H
LRE

A

(sick building syndrome, SBS)o|1},

o Al AFSIEAZ o], 1980

~H

zel
N
=
)

™
A

i
fiTe)

= Al

l

bR, )37 2 A

S

A7} o 4.

)

S edd A5 dA A3EA o}

o)

I

[e)
4909899 F9

7}

2]

HA =71 o
9] )

~
* Nk
[ite} 1__/|
e
oF =
o)
Heooog
X
~ J)
RO 3
Ee iid
oy )
T 7
—_
Q -
o g
[mt
2 m
e >
[4p]
5 2
Y =
o] M
w 3
oY 2
L
a. &
ST
o o
= NJo
< 0
B o ®
X o

= AEY o

7] @A E

A webdt o

S

w5 ey

DS

)

o
-

8} ek (CO), o4kt e4(COy), o]1tahd 22(NO2), oF&1t7F2(S0y),

o
2,

o=

=

X548

A571E2(VOCs),

(03), TAHA(PM10), F
(HCHO), A& &4, 2<=Rn)

=
| Y

of7] gt}

=
=

= 5 AN =

Hulelr), ASAAL AR 83

=
K3



717} 2= Al

o

file)
i

l

i

S

= dA ok

l

bo}. ek )

°©

Aol 7he

al
=

dslo] vhehit,

}

a4
1o

-

7}

ol
T
ool

ofy

N
Ho
<
Iy

AN Ae] A3

T

dl

7k

-

T

3

°©

§ oA

o

SE

[e)

o 25 A#s

ok
=,

At Bt

-

T

i AHE-=

=]

[

_(H
AR,

=
=

=
=5

o was)
o 2

==

o

T

0

Hlo

o

o

ol

F713HE (VOCs)ol 9

BH

o

mK
Nlo
~
ey

.

=
LY

SERED

=S

A #Ack 28k

=

bogw gl



g7k AR E 1S AlA s

) TS Fo 0 dEAY WA
% Q1A FFS P

19971 WHOS} EU”} Expert Task Force3|o]ol A =t

2]
Air Qualityd]l 8 29&54dy WAYS Ay o,

3 Guideline for

T Ao, A
Ao, A 3EFE FEsklth & 2% WHOS EUZE B¢ 8 23523
LS e

Sick
Building
Syndrome

Indoor ; n—"7 N
Pollution :

Multi
Chemical
Sensitivity

QA

(M=, 4

A

BEEFAT =

ERERA AL,
EERED




z L F
.
T o B wo e v <
, - , o - - = T
zo z o Bo % HT y <
) i - ® N ' -1 = <
|3 ik Mo - o % e O
= | N _ %o o G ]
I i o o :
a ? R A A, X "
> = " < o L~e " .
i o ‘m ﬂAE U.fl Jjul ﬂwﬂl AL .ZT - E
o = o m Do R o
f " e T bo LK Nfo i
0 R P b i y
T = k2 I Z LE HE :
o i Y SO O b A
wa ﬂ_ . - ~ XU T Ne
0 o . _z -
: g i 4 & *
F B o 3 , :
2. Eo < m o i z
— < | -
5w B , i g w Z
o R mo 7 A me g -
B B = ~ oK i v
NE | or = < o 3 :
mm 1 i X NN~ N mm b
EoaE o e BTIC T -
- o = A ik =%
<0 o @ﬁ T o % "~ m nﬂ fr W ~ M
S N et :

e Zau o
~1 A4r Hlo S —_
i C ’
ot Nfo T 2 A e T
o] — T M S = _% -

i 4S = 5 o
=) - B a 0 7 h _
O > 5" -
s O it a ! °
S o s o
g s




¥} AL (WHO, EU)

=z
FL ed=4

2.

