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The Characteristics of Indoor Air Quality Variation in Underground
Parking Lots of Apartments located in Northern Gyeonggi Province

Hyun-Ku Park’, Yeon-Hoon Jung, Byeong-Lok Kim, Jin-gil Kim,
Hyung-Soon Shin, Sang-Soo Lee and Jo-Kyo Oh
Gyeonggi-do Institute of Health & Environment

ABSTRACT

Objectives: The study examined indoor air quality during daytime and commute times in underground parking
lots in five apartments located in northern Gyeonggi province.

Methods: This study examined the temporal characteristics of PM,o, CO,, CO, HCHO and VOCs in the indoor
air quality of the underground parking lots in five apartments.

Results: PM,, concentration in daytime were ranged from 37.4 to 69.9 pg/m*® which complied with the indoor
air quality maintenance standard (200 pg/m®) and Gyeonggi province ordinance standard (180 pg/m®). However
PM,, concentrations in commuting time were in range of 447.3~944.0 ug/m’ that exceeded for both criteria. The
CO,, CO and HCHO concentrations complied with the standard. The VOCs indicated high tendency in the order
of toluene, xylene, ethylbenzene and benzene. This tendency was more apparent in commuting time than
daytime.

Conclusion: All indoor parking lots of five apartments were equipped with ventilators. However the most
apartment residents did not operate blowers to save electricity and the lack of interest for indoor air quality. In
order to improve the indoor air quality of underground parking lots in apartment, operating ventilation system
during commuting time is recommended.

Keywords: PM,,, CO,, CO, HCHO, VOCs

LA B o7 RyHI Y} ?
19809t) o7 el Ao dEdoe] el mA=
20A17F o732 A9 Hrhe Aol FF] T2AE QA3 oA 7] AU A=l

202 HAE Qe o|FA & thek srAle del7t v A (EPA) 5 XSS T
E

2 AIZHE Bl Aulagiiae] AUErd eEE Aoz Hg=o] a1 ok 3k 1990 ] EPA
Ae 2o 38 Aol APHoz & TS = AN E S g 4 FAAAE g5
X3 ek 53] AP BEe W2, HEAS 5 5 AWFEe g 7S A5 A ALTge=A 4
¥V ARSI} AR FEe] YT S =ole A W12 #A2e] Fade] FZAEIL? Seude

TCorresponding author: Gyeonggi-do Institute of Health & Environment, Gyeonggi-do, Uijeongbu, Republic of Korea,
Tel: +82-31-8030-5962, Fax: +82-31-8030-5969, E-mail: ddd99@gg.go.kr
Received: 02 May 2018, Revised: 25 May 2018, Accepted: 18 June 2018

250



A7 SFXY ofmES| X[5IFAly UETIE HE S 251

20043 59 F9 AFFRH AN AL wk A o) W] Fhuw 27 ¥AFS] Fu vgo] &
Aol ush] glal [HEol§Ad So A3 okdoms $EFY WA TRl Aslet 714
Fehge AY YL, ARFAIS EFS QY Hck 55 A2 AYEE optE wABe AN
FEoge] BEolgANES Rt PoR FHNT IS R QFUL A% FUOE VEHT T
PR Agare Aol 4

Asto] TS} Ha glo] Ay
o] 3 AUFAGL thrlegel Fo Uz X 314 #eE 99 thHjo] Lasit scko

ol & AEATH HYE WAFNL FUL WE}
A RS ke Q)RR AN30d 3

A Al S stz 2

o] F|3L 9t} 53] olgES] AslFabd- v 23] v} daksigtae] 712E H7P1EET PM,
ol EYstool ste AEFIRY] Aot UR A 2 200 ugmeIA 180 pg/m’eE, COE 25 pg/ml
T dge] AR gl A7t 2addk Aol A 20 ugm’oZ Fslste] Algstar ok

o}TE &) X315 1980 AT THHTE] A7) weha B A3E ArIE SR e oluE
AFER o 2EA] Fde] HHESFE T 1991de] F WX Al st Al de 2] o
SA871% Sl A o] AREUA 2L T3 AEE Totslal S S AL wldel glof
7oz BEEQrh w3 19949 B 0] A eI AE2 AFskA} I

4
HRM ASTAG ol ge] Hejsol A4 A

Table 1. The national and Gyeonggi-provincial ordinance maintenance criteria of indoor air quality for underground
parking lot

Item Standard PM,, (ug/m®) CO, (ppm) HCHO (ug/m’)  TBC (CFU/m?) CO (ppm)
National 200 1,000 100 - 25
Gyeonggi-do 180 1,000 100 - 20

Table 2. The sample collection method for each of selected points

APT . . . . The number of households The number of
Times  Sampling time Site . Number of car .
Type (Parking area) ventilation
No.1 AM11:00~ 943
A No2 PMS5:00 1st Basement (25.921m?) 1127 105
No.3 AM11:00~ 814
B No.4 PMS5:00 Ist Basement (22,586 m?) 982 96
No.5 AM11:00~ 513
C No.6 PMS5:00 Ist Basement (14,444 m?) 628 71
No.7 AMI11:00~ 631
D No.8 PMS5:00 st Basement (14,513 m?) 857 79

No.9 AMO06:00~

No.10 :
AM12:00, Ist Basement 89

No.11 PM6:00~
No.12 PM12:00
) AM6:00~  1st Basement 712
B dstpoint 000 2nd Basement (21,597 m?) 939
. AMI2:00~
2nd point PM6:00 2nd Basement 88
3rd- PM6:00~

6point PM12:00
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Table 3. The operating condition of GC(MSD) for VOCs compounds

