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Abstract: This study is for investigation of indoor conditions with air contamination after occupation 120
households in brand-new apartments by measuring the concentration of VOCs and carbonyl compounds. It has
been found that TVOC (total volatile organic compounds; TVOCs) were 688.61 pug/m’ after moving in. And
formaldehyde, toluene, m, p-xylene, acetone and ethylbenzene were 158.56 pg/m’, 146.58 pug/m®, 69.28 ug/
m’, 63.80 pg/m’ and 29.65 pg/m?, respectively. The mean concentrations of indoor air pollutants tend to decrease
along an increase dwelling period. But, the mean concentration of d-limonene increased from 2 months to 10
months. Also, toluene, ethylbenzene, m, p, o-xylene amounted to 38.8 % among VOCs studied, this ratio tend

to decrease along with and increased dwelling period.
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Table 1. Sampling date in dwelling period

Dwelling period Sampling date

2 months 22, February~15, April, 2005

4 months 24, May~5, July, 2005

6 months 1, August~12, September, 2005

8 months 4, October~9, November, 2005

10 months 28, November~16, December, 2005
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Table 2. Analytical condition of thermal desorber and GC/MS

Thermal Desorber GC/MS
Parameter Condition Parameter Condition

Purge temperature and time 40°C, 0.5 min GC column DB-1ms (60 m x 0.32 mm x 0.25 pm)
Desorption temperature 300°C Initial temperature 40°C (10 min)
Desorption time and 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 300°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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Table 3. Analytical condition of HPLC

Parameter Condition
Injector Shimadzu SIL-10ADvp
Column ACE 5 C-18 (250 mm x 4.6 mm x 5 um)
Detector UV-VIS Detector
Mobile phase Water(A)/Acetonitrile(B)

Gradient elution 0~20 mir} . A/B = 80/20 — 40/60
20~22 min : A/B = 40/60 — 80/20
360 nm

1.0 mL/min

Injection volume 20 pl

Detection
Flow rate

£ |83l e, HPLCY X 27AL Table 39 YE}
Witk DNPH %A= 350~380 nmol| A Hhe] 7+
=5 7HA HEZ B A= 360 nm A 7
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Table 4. The concentration of indoor pollutants in brand-new apartments after occupation

2 Hit 158.56 pg/m’ ©|AU k. &
FA, m, p- AL, o}AE, olguldlo] 7tz sk
146.58 pg/m®, 69.28 pg/m?®, 63.80 pg/m’, 29.65 ng/m’
o2 =4 vehgtth A vocsel g, -3l 2
FEe ZH2F 1292 pg/m?, 10.02 pg/m3ol Y1, -2l &
We 1171 ugm’e) w25 Yebdth Fa Ao a
o o3t FFFY W IAWER7ISGES TELT
3|29 FEE AN A3, WA, EF, dgdiA,
A, TVOC, EEEUs| =9 57t 27t 69 pg/
m®, 280.5 png/m’, 22.9 ug/m®, 300.3 ug/m3, 1,691.8 ng/
m’, 77.7 pg/m> &2 B IS AT o) B ArAz
o} vlwsl EELdd =} oAl S A9ty BF

& 522 Uehe Aot =3 A2 H) 4T

(Unit : pg/m?)