B

ﬂ
do w0
G m°
% c
Njo Hw
o) e
3 -
- 7 o
o w T Hi
=0 e = — 63 N
A = i oF 7_
Mﬂ . OL EL 1r_u C
.Alk = ny = = o ‘N,._
i do Qo Al g o) -
i oy Mﬂ R . o IR B i (A o
o T 3 = 4 iL o X
&O n U,Hl ,mu ﬁ- _ ~~ -~ [ ‘Nﬂ
A M A ] MR N M ohy
4 dp w g o N - oy M o
T om N RN BT O R Sl . oo ~
A g ol N do | NV = To | = ™
TN OFE ™| T T BT | oo XOTR N e B Y
Mowm s wm o k| uo oM oEom o ow T B R Y BTE
o oKX OB oT T PR RRE FITFN T TR W
ﬂ% % ~ o 5}
A & - = ®) 2 — — 0
S 8 3 % &S % = ey R o oo W<
P 3 BK . OB e XKW s BN | -
olz © 5 5 & 414 0 oy O Bl e I 2 =
i £ & & 8|2 s + M 2w T EZF ST
ol 3 w2~ B, wjn RIS
N | P ]
Gy
i & e =
M- < = <y
=




Al

A

SRR E

L
=

#F

-
T

(HCHO)

=

]

S

5]
5] = (HCHO)

o

=20}
= =1
o]

-
X

)

I
X

1

N R A R S R C R a0l o
O gy N T — MR ey o N
do W = — N ~ N 2 T B o
XN & G NN e L e op
o = < ‘_myu‘._o‘ﬂhﬂ ‘ul&ll_ﬂ Q
= AT Nfo = o7 = ol e N = oo i
e T T o ®TX = E ORI
WPTem 2R % = e
S PRAdT @ @B — & O
H;I Eaﬂ‘ﬂ;llbr ,mOyﬂhm‘ﬂ.lzT EU Xy _vo_H 701] ‘_l.ﬂ_glorﬂ%#
™ R anxnoJ_/l NS GES dﬂ%% ﬂvvwro J) %/ is EEl
ﬁ%@;maw dﬂ_tﬂwu&r@. T N H o E%aﬂ
D ooy o W W o= 5o of = 7
" R H_T._ UTdﬂnO.ZTd.IE R ‘qomllo ZT‘M
S A O T S ! ° K
B mTER_ g oW~ 9 ~ Nz
mhmlonﬂa.u# ,HIMUWWM% zﬁﬂfrma T %
o»b,wom? Eﬂm_wemcmo DI, o R
T XNy B o W T B o
momui_. N .dﬁ_ﬂ%WE B! or%ﬂalw mlﬂa
e B I A o R - B o O gy
TRMBE o WD EE T Calch
=T o X T %o g Ty on N g %
wﬁm.wmﬁ%a%%ﬂ%aﬁﬁwm Eﬂmgﬁ _ o 2w
FERLLLEomEC® ZEZ® 5 U3
.0 Wi Yy O_ lo - - o O B 5 1orE B @) ~~ o
o o ™ 70 w5 i ~ T =ty _ S o = mw ofy o
%%@rﬂruogtlﬁ.uo,&ﬂﬂ o M op oo N 3z M
SESETEEsTizy 8¢ ; SE
AN o I - - S
< B KW oHo o o o S B g
oow W LR % N N ° Z
o Tw oS LG E e oy & B E
~ ) =l O . —
Emﬂmomzo}_dnﬂlﬂ% m_xuﬂq%@uﬁﬁﬁ Wm A_uWoLm_x
.ﬂll.Q; wo N —_— o =T T ™
Vﬂl%i%d Emowﬁiwﬂwﬂa}oo. oF uoﬂ
~ = Mo = W — B LS - o @ BN
- AM.H AT ‘El ol ,ml ,;b OT._ ZT N L.E N E.Tu _.E U.:l ‘Ul ~ ¢ _ O,#
T B o < (3 = 2 ol & D Gy
ol e U] B S T oW o o W T I Y UGN

