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A Study on Indoor Air Quality Variation with Time in New Apartment

Jin Kwak ' Si-Young Kim and Seong-Nim Kim

Industrial Environment Division

Abstract

This study is surveyed the indoor air quality variation with time in new apartments of Busan area. The Formaldehyde and
VOCs were analyzed at 9 sites before moving in and at 3 sites after moving in by HPLC and GC/MS
The concentration of toluene ranged 158.5 to 975.7 wg/m’ and the mean value was 453.3 wg/m’ and that of Formaldehyde

ranged 13.5 t0 69.9 wg/m’ before moving in apartment.

VOCs and formaldehyde were analyzed four times with time in apartment after moving in. The order of total
concentrations of VOCs and formaldehyde appeared 2006.6°12006.9°12006.3°12006.11

In the result of factor analysis, formaldehyde concentrations was highly correlated with temperature and humidity, and
benzene, xylene, stylene and E-benzene were highly correlated each other. Toluene concentration showed high negative

correlation with time.

In the result of multi-regression analysis, the r square(r*) of formaldehyde, toluene, benzene and stylene were 0.969, 0.847,

0.922 and 0.844, respectively.

Key Words : indoor air quality, factor analysis, multi—regression analysis
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Table 1. Measuring method of VOCs and HCHO
Compounds Method System Condition
Column ODS(Cis) 4.6mm  250mm
_ - Detector(Wavelength) UV Dector({360 nm)
DNPH- derivatives
HCHO* HPLC Method " ';_IP:SIOO) Mobile phase Acetonitrile/Water = 60/40
gtten Column Flow 1.0 mL/min
Injection Volume 20 pl.
Tube type : Carbotrap 300
TD GERSTEIL TDS (Thermo Initial temperature : 20T (0, Imin)
VOCs** (Thermal Desorption) TDS—G Desortion System) Ramp : 60T /min
- GC/MSD Final temperature : 260T (5min)
Transfer temp. : 260T
Carrier gas : Helium
Ads o 0 i
CIS (Cooled Injection (,‘lg,orp' flow 120 .ml/m1:1 )
S ) Initial temperature : —70 T (0. Imin)
vstem Ramp : 12T /sec
Final temperature : 260T (10min)
Column : HP -V OC
(60m, 320/m, 1.80um)
Mode : constant flow, 1.5ml/min
Initial Temp. : 60 T (2min)
Ramp 1 : 4C/min
Agilent G C 6890 Final Temp. 1:120TC
Ramp 2 : 12T /min
Final Temp. 2 : 80T (3min)
Ramp 3 : 12T /min
Final Temp. 3 : 180T (1Imin)
Ramp 4 : 20C /min
Final Temp. 4 : 260T (2min)
SIM mode
) NN Source temperature : 230TC
Agilent MSDEI73N Quad temperature : 150 T
lonization mode : El mode
* HCHO : Formaldehude
**Y(OCs @ Volatile Organic Conpounds
A o) MBS A7) delA ASTEFE WuAETE o distel 2T
A 279 F FLAAR7GEE 55 2EUH S TS}
£ 2ASET UFEAGBEAT S 8T olF BAN  ARMH ¥ Sy
RE, HE, /100 4B TA D AT HEAAE FE T EA Al B HH S AZFGEF W), F535ENEE T3t
A& FEFY Y Aol mE e BAe] Wale] UE 4 9 o F), LFRER 31Feld 44 shact
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Table 2. Average value and standarde deviation of Concentrations of VOCs and

Formaldehyde in new apartment before move-in (mean+S.D)
- =2 Benzene(yg/m’) Toluenelug/m’) E—benzenel(pg/n’) Xylenelpg/nr) Stylene(yg/m’) Formaldehide (pg/m’)
348E (n=3) 8.7+15.0 225712006 15.2+20.9 43,4+£53.0 98.8+35.7 389+ 9.3
4188 (n=3) 0.0+ 0.0 1585+ 85.0 23.9+27.7 44,6+ 49.8 42.3+17.2 69.9t51.5
5688 (n=3) 0.0 00 975.7+t500.9 111.8+£77.2 196.4x07.1 30.4+= 38 135122
500 o =
e mHZ? mE5R O4ER Aut o oE
UFH AEZTESFE HUHS7IE HmEN
= 200549 12¢° U+ oo F WoRhE 9Alth & A4 5t
8, o 2 B (B4¥F, 4137, 569%) @ SEENHASTF, T
5, Aol e HCHO ¥ VOC 530l izt A3714
JMJIL & 24 dvhe ol o} gt
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Fig. 1. Concentrations of VOCs and Formaldehyde in new
apartment before move-in.
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Fig. 2. Total Concentrations of VOCs and Formaldehyde in
newly-built Unoccupied houses.
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Table 3. Concentrations of VOCs and Formaldehyde in newly-built Unoccupied houses

