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2 359, ZELUF|=E 10.76, o-AD &S 28.742] AUj/ale] FErE JeR)ItH

Abstract: This study was performed to investigate the distributions of volatile organic compounds and carbonyl

B &

compounds at the 120 households in new apartments before occupation. The concentration of toluene, m, p-
xylene, formaldehyde, acetone and ethylbenzene dominated as 272.81 ug/m’, 98.90 ug/m?, 71.68 pug/m?, 70.58
pg/m’ and 49.76 pg/m®, respectively. The identified compounds by standards occupied 42.5% of the TVOCs,
also the concentration of toluene occupied the largest part of the identified compounds as 18.5%. The
concentration of formaldehyde and acetone were 43.1% and 42.4% among carbonyl compounds. The indoor/
outdoor ratio of the concentration of benzene, toluene, formaldehyde and o-xylene were investigated 1.29, 3.59,
10.76 and 28.74, respectively.

Key words : Indoor air quality, Indoor/Outdoor ratio, Formaldehyde, VOCs.
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Table 1. The number of households by each sampling site
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, AGHEE = A 36M, 1A 36MIT, 7] 2
12410, 73 A8l 1240, A 52 1240, A o
F AN E FA AT (Tuble 1)(Fig. 1). BEE2=
208 8 0|3}, 20~30% 3, 30~40E 3, 408 oo
TEA2H, 30~408FH7F F HFAE o] FUTH

SANEEL-S WA, S5, ogiAd, AddA 5
4471 i AP F71s =S FIEE RIS E
(Total Volatile Organic Compound; ©]3} TVOC), 671
9] FHHESFEEELU I, oM EL T =, oA
=, 2RIy, R s E)e 4 43
ATt

Seoul Gyeonggi Incheon Gimhae  Mokpo Yeosu
A B C D E F G H I J K
Lower floor 6 2 4 4 4 2 2 4 4 4 4
Middle floor 6 2 4 4 4 2 2 4 4 4 4
Higher floor 6 2 4 4 4 2 2 4 4 4 4
Total 18 6 12 12 12 6 6 12 12 12 12
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Fig. 1. Sampling sites in Korea.
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A 7138 E Al EAF = MP-X30H(Sibata,
Japan) HEZE ARE-3le] 100 mL/min 322 60%7F
Tenax-TA 200 mge] S ¥ F23H(1/4"X9 cm, Perkin
Elmer, UK)S ©]-&-3te] A &tk 232 AHE
Aol AHs A ] Fx]<1 Tube conditioner(ATC 1200,

pe| (_6':] =1

71815 9 71 e ) TR Y 54 19

ACEN)E ©|&3}4 320°Co A 1A17F A 2lste] A}
L3tk A BAH A AEAFHE 2 ARREE F3F
& 0]19)9] field blank& F2HS vhste] A EAH
2 Sk BA7IZE o A B S e oY it
BAE st 7tRIEF=E] AEAFH= MP-
100H(Sibata, Japan) HXE AF&3}le] 500 mL/min
FFo 2 60%7F DNPH 7HE 2] A (Supelco, USA)E
o]-g-3ted jH 3Tt ol FFRISIgHE Al ERRA A
Fo] IS e 0ES AAG) Y eE2A
28] (Waters, USAYS 7HEZ]A] ol A2lslit). A&
ANF Al viok A 2413802 AHE-E]= DNPH 7HE
24| o]€] 9] field 7IERAE FH et A EAH 2
24 - BA77E 5ot HAE £ e A oY o
st RS Ak A, AlEE AF F 15Y o
off BAEen, AHAE AlEe D FHE 4
A7A] 4°C] Y7o BaA3HATE

23 AEEM=EA

VOCe & A &S 93¢ 7 % (calibration curve)
o EFAE FH AANE olgete AW HFEA
(Japanese indoor air standards mix, Supelco, USA)<
Szl 3 ol ThE STA TE=4F9(20 ng,
50 ng, 100 ng, 200 ng, 500 ng) FFA|BES 245}
23 AT TVOCE HEEFEAS o] &3 7R
AHer 27 A st F=5 Felle
w, 2 ¢ /1 VOC= 7 == Fx=ddd g
AAFE ol g3t T=E A olu e
T 2 AR AHEE EEE fadEe Folka
ZrEI2(TIC)S °]-&3Ith