=%

SelA] ko] A o] ul

=
=

af

LN

)=

242 wol Aeid ok AWHRYHFR(VOCS))
boll ] e 2] ol

A, AFAAL m A

-
T



A 2} v

=
=
=

A

-

T

2

et

T B ~
B %O M_AE N o W odE oo ! ]
o o= ,ZT,EO;EO%@@.
I Y M g U B WIS
o 22X o ﬂﬂorﬂﬂ]]]rioELt JAPﬂﬂCJUrm
. e oo - T T — = e
N S e " T HoN R <o M
= K™ _%u "~ oo W N _w&um W o 3 @ oy T B oﬁ
No R I XEE o o 914..%0(\ EW
évaﬁ . oW X aﬂﬂ o ]ZJﬂﬂiuo
B PG ) Ce R I
2ok =L w T R T 2T e
Mo TR S - I S I
_.E W . T ‘Ur S = g S EO X ~o ) p—" _.E B o
o_W_adﬂrﬂ;uﬂ%roﬂAoﬂo:ﬁ Lty a N 3
P w .zoWL}iuqu B W Eﬂﬂluo
Eo%o_. MUWMOﬂﬂrﬂﬂLoXﬂuﬂ M MEMM;%
— 3 o W ol o= B <0 oy o B ° 7o o g WE
N oof M N o { o T Ho T Jo o E T
P T W o do i o B ) do X2z X I i+
T j jatl ; B
SR F A oy BB A
R Wz T oo 1o A g mm,i@r;% o
éﬂﬂ&%Mmﬂiﬁ%ﬂ%i%ﬁﬂ o _bi@ﬂﬂ%
oy No oy T ‘BH = 3r ol X o N o iy = X o o< A bl
I X O‘# <) O,.# —_ = J:AlO Do . (o) T ;O_H —
qoR TR @ﬂws%o_:o%_zzﬂ ST i
@E%@Qﬂ%ﬂ%,%%ﬂ,&ﬂﬂo i mommzﬂmlﬂ
M%_mﬁmﬂ%%mi%ﬁaﬂ_ﬁﬂﬁmﬂo g WE_?%
aaaﬂw%odrohﬂam_myvmmﬂ&anmmmumﬂhﬂﬂo i m mﬂ@wﬂcovﬁuﬁ
n o —_— o B = . 0 = = w 0O
M O AN o & W o = oo T K T T ' ol i
HETEENERER ST T S
N = il _.E _vo_H — N Wi . ~©O _.E . m o E O A Eo
o X N = oﬂutiﬂozrg/ﬂrﬂ ] o uh\H%Ai
Aﬂo_amﬂ_iﬁdﬂJko O | = = EWmuH@.umﬁ
HE e E o ST FPLT 2 TR B XE
¢NaE}_?ﬂ%m%ﬁ%%ﬂo_aﬁo@ = o ﬂ_WINi
) ~ Ho o cU N LR T o ol ey - a g =~
W T T T = N g Yo T do T o B e oV o L% o
R OB P O MO R e g
T FUT T
o oF o T

/Kg/lslﬂ_t__:

o))

3o

7t2 R d 33 2.4-DNPH2HE]

-

-

2

XHO

=
-

=l
DNPH r%=A

7]



o vkgato] AT FEAE e 54 Ak 24-DNPH #%=

=AW EPA TO-11¢] 2 WAIHo] ok ZELHs|= AH A &2
DNPH #XA7F 217144, DNPH7F Q&3 wkg3sle] 1949 E4ES
FAse 5 Wl EAR EA%. 2] walE HAgsr] Y8 K7k Al

A}, £, THL

Y . ’

A
=
co] ZAo] JFL Fi ACEL BFYH} FE So| uk BFyael

— = ©
S 7] fsid= DNPH & ®¥le dFvsE 2d& of&sto] A Hadh
oh A L AR B FET 2A A Rt enEdR =Y
o] = Als BaElol /W8 EAste] 4To] Yl Bagit
NO, NO,
R! R!
C=0 + H,N-NH NO, ———————» C=N-NH NO, + H,0
/
R R
Carbonyl group 2,4-Dinitrophenylhydrazine Stable color Water
(Aldehydes and Ketones) (DNPH) Hydrazone derivative

