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EELdHE = 120pug/m' 120ug/m' 100ug/m'
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AT
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<& 6> ARl mE AR 371 37 A (HFD)

-

A7 084 094 104 114 124 134 144 154 164 174 184 194  o°

= 7]
ew(0) 23.9 24.4 25.8 26.0 26.2 26.4 26.6 26.8 26.9 26.8 26.5 26.2 5.1
= +0.2 +0.4 +0.2 +0.1 +0.2 +0.1 +0.1 +0.1 +0.1 +0.1 +0.2 +0.2 +3.3
() 22.9 22.1 20.3 20.7 21.4 21.7 21.9 20.5 20.4 20.4 20.8 21.0 22.5
e +0.2 +0.7 +0.2 +0.4 +0.1 +0.2 +0.4 +0.2 +0.1 +0.1 +0.3 +0.3 +13.2

P/ 10.5 10.9 10.2 10.1 9.1 9.4 10.4 9.7 10.9 10.0 11.0 10.6 43.7
1oV +0.5 +0.4 +0.4 +0.4 +0.4 +0.5 +0.6 +0.4 +0.4 +0.7 +1.3 +0.6 +12.6
Mo (/) 3.1 2.6 3.4 3.4 2.9 3.3 3.1 4.4 45 3.9 3.4 3.2 24.6
258 +0.7 +0.5 +0.4 +0.4 +0.6 +0.4 +0.5 +0.6 +0.7 +0.4 +1.1 +0.3 +10.2
VO 4253 4277 4150 3620 3193 3157 3263 3150  309.7 3117 3173 3217 176.6
pem +14.5 +9.3 +19.1  £25.1 +5.5 2.9 +6.4 +14.1 +8.6 +8.1 +6.0 +9.1 +14.2
HCHOGg/m) 196 25.9 25.0 32.1 22.8 36.6 33.9 35.7 29.0 27.7 25.0 34.4 11.5
+10.9 +7.4 +4.7 +7.5 +11.9 +6.3 £8.1 +£10.4 +5.4 +4.7 +6.7 +11.7 +3.2

COopm) 623.0  620.3  728.7  749.3  740.3  744.3  733.3 7317  740.3 7367 7357 7327 3575
2\Ppm. +926.3  +21.6  +16.6 +4.9 +3.8 +45 +25 +4.7 £3.5 +10.7 +5.1 +11.1  +43.1
CO(opm) 1.6 1.5 1.7 1.6 1.7 1.6 1.7 1.6 1.7 1.7 1.7 1.6 0.9
bb +0.1 +0.2 +0.1 +0.1 +0.1 +0.1 +0.1 +0.1 +0.1 +0.1 +0.1 +0.1 +0.1
NO(opm) 0.01 0.01 0.00 0.01 0.00 0.01 0.00 0.00 0.01 0.01 0.00 0.01 0.04
2\PP +0.01  +0.01  +0.01  +0.01  +0.01  +0.01  +0.01  +0.01  +0.01  +0.00 +0.01  +0.01  +0.01
0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01

O3(ppm)

+0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.01 +0.00 +0.00 +0.00 +0.00 +0.00
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AT
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CE 7> AR ARAS wE AR 71 B7h AsHE )

