¢F TVOC W&ol

S

b

d
5

o)
=

AUF7]

L

R

3

o

Aol X5
WS 2 Ete, of

A4 A5
AN A
o webq Abgtol A4

o,

S

==
=
Eis

2
==
=

il
2} A]
=
il
A

w}
2) 71 A 874w
HE'_L

oy

il

~
N
A
5

sl=9F TVOC F=7F =relel A

Eors

Ay
e ul

g =

= =
o

Z}
2l

H
)

W

o

ey
0
2

o
~
B
o
N
i

Ul
alil
BH

iy

=8 AA

3L

gl

7] 2]

3)

kA ol

A7 o]t}

1=
L.

[e)

|

wK

il

ﬂ_,mo

=1]
=

b

o

Q

A8

=

=3

& 4529

- 100 -



1oh webd, e 71z

9

o AN BEAS
L

=

of A-gxojof & Aol
3)

L

©

A
A~

fLE

=
o2 2379

brlels 53 ol anh o)7)sh

S

A

Ho

—

<
Uyl
o

%o
o

Ho

k]
pl

1

sfofo

S

A Foe =

ko3
T

Built-In 7} ol A

fu
L.

37 9lel A A B E A

£

S

]
=
]

9

°]

=<3

=iz

A&
3719} Bake-Out ©]

=

=

R4

Bg el 2 Flush-OutS A A
o)

g 2 € o

o A7
al

S
A

o

-

]

=

h=i}
=
=]
=
F X

ey

2

Fol A A
ERET

©

|

NEolgee] AR A7

Bake-Out

P2
6) Mol o A

S|
=

ol

o}
2
o
F

Jran
o

[a13
=

w] of of

Aol h,

=

7hE o] ol A oF 3

=
T

A7

}

kel
o

Aot} EgH Bake-Outs WS &

wo} 577 S o

b

)

=
E4

A whgke] tlEAlE AAle] et
A Ee] B ¥ Mock-Up HIZE 5& F& F7F d77F o] Fojxop &

Aol

A

<)

—~

;OL
=3

- 101 -

o



)

Bl

)

TH

3 eloh Aol s

o

ﬁo
5

2

- 102 -



HN7&2E

o)
B

—_—
1o

2A2WY FEO

B

7FA Q. Y. 3], AWF 7] Z(TAQ: Indoor Air Quality)

=

tol Zsrol ofxfof ol 74A] 9

o] i HWA R7H7] A%

©

]

R

Aol w2 Wt
e}

=

Tor

ol

Ho

>
2}

)
i)
N
~

~o

E

x

oj
o0

Bo

!

Uo

0
_ZT|

?_

wepd, ®

—~
file)

=

u} 2 2

A

stol ehgrabAlel Ao )

S

o

=

Chamber})<

<
el

it

=0

Bake-Out %

]
=

ol

E

ol

A, 20039 12€5-E 2004 6€7hA Al

3]

A

Tk,

B

%Tl
~

B
o)

Ho
B

w}7k A4 7 A

T

ko]
Rl

&

t}o

el

vk Ale] ool

=

) Hl&o] 7l wek A

]
ZS|

A A/ VA

-
3t

S(

B

3

e ]

FAAR TVOC ¢ 45 o=

o)
A

al

—_—
fi%e)

53!

< YERRSAT

- 103 -

o} 6-8]

=

=

7= A



stgom 1 Ak, FYbTst vk

S

tel A

©

AR A ol A
&

o
=

=
=

B

A, 7
N
=y
AAE

[S]

=
=

&

;OL
=3

%
R

A

@_

0
o
o

o

H,

st Wk F2 TVOC7}H

o

w5 v of

oj
ofp
R

=

]
A

/5]—

it

o
-

7FE A

[e]

]

Rz

HA

of sufell A 4wzt = 7]

%

o el $-%

Els

&

H,

oA Amz Al

kol A el TVOC

3

[k
=

= AR

3L

o

wol 27

o

ol
lfat

ok AFlA X

pu
R

45 dutq o ARG Y

1<l

A
TVOC?e ed=do] 7

=:)
y

i

]

o

W
)

FES
o
o

b

)

R

|

A
or

A

=0

H

=1
=

L=

ZHA)