1% 1. Carbonyl 83%¢ DNPH %43} w2,



2) A=A

Carbonyl 3}3t
0.1~2.0L/min9]
S a&S gerdte] BHel 2 dguolop 3 Rolrh wak, A

Z O

7] Foll A= &

S AAFH A, DNPH JIEFHAEZ o] &

<

l

= 3
Gl HHe AHELES Hehlnl, HH AL st
Al

N o

=2

DNPH¢} #H$-3le] Aldehyde #41 Aol W& =2

285k HeR olE AASY] HdA KIZF Tx%e] 1 Ozone scrubber

.

Dry Gas Vaccqm DNPH O; Scrubber

Meter Sampling Rotameter Cartridge Cartridge
Pump

19 2. Carbonyl 3E 23 A9 2A =

(1 7] +
(D DNPH ZIE# #]
; AA AEstE o] Amista = JFEYAY vRE 2 EAE &
of “EbH AT
@ Ozone Scrubber

 KIZ S350 9low, th7] 5 FiEi 15% oM A4 =d&

N hei=
@ Vaccum Pump.
@ Rotameter.
® Dry gas meter.

=, 714,

2 o] #Azbslo] A FHslodoF ot AF AX Y BAEE a8 20 YEMIQ

<] @ w < P < Airsumplein



% 3. DNPH 7IEgA ¢ 54
T R
Adsorbent 2,4—dinitrophenylhydrazine

Particle size

150~250 m (60/100 mesh)

DNPH loading

0.29%(1 mg/cartridge)

Capacity oF 75 ug formaldehyde

Background - Formaldehyde : <0.10 pg/cartridge
- Acetaldehyde : <0.10 pg/cartridge
- Acetone : <0.50 pg/cartridge
- Other : <0.10 pg/cartridge

Sampling 10~100TC

temperature

Collection efficiency

< 2.0L/min ©]3}oll Al 203 A] formaldehyde
95% o]’

(2) A 74

@ A 2% 20 YEkd mie o] 7+ RES Ao AAZ F=H|F
t}.
@ AHAFFS AFIHEAH Ao AFHA A 1.0~2.0L/mine] Lt
Q).
@ AH AT} Fw Ao A 2x9t ¢S SHste], I Hdge
2 F AHRFEFS B4,
@ A7 FaAW, HEIAE BEg T U 2] YH w9
AAA A A7 ACTE B Basit
® HEAFEE AR AHE neE ALE olfdte] D~@D9 B
T FAsto] o) EAnjrke] wigk ghow Fd
% ANFH A frelE A
> AH Fa FE YA F27F 50ug/mieldd A, AdA EAE 7t



A&

> AFHE CarbonylddE9 %7} DNPH7IEZ X9 &3S WA &
Folsfof gty

> WARI T A ZF2E71A] 9] 7|7ke] 2FE U] GEE )

> vEAIE 2 AR FEFS 9eE FAE g Carbonyl Freedt 33t
oA AAFT

(3) A5 F&
@ 5mL mass flasks <H] 3}
@ HPLC grade®] Acetonitrile 5mLE FA7| & o] &3] 7tEYAE F
HAlA Carbonyl 3¢ES FE3Y, o]= HPLCE HAlst)

3) HPLC 4
(1) = = Alef
@O HPLC A]2¥l (Model : Shimadzu LC 10Avp) — Gradient A9,
@ &5 (HPLC grade)
@ Tetrahydrofuran (HPLC grade)
@ Acetonitrile (HPLC grade)

® DNPH= F%=A43l%l Carbonyl 3}gHE &3 XF=A|F4TC IR,
; s|Adste] EHlE ST Q‘}:‘% HPLC=Z #Aste] ol& HAFFdo
2 ARE