TR B AR SHE VOC tidEE €
EA = €E24X(STD 1000, DANI, Italy)7} 7}2~

@ Target : Formaldehyde
@ Sampler : 2,4-DNPH cartridge with
ozone scrubber

@ Flow rate : 500 mL/min
@ Sampling time : 60 min

- s —smin @ Y

@ Target : VOCs
@ Tenax-TA 200mg
@ Flow rate : 100 mL/min

@ Sampling time : 60 min

Fig. 2. Sampling method of indoor air pollutants at the new apartment.
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Table 2. Analytical condition of Thermal Desorptor and GC/MS

Thermal Desorptor GC/MS
Parameter Condition Parameter Condition
Purge temperature and time 40°C, 0.5 min GC column DB-1ms (60 m><0.32 mm>0.25 um)
Desorption temperature 300°C Initial temperature 40°C (10 min)
Desorption time nd flow 15 min, 50 mL/min Oven ramp rate 1 4°C/min (40~180°C)
Cold trap low temperature -10°C Oven ramp rate 2 20°C/min (180~250°C)
2nd desorption temperature 320°C Final temperature 250°C (10 min)
Cold trap holding time 15 min Column flow 1.5 mL/min
Cold trap packing Tenax-TA MS source temperature ~ 200°C
In Split No Detector type EI (Quadropole)
Valve temperature 200°C Mass Range 35~350 amu
Transfer line temperature 200°C Electron energy 70 eV
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Fig. 3. Chromatogram of VOC standard solution.
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Fig. 4. Chromatogram of DNPH-aldehydes/ketones derivative.

Az npE ) 2/28 ZE-4 7] (Shimadzu, GC-2010, Japan) H EAYE voce dAH 2= 300°C A 50 mL/
of A3 AAE A="S ARt 2l A min® FFL2 15587 A
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Table 3. Analytical condition of HPLC

Parameter Condition
Injector Shimadzu SIL-10ADvp
Column ACE 5 C-18 (250 mm>4.6 mm><5 pm)
Detector UV-VIS Detector, Shimadzu

Mobile phase Water(A)/Acetonitrile(B)

0~20 min : A/B = 80/20—40/60
20~22 min : A/B = 40/60—80/20
Absorbance at 360 nm

1.0 mL/min

Injection volume 20 ul

Gradient elution

Detection
Flow rate

9] 2700 A4 E BFEAE] g HPLC A2v}
ERe Fig. 40 YER QAT

3. &dx 3 nE

31 F2 dU37| 2¥=F
TETalr 54 L= 5071
=714, A feidel w2

!
o] F=E thewatgh, REUA, Adigh, S, 2

Table 4. The concentrations of indoor air pollutants at new apartments before occupation

Compounds Mean S.D. Max. Median Min.
Benzene 3.05 1.33 5.81 3.12 0.00
Methyl Isobutyl Ketone 7.83 5.62 23.39 6.66 0.00
Toluene 272.81 77.34 502.62 268.56 100.12
Butyl acetate 20.48 22.70 85.14 9.55 0.00
Ethylbenzene 49.76 45.48 237.01 31.77 4.63
m,p-Xylene 98.80 99.75 535.93 57.75 19.25
Styrene 10.86 8.47 37.48 8.58 0.00
o0-Xylene 39.12 4243 190.66 21.95 5.21
o~Pinene 16.36 15.09 58.81 10.74 0.00
[-Pinene 23.39 23.21 87.96 13.45 0.00
1,2,4-Trimethylbenzene 5.36 6.26 25.59 2.85 0.00
n-Decane 3.07 3.07 16.33 2.49 0.00
d-Limonene 0.38 0.87 2.98 0.00 0.00
Nonanal 5.30 2.86 13.61 4.62 0.00
n-Dodecane 3.73 2.86 13.45 2.95 0.00
n-Tridecane 3.40 2.39 11.75 3.10 0.00
n-Tetradecane 2.13 2.48 9.45 1.38 0.00
TVOC 1,477.72 923.79 4023.41 1,093.62 356.93
Formaldehyde 71.68 35.50 155.42 70.68 14.75
Acetaldehyde 13.61 6.17 28.74 13.68 1.57
Acetone 70.58 34.92 165.75 63.14 15.19
Propionaldehyde 1.81 1.95 727 1.19 0.00
Butyraldehyde 1.13 1.18 4.75 0.99 0.00
Benzaldehyde 7.63 5.79 24.52 5.84 0.25
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Table 5. The concentrations of indoor air pollutants in new apartment by region