T2 a5 2000 JEAEF MY 2000E 68 AEFANE  2006@ 92 AEZ7E 20060E 118 AEFoNE

Benzenelpug/m') 0.0 6.7 0.0 0.0

Toluene (ug/n’) 236.0 3125 185.8 48.3
E—benzenel(pg/nr) 16.4 23.5 19.9 19.3

AEF Xylenelpa/m) 32.8 57.1 6.6 32.2
Stylene(pg/nr) 9.8 10.1 0.0 0.0

HCHO lpg/m’) 46.9 181.6 1599 44,9
Renzenelug/m’) 0.0 10.1 0.0 0.0

Toluene (zg/nr') 308.1 433.4 258.8 51.5

o E—benzenelug/m’) 9.8 20.2 0.0 6.4
SET Xuylenel/m) 26.2 57.1 0.0 6.4
Stylene(pg/m) 6.6 23.5 0.0 0.0

HCHO ipg/nr) 52.4 204.6 159 .4 53.8
Benzenelug/n') 0.0 3.4 0.0 0.0

Toluene (ug/nr) 239.3 268.8 292.0 58.0

A== E—-benzenel(pg/m) 9.8 10.1 13.3 12.9
<= Kylene iug/m') 22,9 26.9 13.3 25.8
Stylene(ug/m’) 6.6 10.1 0.0 6.4

HCHO iug/nr) 74.9 212.6 137.5 70.6
Benzenelpg/n') 0.0 6.7 0.0 0.0

Toluene (ug/n’) 261.1 338.2 245.5 52.6
E—benzenelug/m’) 12.0 17.9 11.1 12.9

HARBE  Nyleneig/m) 27.3 47.0 6.6 21.5
Stylene(pg/nr) 7.6 14.6 0.0 2.1

HCHO lpg/m’) 58.1 199.6 152.3 56.4
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Fig. 3. Patterns of Toluene and HCHO Concentrations in newly-
built Unoccupied houses.
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Fig. 4. Patterns of VOCs Concentrations in newly-built
Unoccupied houses.
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Table 4. Concentrations of VOCs and Formaldehyde of the exterior of a new apartment
= Benzenelug/m) Toluene(yg/m') F—benzenelyg/m’) Stulenelug/nr) Xylene (pg/m’'l HCHO (pg/m’)
MNEZ 744 0.0 6.7 0.0 0.0 0.0 0.2
AEZ oNd 0.0 13.3 6.7 6.7 0.0 0.2
Table 5. Correlation coefficient between indoor air pollutant and meteorological parameters
ot 5 Temperature Humidity Benzene E—-benzene HCHO Stylene Toluene Xylene period
Temperature 1.000
Humidity 0.743 1.000
Renzene 0.593 0.759 1.000
E—-benzene 0.187 0.289 0.496 1.000
HCHO 0.944 0.888 0.680 0.174 1.000
Stylene 0.338 0.389 0.837 0.390 0.401 1.000
Toluene 0.763 0.372 0.646 0.154 0.627 0.649 1.000
Xulene 0.198 0.375 0.795 0.706 0.234 0.810 0.447 1.000
period —0.195 0.293 —0.182 —0.056 —0.014 —0.496 —0.652 —0.3>7 1.000
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Fig. 5. Correlation coefficient between indoor air pollution and meteorology parameters.