(2) HPLC 4] 2 EX 4



¥ 4. HPLC ¥4 =7

Column Shim-pack VP-ODS(150 X 4.6mmID)

A : water / tetrahydrofuran(8/2, v/v)

Mobile phase o
B : acetonitrile

0->25min B 20->60%

Gradient program ]
25->40min B 20% hold

Flow rate 1.5mL/min

Oven Temp. 40T

Detection UV-365nm

: Formaldehyde

: Acetaldehyde

: Acetone

: Acrolein

: Propionaldehyde

: Crotonaldehyde

: 2-Butanone

: Methacrolein

10 1 9 : n-Butylaldehyde
12 13 10 : Benzaldehyde

11 : Valeraldehyde

12 : m-Tolualdehyde

UL

0 5 10 15 20 25 [min]

13 3. DNPH f=A43t¥ Aldehyde ¥+8&9 IJZwnE 13,

9]
NNV EA WN -




DNPH

Peaks:

. Formaldehyde

. Acetaldehyde

. Acetone

. Propionaldehyde
. Methacrolein

. Hexanaldehyde

(=PI =S PR N ]

0 10 20 30
min

a4 A B40A AFAG AA AR ARAED,

. US EPA #4 A=

1. Method for the Determination of Formaldehyde in Ambient Air Using

Adsorbent Cartridge Followed by HPLC, US EPA Method TO-11, 1987.
. Determination of Formaldehyde and Other Aldehydes in Indoor Air
Using a Solid Adsorbent Cartridge, US EPA Method IP-6A, 1989.

. Technical Assistance Document for Sampling and Analysis of Ozone
Precusors, EPA/600-8-91/215, Section 5 "Methodology for Determining
Carbonyl Compounds in Ambient Air".

. Standard Test Method for Determination of Formaldehyde and Other
Carbonyl Compounds in Air(Active Sampler Methodology), ASTM D
5197-92.
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3] VOCsZ
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. EPA TO-17°] HA =]
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= Canister”’}

N

A5 21 Canister?] W
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ALE3E

=
=

Hojde 2HH A 29 87

B

IAY A7tz

E W A 53¢ 33K (Breakthrough) 7}

VVOCs~

2 29]7Ao] 1/4inch (6mm)Q] €ld =1} -2 A

SVOCs7}HA o],

FHojdth VOCs SAo AFEH+= &34

2

=
3

Ao A FZA 7 200mge] S

|
&

A (100~500m'/g),

A(1000m'/g)= T+

57
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Canisterel] H]3}

Al 9EA ArtifactE A o] &

=1
QL

1ot 28y 337} (Breakthrough)
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2) Al A

FAAE F09 AADe DA RE FA5 AADY. FHAE Z4)
Al FA3 WA AR 5ES selse] FAAT e R
2 B4 AT FPlE g 25 E2 nelse] gt

SAFH A AFEEH= AHAES W 3~5mm A%, o] 100mm ZEe
oy 2" Ao g oo AU} 7esk FREA S AE
o B FHAE A AS ARESTE HE AME BT AFE A&

o
o
%
T2 A AZelo] wE BEEAF sfaR FHA G A Fste] Abga
=

z4

£
oo
o

o
=
oy
off o

ol

et

AF S skl t7]1E 10~200mL/min®] fFo. }
2 9= Holof b, MHA 7] AT L W ok T
H 5]
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e
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ol