=
=

2 ARE ASvAA ALE

AUEr|ed=4dS AHAA77 A% A

el

AU A&7

i

9]
«

29 AN

31X

3L

S},

ko]

2) AR AW E T
Abgrel 214

3) &7]#g

o] of

Ulo
TR

H|

)
~
5

- 104 -



Al shof

{5 A &

==
=4

)

oo

N

-

—

O

o
0

x
Ho

‘ZT|
he

4) =

W
B

Y

)

dEH AA

of

;o,._
4

il

o

5) duivizt

=

A s ge

ko3
T

Built-In 7} ol A
AF A=A 7FA) 2

R
L.

A

3

% g5
A,

9]

a7 9

°]

] &
Fodof

0]

©

243
7] ¢} Bake-Out ©]

5 22l
2l

al

S
]

o

h=i}
e
A

B-g el 2 Flush-OutS A A
}_

7

KN
T

NEolgee] AR AT

Bake-Out

6) Hlo|Z ofx A

L

Flush-Out& 2 A

;OL
R
Ao

TaAd Ad4

il

0]
«

7 AFAS AHE7I@ o

)

Al

o

- 105 -



KO

2000. 10.

A

3L %
G

bl

3} .
oF

o 7i, KICT20014F -

B LA, 2002, 6

TNEALY

kA5 7] 318 S (Volatile Organic Compounds :

BEE

~
Ho

<
Gl
o)
wf
)

—

_/D

K LA, 2000. 12

1=
T

%, 19924 10¢

4 A1248 A2

st WeEs A19EA6%,

=

]

7

o

R

B

~
Ho

o

el

1990.

A, 1998.

1

718}

~
Ho

olo

o, @)/ A stal A, 4137 A3, pp.

IoF

221 ~229.

3r

, bp 348~351.

;Q
Aol el <

e

i

=
T

o
23
el

B/
A

ol
T
_ZT
=)
ol
Ho
ﬁo

B

0

Nr

T

A

ar
=

d=d

=
3],

A, old+, 1998, 7

tS, pp. 126~137.

Ly

7

05}

%

o

s

’

:rL

4%, 1995, BFAY FEo|GA el A

ToF

N
Ho

%, pp 344~347.

.
ETEE

3]

22
~

1=}
=

:rL

B

A

Tor

i

oy
o
o
ﬁo
o

ol

5

71843+ (VOCs) €]
, pp. 310~390.

e

LxAbe ek AT, S 7| B A A A9 A4

Jo

ol
oF

o
B

_ZTI
e

"
)
)
ﬁo
=

’

=], vol. 1, No. 3, pp. 22~ 30.

51_

o
1o
Nd

;O‘ﬁy
o

A

ﬁo
B
e

xA

welE

)
ES

sk, 1997, Axl=re] VOC Al

14.

- 106 -



15.

16.
17.
18.
19.

20.
21.
22.
23.
24.
25.
26.
217.

28.

29.

30.

31.

skslzl, 2000, =W VOCs #2leo] < 53 % A9 A3 A7|& 74935,

pp. 50~55

EAZss], 1998, “21417] AW 1849 27 Avy dxF.
Bt E A, 1993, “FEA ARAE o] & Hek F& Z-FA ] AR
=¥+ 3], 1997, KS F 3101, KS F 3118, KS F 3119

=¥ FY 3], 1997, KS M 1701, KS M 37017, KS M 3702, KS M 5320,
KS M 5000 2411, KS M 5000 2412, KS M 5001

Sk -, 1999, Aug71d Fe o] gk AT

S5, 2001, AHEFZH] VOCs 54 2 Alojukstol thak 7] A}
371443, 2000, 2 VOCs E&3] 254,

ST/ AHE, 1999, AT/ H AN EA R 99 AEF

371 A3, 2000, A173] F1HA 71E AvY 2000 AEA.
oo} 7) B 8ts], 1998, dl 7184 9 3 HA 78 E A,

TG B71E, 1996, VOC(R A 718kt =) WA 71 Amd,
BERRATRH &, 2000, JHEAER T v N —1k, BEMR o EEE GG
(VOO RO TV T & FRBGSNE

Bruce A. Tichenor, Mark A. Mason, 1988, Organic Emissions from
Consumer Products and Building Materials to the indoor Environment,
JAPCA, Vol. 38, No, 3, pp. 264~ 268.

