Ak 914883 A A| 174 A|15.(2007d 3€)
JKorean Soc Occup Environ Hyg 2007;17(1):31-42

Assessment of Indoor Air Quality in Commercial Office Buildings

Jee Yeon Jeongt™ - ByungKyuLee! - Young Gyu Phee?
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Recently, concerns regarding indoor air quality in offices
have continued to incresse. Thirty offices in five metropolitan
commercid buildings were surveyed from February to April
2004. Sampling was performed during norma business hours.
Thermal comfort factors such as temperature and relative
humidity, carbon dioxide (COz), carbon monoxide (CO),
formadehyde (HCHO), respirable dust, PM o were sampled
and analyzed to determine the mean, Sandard deviation, range,
and corrdation for each of those parameters. The data was then
compared to office as standard of Ministry of Labor, and
guideine applicable to the indoor environment. The results
represented that the temperature was dightly higher than the
standard of American Society of Refrigerating and Air-
Conditioning Engineers (ASHRAE), the rddive humidity was
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lower thet the sandard of ASHRAE. The range of the 8 TWA
concentration of CO» was 639 ~ 786 ppm, but 33.3% of the totd
thirty offices exceeded the 1000 ppm as ceiling concentration.
The concentration of CO was less than 3 ppm, which was
Smilar to that of officesin Japanese. The mean concentration of
formal dehyde was 0.032 ppm, and only 2 % of totd samples
(193) exceeded the 0.1 ppm, standard of formadehydein office
air. The concentration of respirable dust and PMo was not
exceeded the standard of those parameters, 150 pg/m'’. The
concentration of those parameters in the office air was
qdtidticdly corrdated.
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Table 1. Air quality guideline used in this study

57 B“WJ - i *%JP— *U%EE@. %¢t
Hqt 289C (HA} : 2010) 2 ASHRAE(Amencan Society of
Refrigerating and Air—Conditioning Enginears) 2] &4 274
L5 Au7)Eel 21~23C Hihs ogF =8 FFo)9la
B UEEE 08%CETHAL © 46%) = ASHRAEC] A
Pt Qe AL F5 P75 20~30%H 9] el
A THASHRAE, 1992).

T AAA Q) B A g g N ARFAE R )
ot OhE 43S Kol (Fguel), B Q9] ¢ 2%
T ‘a AFFAoIY b AR B ASHRAES AeE
A AR 2Co) o S Ee] 4f @ ARFA
o] %19 H3t 143% (1 9): 7.8~226%) & ASHRAES] 7
=4 A7 shekA] 20% miRte|glom b AR S
7497419 it AEE7H 197%( 9] 176~239%) 7 A

Unit Guideline Recommend Institute
. 21~23(winter)

Temperature(C) 23~26(summer) ASHRAE

. - 20~30(winter)
Relative humidity(%) 50~60(summer)
CO: 1,000 ASHRAE, MOL?
CcO 10 MOL
Respirable dust(yg/m’) 150 MOL
PMo(g/m’) 150 MOB?
Formal dehyde(ppm) 0.1 MOL
YASHRAE: American Society of heating, Refrigerating and Air-Conditioning Engineers,
“MOL: Minstry of Labour in Korea, ?"MOE: Ministry of Environment.

Table 2. Results of temperature and relative humidity measurement
I ndoor Outdoor
. Surv
Building N® Temp(C) RH?(%) Temp(C) RH(%) phiid
AM®  SD? AM SD AM SD AM SD

A 3 25.7 0.7 21.7 79 16.2 49 263 152 3.29~3.31
B 20 239 2.0 20.7 43 7.3 48 26.6 2.4 2.18~3.15
C 10 25.7 0.6 47.3 25 21.8 40 477 45 4.20~4.22
D. 3 21.6 0.7 336 3.7 20.4 41 355 10.6 4.27~4.29
Total 36 24.2 1.0 30.8 4.6 16.4 45 34.0 8.2 2.18~4.29