Parameter Value
TD Unity Air Server/Ultra (Markes)
Model CP 3800 (Varian)
Column VE-Ims (60 m * 0.25 * 1 um)

Column flow
Initial temp.
Oven ramp rate 5°C/min
Oven holding temp.
Oven ramp rate 20°C/min
Final temp.
Injector temp. 150°C

Detector

He: 1.0 mL/min
40°C (5 min)

180°C (5 min)

250°C (3 min)

Type: Quadropole, Trap: 150°C, Manifold: 50°C, Xferlines: 170°C

Table 4. The operating condition for HPLC for formaldehyde compound

Parameter Value
Model ACQUTY UPLC (USA)
Column waters CORTECS®18 (4.6 * 100 mm)
Column Temp. 40°C
Detector uv
Wavelength 360 nm
Sample injector volume 1.2 uL
Pump 2610 psi
Eluent Acetonitrile 55 (V %)

Eluent Flow 0.25 mL/min
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Table S. The quarterly concentration of target compounds in indoor air quality of apartment underground parking lots

during daytime

Item Collection time PM,, CO CO, HCHO

Site (month) (ug/m’) (ppm) (ppm) (ug/m’)
No. 1 3 429 4.7 424.0 22.0
No. 2 3 46.9 2.6 385.0 14.8
No. 3 6 42.7 2.9 395.0 252
No. 4 6 374 4.6 369.0 20.9
No. 5 9 69.6 2.7 410.0 10.8
No. 6 9 52.6 3.6 423.0 16.8
No. 7 11 54.3 2.0 382.0 152
No. 8 11 63.4 2.7 435.0 14.0
Max 69.9 4.7 435.0 25.2

Min 374 2.0 369.0 10.8

Mean 51.2 32 402.3 17.5

MDL - - - 0.218

LOQ - - - 0.695
STDEV 11.0 1.0 23.6 4.8

Table 6. The concentration of VOCs in indoor air quality of apartment underground parking lots during daytime

Item Toluene Xylene Ethylbenzene Benzene VOCs
Site (ug/m’) (ug/m’) (ug/m’) (ug/m’) (ug/m’)
No. 1 64.6 22.5 11.6 7.5 106.2
No. 2 156.8 52.9 22.0 10.1 241.8
No. 3 62.0 20.0 12.0 7.9 101.9
No. 4 132.3 40.2 21.0 7.7 201.2
No. 5 832 355 37.0 7.9 163.6
No. 6 127.7 52.6 514 7.8 239.5
No. 7 91.0 453 46.7 10.9 193.9
No. 8 143.7 76.8 90.4 11.5 3224
Max. 156.8 76.8 90.4 11.5 3224
Min. 62.0 20.0 11.6 7.5 106.2
Mean 107.7 432 36.5 8.9 196.3
STDEV 36.9 18.3 26.5 1.6 73.6
LOQ 1.648 2.957 0.568 2.171 1.348
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Table 7. The quarterly concentration of target compounds in indoor air quality of apartment underground parking lot

during commuting time

Item collection time PM,, CO CO, HCHO
Site (month) (ug/m’) (ppm) (ppm) (ug/m’)
No. 9 3 914.0 3.2 500.5 12.5
No. 10 6 555.6 8.0 475.0 13.5
No. 11 9 448.5 7.9 446.0 18.1
No. 12 11 4473 113 467.0 17.0
Max. 914.0 11.3 500.5 18.1
Min. 4473 32 446.0 12.5
Mean 5914 7.6 472.1 14.1
STDEV 221.0 3.3 22.5 2.7

Table 8. The quarterly concentration of VOCs in indoor air quality of apartment underground parking lot during

commuting time

Item Toluene Xylene Ethylbenzene Benzene VOCs
Site (ug/m’) (ng/m’) (ng/m’) (ng/m’) (ng/m’)
No. 9 190.6 94.4 84.9 11.9 381.8
No. 10 181.9 80.3 66.0 13.8 342.0
No. 11 152.4 62.0 54.7 114 280.5
No. 12 159.1 59.0 50.8 11.2 280.1
Max. 190.6 94.4 84.9 13.8 381.8
Min. 152.4 59.0 50.8 11.2 280.1
Mean 171.0 73.9 64.1 12.1 321.1
STDEV 182 16.6 153 1.2 49.8
LOQ 1.648 2.957 0.568 2.171 1.348

Aot} A HE 2794 toluene 62.0~156.8 pg/
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Table 9. The variation of PM,, in indoor air quality of apartment underground parking lots from morning to night

PM,, (ug/nr’)

1st Basement

2nd Basement

clock-in time office-hours  clock-out time  clock-in time office-hours  clock-out time
Times AM6:00~ AMI2:00~  PM 6:00~  AM 6:00~  AM 12:00~  PM 6:00~
AM 12:00 PM 6:00 PM 12:00 AM 12:00 PM 6:00 PM 12:00
Ist 625.4 83.2 521.7 485.7 52.3 415.0
2nd 5732 74.9 5414 323.8 43.5 439.4
3rd 451.9 66.7 463.5 442.7 43.1 463.5
Mean 550.2 56.7 356.37 271.8 37.6 286.80
STDEV 89.0 8.3 40.5 83.9 4.6 243
carbon monoxide
mB-1
mB-2

Fig. 1. The variation of CO in indoor air quality of apartment underground parking lots from morning to night (B-1 and

B-2 mean each basement floor of parking lot)
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Fig. 2. The variation of formaldehyde in indoor air quality of apartment underground parking lots from morning to night
(B-1 and B-2 mean each basement floor of parking lot)
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Fig. 3. The variation of VOCs in indoor air quality of apartment underground parking lots from morning to night (B-1 and
B-2 mean each basement floor of parking lot)
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