Compounds Mean Median S.D. Max. Min.
Benzene 1.55 1.19 1.58 11.03 0.00
Methyl Isobutyl Ketone 1.95 0.96 2.47 10.83 0.00
Toluene 146.58 126.79 93.45 514.49 13.43
Butyl acetate 5.53 3.95 5.62 34.59 0.00
Ethylbenzene 29.65 17.00 3298 190.60 1.49
m,p-Xylene 69.28 39.23 74.19 405.39 2.56
Styrene 9.71 6.48 9.78 55.75 0.00
o-Xylene 17.03 10.92 16.70 82.49 0.64
a-Pinene 10.02 7.40 8.80 46.17 0.00
[-Pinene 12.92 8.58 13.61 70.20 0.00
1,2,4-Trimethylbenzene 3.39 3.03 2.54 13.71 0.00
n-Decane 3.74 2.76 2.96 12.97 0.00
d-Limonene 11.71 7.60 12.18 67.97 0.00
Nonanal 8.68 7.89 5.64 29.42 0.00
n-Dodecane 2.79 231 1.77 10.75 0.00
n-Tridecane 3.50 2.85 235 12.48 0.00
n-Tetradecane 3.50 3.06 2.04 11.24 0.00
TVOC 688.61 614.55 344.16 1939.87 105.66
Formaldehyde 158.56 136.31 95.30 484.94 10.30
Acetaldehyde 22.32 20.97 11.16 59.40 0.00
Acetone 63.80 48.11 53.87 300.79 0.00
Propionaldehyde 5.34 4.22 4.89 22.32 0.00
Butyraldehyde 4.89 0.00 7.17 30.03 0.00
Benzaldehyde 15.02 5.46 22.48 122.37 0.00
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Tuble 5. The average concentrations of indoor pollutants in brand-new apartments along with dwelling period ~ (Unit : pg/m®)
Dwelling period after occupation
Compounds
2 months 4 months 6 months 8 months 10 months
Temperature 26.39 28.62 25.13 22.54 22.44
Humidity 60.69 72.83 51.87 35.98 33.78
Benzene 1.59 1.00 0.86 1.76 2.66
Methyl Isobutyl Ketone 4.12 2.66 1.77 0.22 0.00
Toluene 254.04 162.01 120.20 91.31 75.10
Butyl acetate 10.10 3.25 6.62 3.53 2.94
Ethylbenzene 52.31 34.98 25.66 13.82 11.81
m,p-Xylene 114.81 83.07 64.56 32.76 31.45
Styrene 16.53 13.83 6.79 5.05 4.05
o-Xylene 22.72 20.73 18.32 11.04 9.57
a-Pinene 13.86 12.28 8.88 7.19 6.59
[Pinene 18.83 16.39 10.74 9.45 7.05
1,2,4-Trimethylbenzene 391 3.85 3.05 2.69 3.28
n-Decane 4.05 3.42 433 3.60 3.08
d-Limonene 6.17 7.35 8.42 19.78 18.24
Nonanal 10.50 12.08 10.26 597 3.51
n-Dodecane 3.63 2.83 2.93 2.20 2.13
n-Tridecane 4.12 3.79 3.81 2.90 2.64
n-Tetradecane 3.37 3.52 4.05 3.53 3.00
TVOC 837.05 713.72 660.11 604.78 566.95
Formaldehyde 212.25 220.51 147.79 89.89 97.39
Acetaldehyde 25.83 26.79 17.89 19.14 20.43
Acetone 120.22 65.62 36.02 35.75 41.80
Propionaldehyde 5.80 8.12 4.02 5.08 3.06
Butyraldehyde 0.00 5.43 6.84 7.47 5.98
Benzaldehyde 25.83 32.20 3.36 5.10 3.07

% ol A7 o P?i
EQ3 x]x%)oﬂ/q =3 S

172.74 pg/m® & & ﬂ%@ﬁ o 3| f:%c’ e ‘%E}
T,

214 € obd

32 MBI |Y¥E H51F0|

PR AF7ZF 7t e AW QdE ®¥s)
2 vt 9s] AW dER F 240 RS
TZ Table 59 VFER AT}

3 oA 10MLE R AR

T 837.05 pg/m*aA 566.95

= A%FS 2o 1 VOCs

Jebd EFe] A¢-, TVOCS

IR AF7|7e] S71EE Haeke As)

Vol. 20, No. 6, 2007

= A4S Jeplidled Hdsss 45 5 2L
254.04 pg/m’, YF 3 1071l 75.10 pg/m3] At

JtIRESE F 7P =2 FEE UE 2
3= ASE A5 F oA 10e= 2
FTE7F AR AaEHE A BnYoH, =
T 20€E 21225 pgm’, 4F F 1071€ 97.39 pg/m’
Atk

R AYAEHAELS AF 35FY o
AF717Vo] ST whet Hashe S UERiA
o}, g B A A5 T 2LdA 10719 71A]
ol ¥} 6.17 pg/m’, 7.35 pg/m?, 8.42 ng/m’, 19.78
pg/m’, 1824 ug/m’ S 2 veht A &H 02 Frhshe
Ao ‘%E]'”":]' YT F AF FFFY AF77
=71l T8 SHEAY LHE HsFole Fig

=
=
2~
T
o

o s ]
[P =R T |

3 AN o



458 347) - 7R

1000

—@®—— Toluene
[ ] Ethylbenzene

m,p-xylene

- Formaldehyde
— —® —  Acetone

~. — —m—— TVOC

®
3
3
|
/

-3

=3

=3
L

Concentration (ug/m’)
»
53

Dwelling period (months)

Fig. 1. The variations in concentrations of major indoor
pollutants in brand-new apartments along with
dwelling period.
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Fig. 2. The changes in the component ratio of TVOC and carbonyl compounds by increasing dwelling period.
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