F R de Aquino Neto, J] N Cardoso and L S R Brickus, 1999,
ASSESSMENT OF INDOOR AND OUTDOOR TVOC IN A
RENOVATED OFFICE IN RIO DE JANEIRO, BRAZIL, Indoor Air 99,
Vol. 5, pp. 352~357.

K Levsen, E Iigen, ] Angerer, P Schneider and ] Heinrich, 1999,
HUMAN’'S EXPOSURE TO BENZENE AND OTHER AROMATIC
HYDR OCARBONS : INDOOR AND OUTDOOR SOURCES, Indoor Air
99, Vol. 5, pp. 312~317.

J.S.Park, S.Fujii, 1999, EVALUATION OF VOC EMISSION FROM SOLID
BUILDING MATERIALS BY DIFFUSION MODEL, Indoor Air, Vol. 5, pp.
161-166

- 107 -



32.

33.

34.

30.

36.

37.

38.

39.

40.

41.

Martin A. Cohen, P.Barry Ryan, Haluk Ozkaynak, Paul S Epstein, 1989,
Indoor/Outdoor Measurements of Volatile Organic Compounds in the
Kanawha Valley of West Virginia, JAPCA, Vol. 39, No, 8 pp 1086~
1093

John C.S. Chang, Bruce A.Tichenor, Zhishi Guo and Kenneth A. Krebs.
(1997), Substrate effects on VOC emissions from a Latex paint, Indoor
Air, (7) 241-247.

L.Molhave, G.Clausen, B.Berglund, J.DE Ceaurriz, A.Kettrup, T.Lindvall,
M.Maroni, A.C.Pickering, U.Risse, H. Rothweiler, B.Seifert and M. Younes.
(1997), Total Volatile Organic Compounds(TVOC) in Indoor Air Quality
Investigations, Indoor Air, (7) 225-240.

H.N.Knudsen, U.D.Kjacr, P.A.Nielsen, P.Wolkoff. (1999), Sensory and
chemical characterization of VOC emissions from building products :
impact of concentration and air velocity, Atmosperic Environment,
1217-1230.

Rikke bramming jorgensen, Olav bjorseth and bjarne malvik. (1999),

Chamber testing of adsorption of Volatile Organic Compounds(VOCs) on

material surfaces, Indoor Air, (9) 2-9.

S.K.Brown, (1999), Chamber assessment of formaldehyde and VOC

emissions from wood-based panels, Indoor Air, (9) 209-215.

Lance A. Wallace: Volatile Organic Compounds, Indoor air Pollution p.252

- 271,

Hal Levin: Building Materials and Indoor Air Quality, State of the Art

Reviews p.667-693, Occupational Medicine 1989. 10.

John R. Girman: Volatile Organic Compounds and Building Bake—Out,

State of the Art Reviews p.695-712, Occupational Medicine 1989. 10.

Jacek Namiesnik ect.: Indoor Air Quality, Pollutants, Their Sources and

Concentration Levels, Building and Environment Vol. 27, No. 3 pp. 339-356,

Pergamon Press, London, 1992.

- 108 -



42.

43.

44,

45.

46.

47.

48.

49.

50.

ol.

Jonathan M. Samet, John D. Spengler: Indoor Air Pollution, The Johns

Hopkins Univ. Press, U.S.A., 1991.

ACGIH: Advances in Air Sampling, American Conference of Governmental

Industrial Hygienists, Lewis Publishers Inc., U.S.A, 1990
Susanne V. Hering: Air Sampling Instruments, American Conference of

Governmental Industrial Hygienists Inc., U.S.A, 1989.

ASHRAE (1989) ASHRAE Standards 62-1989 "Ventilation for acceptable

indoor air quality”, ASHRAE, Atalnta.

mmission of the European Communities (1992) European Concerted Action
"Indoor Air Quality and Its Impact on Man”, Report No. 11, Guidelines for

Ventilation Requirements in Buildings, Office for Publications of the

European Communities, Luxembourg.

IVC(1994) Ventilation and Building Airtightness, Air Infiltration and
Ventilation Centre, UK.