(2) AEAHF R B
O ANEAFATS AF TRl sHA A ZAFGA 2 AZdste] 100mL/min
o] FFo® 3023 Fste] A g
@ AAS AHRS AFE DBl B4 A7A 5C olskE WFE
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5 EAA) ERe 54
= 3
527 Ay SR EAARM@Y 2NE
C) g)
Carbotrap' 'C _ -3 W9 n-Cs ~ n-Cis9]
Carbopack™C n=Cs ~ nCeo > 400 12 Alkylbenzenes¥ Aliphatics A&
B.P.100 ~ (_1;}?51—00) setE,  FaAAEA
™ o P
Tenax "TA _C4OO C_C 350 35 _smgo] oksk =4 AL B3
1o T e (B.P.>150)
B.P.100 ~ oF ) ) 71
. -l Al (Alkylbenzenes)
Tenax GR 4507C 350 35 _7)414 PAHs & PCBs
H—C7 ~ H—Czo
-FH 28 VOCs H&EB.P>75T 9]
3
Carbotrap o] AE, &=, Lddsl= x3gh
Carbopack B (n-Cy)n-C7 ~ -HAE 3 HeQke] EE F
Carbograph n-Cus »400 100 =
TD-1 4 3=
—E S A ST L EXSSEE
-F A7}~ (trace gases)
—Frelet Mele VOCs(ME s
T™ - © H ™ =
Chmmozorb 10 B;dg% 250 350  ®u} Fwdo] 2@ haloforms
bshsletE 23
BP.50 ~  EEESED TR
Chromosorb 106 200 250 750 5| uba 28815 B
B.P.50 ~ J s _
-Abslslet e S ¥ Esk At
T™ o H = (SR
Porapak "Q 2007C 180 300 mele] 678t
1’1‘C6 ~ 1’1‘C12
-3 UEHRF A=
B.P.50 ~ (acrylonitrile, acetonitrile,
Porapak N 150C 180 300 propionitrile)
n-Cs ~ n-Cg -¥gld 2 EtOH, MEK S o 2%
o] 3wty =
-VCM, 2t3to €Al CS,, CHoClo®}t
™ a —30 ~ 150C e A IIFE
Spherocarb Cy ~ n-Cs >400 1200 “MeOH., EtOH, o} =3 2
S ER
M
Carbos1egle S-1II Cs, Cy BFBl 0} e ZEjulA
™ -60 ~ 80T 400 800 shetE
Carboxean 1000 -3]%A haloform¥, freon¥
Moleculslr sieve ~60 ~ 80C 350 “1.3-BE] el ofAkabA a

AA S-S S8 FA A (water retention) S Kook wkek Al g71 A

Fe FelAE ALgeA T A,

3L




3) AlsatA B A

A A FZAFH DS 300~350CE 7tdste] derxty ZHHRES A=
3 H slraEnEag e 29ste] EgddA £

AdoA F28 BHE2 dFEA7)d 98 AEdofdn. dEd B4 2
2ulEafy ~dER ] AW A ARFEA o] Thsstd, nAA RS &

A H W] T LA FES w= Sl Agei

3% 6 GC/MS A4 =1

Thermal Desorption

Desorption temperature 3257C (relative with sorbent)

Desorption flow 30 mL/min, 15min

Focusing trap Ligq.N2 or sorbent

Desorption of focusing . .
. 40C/min up to 300C
rap

Gas Chromatograph

Injector temperature 3007TC
Carrier gas He, 1.8 mL/min
Column OV-1 capillary column(0.32mm i.d.<30m 1.)

50C(5 min) - 8C/min - 200C

Temperature program .
P Prog (until all target compounds elute)

Mass Spectrometer

Interface temperature 250C

lon source temperature 200T

lonization Electron lonization(70 eV)

Mass range Scan, m/z 35 to m/z 300

% Reference : EPA compendum method TO-15a, 17
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4) Method for VOCs analysis by using thermal desorption

1. Determination of Volatile Organic Compounds in Ambient Air Using
Active Sampling Onto Sorbent Tubes, US EPA Method TO-17, 1999.

2. MDHS(Methods for the Determination of Hazardous Substances) 4
Generation of Test Atmospheres of Organic Vapors by the Permeation
Tube Method, Health and Safety Laboratory, UK

3. MDHS(Methods for the Determination of Hazardous Substances) 72
Volatile Organic Compounds in Air, Health and Safety Executive,
Sheffield, UK

4. TAD(Technical Assistance Document) on the Use of Solid Sorbent-based
for Ambient Air Monitoring, USA