Metropolitan(N=162) Local(N=68)
Compounds P-value
Mean S.D Range Mean S.D Range
Benzene 3.36 1.23 0.00~5.81 2.39 1.31 0.00~5.10 <0.05
Methyl Isobutyl Ketone 8.75 5.58 0.00~23.39 5.93 5.30 0.00~17.67 <0.05
Toluene 265.50 66.53 100.12~396.00 291.39 98.81 142.35~502.62 >0.05
Butyl acetate 27.09 23.15 0.00~85.14 6.66 14.00 0.00~74.15 <0.05
Ethylbenzene 48.95 50.45 4.63~237.01 51.26 35.16 9.41~147.10 >0.05
m,p-Xylene 101.44  108.86 20.63~535.93 93.75 80.93 19.25~316.07 >0.05
Styrene 12.42 8.48 0.00~37.48 7.64 7.60 0.00~26.06 <0.05
o-Xylene 36.39 44.00 5.21~190.66 44.18 39.50 10.20~181.58 >0.05
o~Pinene 18.33 15.59 0.00~58.81 12.12 13.20 0.00~44.88 >0.05
[-Pinene 25.79 24.50 0.00~87.96 18.09 19.36 0.00~84.61 >0.05
1,2,4-Trimethylbenzene 6.79 6.60 0.00~25.59 2.42 423 0.00~18.33 <0.05
Nonanal 5.17 2.85 0.00~13.61 5.63 291 0.00~11.46 >0.05
TVOC 1506.21 1016.13  356.93~4023.41 1413.63 681.56 424.42~2838.85 >0.05
Formaldehyde 73.41 37.58 14.75~155.42 67.90 30.58 18.04~140.98 >0.05
Acetaldehyde 13.00 5.90 2.93~28.74 15.02 6.62 1.57~24.56 >0.05
Acetone 72.82 31.03 17.40~165.75 65.65 4238 15.19~156.69 >0.05
Propionaldehyde 1.35 1.40 0.00~5.72 2.86 2.56 0.00~7.27 <0.05
Butyraldehyde 1.51 1.18 0.00~4.75 0.26 0.55 0.00~2.20 <0.05
Benzaldehyde 9.68 5.80 0.25~24.52 2.95 1.29 0.99~5.54 <0.05
Table 6. The concentrations of indoor air pollutants in new apartments by floor
Low floor Middle floor High floor
Compounds P-value
Mean S.D. Mean S.D. Mean S.D.

Benzene 3.07 1.35 3.08 1.20 3.01 1.45 >0.05
Methyl Isobutyl Ketone 7.44 5.00 7.89 5.57 8.17 6.37 >0.05
Toluene 277.04 84.40 269.13 65.42 272.37 83.86 >0.05
Butyl acetate 20.99 24.56 21.00 22.75 19.40 21.14 >0.05
Ethylbenzene 51.57 52.01 54.30 47.68 42.70 34.42 >0.05
m,p-Xylene 94.99 93.86 106.70 101.37 94.30 106.59 >0.05
Styrene 9.37 7.19 12.03 9.88 11.12 8.13 >0.05
o0-Xylene 40.96 46.16 45.51 48.88 29.84 27.36 >0.05
o~Pinene 15.53 14.42 17.00 16.16 16.61 15.10 >0.05
[-Pinene 20.00 20.01 23.42 24.16 26.86 25.36 >0.05
1,2,4-Trimethylbenzene 5.09 6.16 5.42 6.02 5.60 6.77 >0.05
Nonanal 4.58 2.82 5.49 2.49 5.83 3.19 >0.05
TVOC 1368.83 832.60 1500.06 877.68 1557.42 1058.89 >0.05
Formaldehyde 69.23 33.75 71.57 37.76 74.25 35.60 >0.05
Acetaldehyde 13.51 5.64 12.96 6.30 14.32 6.59 >0.05
Acetone 67.68 37.54 66.18 32.62 77.97 34.12 >0.05
Propionaldehyde 1.98 2.05 1.73 2.01 1.72 1.83 >0.05
Butyraldehyde 1.14 1.16 1.04 1.09 1.21 1.30 >0.05
Benzaldehyde 7.30 5.33 7.90 6.52 7.70 5.56 >0.05
SPLT TRl Tuble 49 APt 2AEE S € F AT TVOCS] HEEEE °F 1,477
o] shedgte] FERET W A e pgm’ollem, 7 27281 ugm’, m p-ALH
AUF7] L dEH ] TE= BAFREE st 98.80 ug/m’, LELH 3= 71.68 pug/m’, o= 70.58
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Fig. 5. The component ration of TVOC and Carbonyl compounds at new apartments before occupation.
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27t F R E 54 23
. i Butyraldehyde
Humolrﬁjl;emde - 07% Beruakichyde