P.Ole Fanger(1990) New Principles for a Future Ventilation Standard, The
5th International Conference on Indoor Air and Climate, Toronto Canada
Environmental Health Directorate (1989) Exposure Guidelines for

Residential Indoor Air Quality. Minister of Supply and Services, Canada
William P. L. Carter, Dongmin Luo, Malkina and Dennis Fitz

environmental Chamber Data Base for Evaluating Oxidant Mechanisms,

U.S. EPA Research Triangle Park, Voll, 1993.

William P. L. Carter, Dongmin Luo, Irina L. Malkina, and John A. Pierce,

Environmental Chamber studies of atmospheric Reactivities of volatile

Organic Compounds. Effects of Varying Chamber and Light Source, U.S.

Statewide Air Pollution Research Center, 1995.

- 109 -



& N
.M.J o mﬁ o
®° = mo < ML o B WK
A ERGa ° XK
oK A wi ) 1@ = m,ﬁ B o
oy = o o TR HoF LA
B & f o @ § xS S o s
e Mo T < T Mo B s g AR = W oo
) N - NG T LA s ®
~ —_— oy gy ® = < X xl
ofF A N <M o w R n wﬁ Wm e = o Mrﬂ 1H L}
_ ] o B o w e 5 e e 0w B
T o ® rom T - 8l D e T om s
oL ) g E Pl g w B % 2 i 2
o B '~ X - - = ! N
P nﬂﬂgmm?@ mgogg%g%aa i
K o P E o il o g H o = _ 3 T
freas O‘.# — KO - —_— ° — 0 ~ = @) o ,mﬂ
= 70 ® X N o o % N oy g A
ul o oy T L < e G o Z, ]ﬁ —~—
T . sl P X ww Z w2
= ovp_aw_ogﬁﬂ E.@ofrm}ddr.ﬂo = U
fLi) — 0 0o ) =0 ﬂﬂ —_— < N L —_
o X0 X 9 i Il =2 = ™o X 0% w X el o P
o o = A = %k wr?ﬂaﬁ = o v ey
s ST LEh T SR P xo M
w _ Jmuwmnmlo 5 = = o O T e - i
- 2IfEn: 1Q%LOWEM% 3
il A = T g ke ,® oo E 5
W - o JH Hh ~ EL mrw_.: i o o° &m r wﬂmﬂ H o -
D = ‘ﬂ B T o T o o)) w0 5 <0 IH o e
T g%mmzlo%ao emgﬁLM%mg% ~
NF oo T ° ) a7 ~ o o
o] = Ho oy [ 0 e = o nl
o o - w B3 mgu%]jﬂu%% X
= = 3% > N " — Gl
o o) zHTw Shzw Gl T
Lf Wﬁ »AE 1 o i) o 10 s ~ Lf :mﬂ O_
N T ) Plo - o B TS N o o <
—_— JAN N — MJ = X F ™ HL e lo ) BR
< qgoo»ﬂﬂwﬂw %ﬁazﬁew}%wﬂ il
‘WJ Mo (S N B o N RO El ﬂ% ,Wm H T < o <
BN N WL T K 2 ) e N o = o ! to o Y o R
. 1 T T o k Mo R0
oy = L@ O S B oy M 1? N B! _ T 7
s B2 A 5o & g T NP e = T
s@l@.& H,mﬂ%ﬂ},mna. 5 ﬂugo
<)o o) W < W =~ N i) X o
T W & o s W o o o mw
=n OT iO T U.W = 0 — OﬁE
Bo T - BH LE I T
o O‘.# ‘MM %ﬁu X N
IR NR = =
Mo~ ly _zo
4

- 110 -



A A S

;OL
=3

%
R

A

w

o
o

o

H,

st Wk F2 TVOC7}H

o

w5 v of

oj
ofp
oR

=

]
A

/5]—

T

o
-

7FE A

[e]

]

Rz

HA

of sufell A 4wzt = 7]

gepsel AFA ¥

%

R

o el 5%

ki3

&

H,

oM ANmE Ab

kol A el TVOC

3

[k
=

Al
45 dutq o ARG H

R

1

o
j

]
TVOC?e e d=do] 7]

=]
K

’

3L
o

i

o
1l

woll 2A

FES
o
o

b

)