Table 6. Total Variance Explained

Initial Eigenvalues

Extraction Sums of Squared Loadings

Rotation Sums of Squared Loadings

% of Cumulative % of Cumulative % of Cumulative
Factor Total Variance % Total Variance % Total Variance %
1 4.814 60.177 60.177 4.814 60.177 60.177 3.584 44,801 44,801
2 1.692 21.145 81.322 1.692 21.145 81.322 2.922 36.521 81.322
Table 7. Varimax rotated factor matrix 10 o
e-benzene SYIEN® benzene
Factor : °
Variable ;
1 2 < tDIuene. ‘
Temperature 0.962 0.070 mude‘W
Humidity 0.828 0.245 - iy
Benzene 0.625 0.732 e i
E-benzene 0.028 0.769
HCHO 0.976 0.105 %
Stylene 0.350 0.810 ‘
Toluene 0.697 0.362
Kylene 0.143 0.966 0
-1.0 -5 0.0 .8 1.0
factor 1
Fig. 6. Factor plot in rotated space.
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Table 8. Total variance explained

1
o)

o
oy
o,
iich

Initial Eigenvalues

Extraction Sums of Squared Loadings

Rotation Sums of Squared Lo adings

% of

Cumulative % of Cumul ative % of Cumulative
Factor Total Variance % Total Variance % Total Variance %
1 4,905 54.496 54.496 4,905 54,496 54,496 3.427 38.076 38.076
2 1.871 20.784 75.280 1.871 20.784 75.280 2.743 30.473 68.549
3 1.425 15.832 91.111 1.425 15.832 91.111 2.031 22.562 91.111
Table 9. Varimax rotated factor matrix
Factor
Variable 1 2 3 ; 5 e ugns
Temperature 0928 0.036 0.264 f g
Humidity 0.890 0.345 —-0.248 9 0o
Benzene 0.613 0.713 0.212 o :
E—benzene 0.054 0.837 -0.099 =8
HCHO 0.978 0.120 0.082
Stylene 0.280 0.699 0522 v 55 5 e
Toluene 0581 0.188 0.753 factor 1 factor 3
Xylene 0.112 0.929 0.278
Period 0.104 —-0.108 —0.960 Fig. 7. factor plot in rotated space.
ok A1l EFYH = EFAY e 2559 9 off e o
g B ok A, A2800E ERAE Al a1 {5 A(Eigen Valuea)7t 1,001/ ¢l QA= 3717F 52 9%
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Table 10. The result of multi-regression analysis

30.4%, Al WA A= 22 6%= WERLE o] 3719] Q1AL 9

o 1o
I A RA AR AA ottt A 2 38.1%, F RA A
%

A off tiet A Fol 91.1%2 A Ve

Varimaxte] o5t Q4814 A3 ol 10] L% HEO} E
SUHE SR EEUY IS FEL 2= HE9] Wl e

Dependent Unstandardized Standardized Dependent Unstandardized Standardized
Variable Coefficients Coefficients Variable Coefficients Coefficients
Xylene B Std. Error 8 Stylene B Std. Error 8

(Constant) —-1.084 5.436 r’=0.836 (Constant) 26.372 8.135 ' =0,844
Stylene B Benzene
(ua/m') 1641 0.381 0.631 e/ ) 2.654 0.420 1278

E—-benzene
(pg/m’) 1.240 0.39 0.460 Humidity (%) -0.412 0.143 -0.581

Dependent Unstandardized Standardized Dependent Unstandardized Standardized
Variable Coefficients Coefficients Variable Coefficients Coefficients
HCHO B Std. Error B E—benzene B Std. Error B

(Constant) -352.776 28.381 r'=0.969 (Constant) 6757 9 579 £ =0.499

Temp.(TC) 13.917 1914 0.635

Xulene 0262 0.083 0.706
Humidity (%) 2778 0582 0.417 (pg/m’)

Dependent Unstandardized Standardized Dependent Unstandardized Standardized
Variable Coefficients Coefficients Variable Coefficients Coefficients
B enzene B Std. Error B Toluere B Std. Error 8

(Constant) —-10.663 1.999 r=0.922 (Constant) —-641.290 125.071 rr=0.847
Stylene

. 0.308 0.049 0.639 Temp. (C) 26.376 5.300 0.661
(pg/m’)
Humidity (%) 0.174 0.03 0.510 Period 395.904 100.057 0.525
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