"N: Number of offices surveyed in each building, ?RH: Relative humidity, ?AM: Arithmetic mean, *SD: Standard deviation.
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Figure 1. Changing patterns of temperature and relative humidity at offices ‘a’ and ‘b’ in commercial
building B.
Table 3. Airborne CO: mean concentration by daytime (Unit: ppm)
o Time
Building N» L2
08:30 09:30 10:30 11:30 12:30 13:30 14:30 15:30 16:30 17:30 18:30
A 3 In 624 616 608 630 646 711 771 664 556 586 617 639
Out 416 415 436 420 407 426 447 431 410 402 416 420
B 20 In 619 805 868 8387 757 764 795 83 844 756 718 786
Out 498 481 473 460 445 440 438 443 445 454 445 456
C 10 In 502 559 617 637 658 735 812 860 915 869 827 726
Out 410 397 384 375 369 368 366 362 362 363 358 374
b 3 In 547 557 592 578 508 697 758 666 731 802 629 648
Out 393 405 401 398 392 384 379 359 377 396 385 388

"N: Number of offices surveyed in each building, ?L: Location.
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Figure 2. Distribution of the ceiling CO: concentration in offices.
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Figure 3. Changing pattern of CO: at daytime in offices.

Table 4. Airborne CO mean concentration by daytime (Unit: ppm)
Time
Building N» L2
08:30 09:30 10:30 11:30 12:30 13:30 14:30 15:30 16:30 17:30 18:30
In 32 29 28 25 23 23 23 20 16 16 16 23
A 3 ot 41 31 19 18 16 16 16 15 14 13 12 19
n 25 25 24 21 19 17 18 18 18 23 24 21
B 0 o 31 27 24 23 21 21 19 22 20 22 28 23
In 41 40 40 35 31 32 32 34 35 47 46 38
c 0 ot 39 33 28 27 27 28 28 29 29 28 33 30
In 28 25 24 26 24 33 25 28 28 38 62 23
D 3 ot 28 25 19 23 16 17 18 19 34 26 29 23

"N: Number of offices surveyed in each building, “L: Location.
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Figure 4. Airborne concentration distributions of respirable dust and PMu.

Table 5. Airborne Respirable dust and PMi concentration

Building Location Respirablefe/m) PMo{e/m)
N GM? GSD? N GM GSD
A Indoor 10 20.3 13 5 39.9 11
Outdoor 3 59.5 14 2 185.3 1.0
B I ndoor 89 424 18 41 62.3 1.7
Outdoor 18 50.3 19 18 95.9 20
C Indoor 24 31.9 1.7 15 62.6 15
Outdoor 9 439 17 5 100.7 14
D Indoor 1 29.2 14 5 46.1 11
Outdoor 3 345 11 2 477 11
Totd I ndoor 134 37.0 18 66 58.9 1.6
Outdoor 33 47.6 17 27 96.5 19

"N: Number of samples, ?CM: Geometric mean, *GSD: Geometric standard deviation.
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Figure 5. Distribution of airborne respirable dust and PMi concentration.
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Figure 7. Distribution of airborne formaldehyde concentration.
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Concentration(ppm)

Building Location
NY GM? GSD?
A Indoor 14 0.023 1.64
Outdoor 3 0.004 1.32
B [ndoor 9 0.027 1.77
Outdoor 27 0.009 151
c [ndoor 29 0.075 1.37
Outdoor 9 0.006 1.35
D Indoor 122 0.029 1.15
Outdoor 3 0.004 1.12
Totdl Indoor 151 0.032 191
o Outdoor 42 0.007 163
"N: Number of samples, ?CM: Geometric mean, *GSD: Geometric standard deviation.
Table 7. Correlation analysis of pollutants concentration at indoor
CO, Cco Respirable dust PM1o Formal dehyde
CO2 1.0
CO 0.102 1.0
Respirable dust 0.454 0.096 1.0
PM 1o 0.398 0.203 0.754 1.0
Formaldehyde 0.401~ 0.107 0.107 0.209 1.0
=1 p<0.01.

Table 8. Correlation analysis of pollutants concentration between indoor and outdoor

ndoor 29T co, co Respirable PMuo Formaldehyde
co, 0150 0102 0174 ~0.167 0401
Co 0253 0304 0.205 0212 0312
Respirable 0128 0201 0482 0440 0464
PMuo 0154 019 0520" 0523" 0655
Formaldehyde 0123 0098 0.330 0.069 0.110

1 p<0.01, "1 p<0.05.
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