R

|

A
or

A

=0

H

=1
=

L=

ZHA)

=
=

2 AZERA A g

AU A&7

i

9]
«

239 4

4]

S

3L

S},

AUEr|ed=4ds AHAA77 A% A
°

2) 1AB/EHE 5
Abgrel 214

3) &7]#g

o] of

Lo
TR

H]

)
~
o

)

~
5

A 8o

EEEE

- 111 -



4) =

W
B

Y

)

dE4 AA

of

;o,._
4

il

o

5) Aduivizk

Built-In 7} ol A
AFA7A 7FA) 2

5=

b1 9l

3|

A
ZS|

%ol

5] 2 el of

o
-

h=i}
=

NEolgee] AR AT

A

9]

1

NEXS

g}

}of oF

S

e el 2 Flush-Outs A A

o))
ol
ilf]
i3

6) Hlol 2 ofx A

A Foe =

ko3
T

317]¢} Bake-Out ©]

Z] 0]
R

4

A

Bake-Out

Flush-Out& 2 A

;OL
)
Ao

TaA Ad4

i3

7 AFAS AHE7I@F o

)

ﬁo
5

2

- 112 -



ABSTRACT

A Measurement of Formaldehyde and Volatile Organic Compounds in

Newly-Constructed Apartment Houses.

Park, Jin Chul

Department of Architecture

The Graduate School of Chung-Ang University
Advised by Prof. Rhee, Eon-Ku, Ph.D.

This study aims to understanding indoor pollutats in newly-constructed
apartmant buildings and emitting characteristics of indoor pollutants such as
formaldehyde and VOCs. To analyze the emission rate of pollutants, the
study selects typical building materials which might affect the Indoor Air
Quality (TAQ).

In addition, to analyze the reducing effect of indoor pollutants, the study
select newly-constructed apartment buildings which 1is constructed with
environment friendly materials or advenced materials that is presented
solutions for reducing indodr-pollutants. Finally, the study propose the
fundamental strategies for improving the IAQ.

The fundamental strategies for improving the IAQ in newly-constructed
apartment building can be assumed as follows, based on the results of the
study.

After scrutinizing the results stated above, measures to improve indoor air

quality in newly-constructed apartment houses are suggested as follows.

1) Building materials which have low emission rate of pollutants should be
selected to resource control of indoor—pollutant which is emitted from
finishing materials, furnishings and living—patterns of occupants. Manufacturer
should make effort on developing Non-Toxic materials to reduce the

pollutants from polluitng materials such as flooring materials and adhesives.
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2) Indoor—pollutants emitted from building material is not occurs in sudden,
but it occurs steadily. So the continuous ventilation should be considered
through mechenical ventilation system can be supplied and in early stages in
moving, ventilation quantity should be increaced to reduce the indoor

pollutants.

3) In recent newly-constructed apartment buildings, constructors seal the
rooms tightly for interior pulity and protection, The emission rate of
pollutants is different for every finishings. Even using the low-emission
materials accumulated pollutant is considerable. Through the ventilation
program before and after the construction, indoor air pollutant should not be
accumulated. And these ventilatioin program should be applicated throughout

the construction stages.

4) Effect of natural ventilation need to be improved using quantitative
analysis method for design variables such as building shape, plan type,
opening, modular space of newly-constructed apartment buildings. In office
building, there is no enough natural ventilation to exhaust indoor air

pollutants to out door air

5) Reducing the indoor air pollutants emitted from basic furnishings of
newly-built apartments or Built-in furnishings of office buindings, Flush-Out
need to be performed by opening all the doors of furnishings and rooms until

the time ocuppants move in.

6) Continous ventilation during the Bake-Out and operating Flush-Out with
maximum ventilation after the Bake-out will cause increasing of emittion rate
of indoor air pollutants on porpuse and it will result lower emittion rate of
indoor air pollutats. This 1is essential because the pollutants from
hign-emission material might re-absorb to low-emission materials. Especially
interior finishings in summer seasons, it seems that no Bake-Out is needed
but, enough ventilation is essential.

In winter seasons, emittion rate of pollutant i1s low because of low
temperature, the Bake-Out has to be performed under discussion of ower and

related experts.
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