4.6%

Formaldehyde
131%

Acetaldehyde
82%

(b) Carbonyl Compounds

th TVOCS ¢ A3 1368.83 ug/m®, % 1500.06
ug/m’, & 1557.42 pgm’e 2 ZAMES o, ¥ 5Y
g=9 AS$ AZ 7137 pgm’, 2 74.13 pg/m’,
IZ 8213 ugm’e g AFo| 1Fo R A= F
T7h o7k Fob oy, oAl Afole UEhA &
FTHp>0.05). £ EF T EE WFeH=dE
ol W {22l 2lolE HolA] AUt

33 AU37| 2=

olz vl /\]z TEF

2ol Y
Z8 AUF7] & TVOCS 715
dalgtEe] TARE Fig 50 UrEhH Atk TVOCY
A, BEEAZ gl #4E 52 42.5%, 2FEd
2 3RIEHA gFe EFo] 575%%, A e &
Hol gRlE FFHT 15% °)d B2 FAHE 2A
stath ER1E A F7181gE FoAe EF4do]
18.5%, m, p-%}%lfa 6.7%, NEMA 3.4%, o-AL
26%°] =2 2 H|FS AA T Tt sRE
o 3%, 25 %}tﬂ%l*:ﬂ 43.1%, obAlE0] 424%=
T2 A8 T 2202 s =9 K )

IFHE FES} iy B=E 1.1%9} 0.7%% Jth 2 &= Hlgo] Yigkr}
Table 7. The 1/0 ratio of indoor air pollutant at new apartments before occupation
1/0 ratio
Compounds
Site A Site C Site D Site E Site F Site 1 Site J Average
Benzene 0.69 - 0.88 2.04 - - 1.57 1.29
Toluene - 3.80 - - 3.81 3.16 - 3.59
Ethylbenzene 4.66 9.40 2.75 23.53 13.33 - 82.33 22.67
m,p-Xylene - 7.71 - 20.42 27.09 - 26.88 20.52
o-Xylene 4.75 11.53 5.63 34.30 18.00 - 98.24 28.74
Formaldehyde 11.27 22.60 8.86 11.81 6.73 12.42 1.60 10.76
Acetaldehyde 1.80 3.40 3.26 - 7.05 - 1.03 3.31
Acetone 10.45 1.80 9.16 7.66 - 3.10 1.54 5.62
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34 MUZI 2SR ALj/Ale| sEH|

WAl S, o @il A, m, p-ALH, o-AD A, E
S E, S ELGH IS, oHE 5 Fo AU
A=A AL FEHZE Table 79 VFERA AT
AY/AL] FEH= X G wgt zpol & Heo|w ot
Ao R 129-28.74°] WHEE 7ML WAL 1292
7Hg e A /ae] FERE Belon, EFAde
3.59, ZELH I =E 10.75 o)W, 0-AL AL 28.74F
M ' AW/ FERE YeRATh A/ e
FLEH7Y 22 EEASE A9 vls)] AuloA B
o] HAsk= EAYS &+ Al

4.4 B
AR A FFE e oGBA TR <
GEYS sotstd 93 A A%F FEFY 1204
g WoR Ty oPE HejzAE AT 2
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9 AFE-=
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& EZ4lo] 27281 uygm’E 71 B FEE XALE
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98.80 ug/m>, 71.68 pg/m’, 70.58 pg/m?, 49.76
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T, g, m, p-ALH, LE
GHB| =% Fo AUFT] LIYEHELS X F9 u
frefgt 2ol 7t JERA] 39k W (p>0.05), Al 53%
FHS AZR F20 y2RE Uiro] v wEA 3
A= Folgh 2o] 7k ERA] FkTH(p>0.05).

A, A& EFa oA T = TVOCse] 75,
EFEZIE I B4 H BFo] 25% 2 FAAEN
o, I F EFdo] 185%% 7P e vFS 2}
A&t 7RG sRHES] A, EEUUF| =9} oA
B0l 27} 43.1%, 42 4%2 E-E-S AR &)
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