Az 084 09A] 10A] 114 127 134 147 154 164 177 184 194] <
A A2 () 6 36 39 45 1 46 38 48 45 44 24 13 7]
o) 24.1 24.8 27.6 26.2 26.7 26.9 27.3 27.5 27.1 26.7 26.0 25.0 2.7
= +0.7 +0.7 +0.8 +0.5 +0.6 +0.4 +0.5 +1.1 +0.9 40.9 +0.7 +0.3 +4.3
PP 33.1 26.7 25.1 25.1 24.7 25.9 26.2 26.3 24.4 24.5 24.8 24.6 23.9
o == +0.4 +1.2 +0.5 +0.4 +0.6 +0.5 +0.5 +0.6 +0.8 +0.7 +0.7 +0.8 +11.5
VO 3197 2920 266.3 272.3  255.3 261.7  253.7  294.3 290.7 295.0 2927  294.7 157.3
pe/m +6.4 +4.6 +11.6  +10.1 +7.4 +6.1 +7.5 +7.1 +5.1 +6.6 +5.7 +7.8 +19.2
HCHO /) 42.0 28.1 22.8 35.7 23.7 43.3 52.2 48.2 33.9 35.7 34.3 25.4 8.2
18 +12.7  *11.0 £8.0 +6.0 +8.1 +6.9 +18.9 +7.5 +14.2 +8.9 +£10.2 +35 +4.1
COu(opm) 820.7  833.3 8807 9343 8257  968.0  966.3 10353 1054.3 1017.0 9787 9737  339.7
2\bpb +7.1 +7.8 +5.5 +8.1 +7.1 +9.6 +11.0  +11.9 +7.8 +7.5 +6.7 +7.6 +38.2
COtopm) 1.7 1.7 1.8 1.7 1.8 1.7 1.7 1.7 1.8 1.7 1.8 1.7 3.2
bp +0.1 +0.1 +0.1 +0.1 +0.1 +0.1 +0.1 +0.1 +0.1 +0.1 +0.1 +0.1 +1.9
NOs(opm) 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.01 0.01 0.03
2\Pb +0.01  +0.00  +0.01  +0.01  +0.01  +0.00  +0.01  +0.00  +0.01  +0.01  £0.01  £0.01  +0.01
Ouopm) 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
3\PP +0.00  +0.00  +0.00  +0.00  +0.00  +0.00  +0.00  +0.00  +0.00  +0.00  £0.00  £0.00  +0.01
Vo) 12.0 12.4 10.8 10.3 9.4 14.7 15.3 24.8 24.3 17.8 16.6 15.9 47.1
1oz +0.5 +0.3 +0.4 +0.3 +0.4 +1.1 +0.5 +0.7 +0.6 +0.6 +0.8 +1.4 +15.6
Mo «(/ar) 2.6 2.9 3.6 3.5 3.3 3.1 3.1 4.7 4.9 45 4.1 4.3 28.5
2.5\KE +0.4 +0.1 +0.5 +0.7 +0.7 +0.7 +0.1 +0.7 +0.5 +0.6 +0.3 +0.5 +9.7
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PM10Es %= 150 4 i A A 24
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<3 8> AL V) E] H

o AR 7]1%(ASHRAE, 62-2001)
100m*g A 204049) 15.38 7
1999 44 97 33 (m®/min) 0.20 0.57
ANz A7) msk34=(3) 1.16 6~10(Office)
AU (s 51 %< 100
- 100m*FHFAY = ——1 ) — = " = 15.38%/100m
AR A (100m?) 331.53m
o 612.2m*/ hr .
- 11971 FF % (m’/min) = 60min/h7">£51u§ = 0.20m"/min
- BB /hr) = b
e - ol F - F (%) — A 9] o] Aket kA T (%)

_ 0.0128m3/hr < 514
0.1% — 0.03397%

# 1909 o] abaleka HlEH(ASHRAEY]F) = 0.0128m?/hr

%100 = 988.64m3>/hr

g ¢ 3} 3 3
- AP EY) mFEls = 7];’( i) OSSOy
714 (m?) 331.53m” X 2.6m
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FRA2ES B4 AT U ol dEeha B PBas A% 3 A
© 2 Damper WW&S 71FE 20%0 A 30%, 50%, 70%= S7A17) A3}, o
AbslebA F %= 988.5, 845.4, 795.7ppmo 2 FFAEHITH(IEY).
SEE 27.1TCA 264, 24.1, 23.4TCE Yobia, AUEEE 24.4%0) 4]
25.1, 25.7, 26.3%% F7}sFith. PMig 24.3ug/mel A 124, 11.8, 12.4u8/
st ar, PMoss 4.9ug/moll Al 2.2, 2.1, 2.7ue/m' 0.2 Attt

mo=E
TVOCE 290.7ug/m'ol A 284.5, 281.6, 276.6ug/m' .2 74317 a1, X5
3= 33.5ug/mollA 36.2, 42.9, 28.1ug/mo 2 FHgrt dAkstEr A

0.70ppmel Al 0.60, 0.63, 0.57ppmo.z Z+A3slear, o|atsldirsl &8

Damper 7H3& 2423} A#¢lo] =5 0.01ppm ©]3F3At}.

<3 9> Damper W& do] wE ARFA g7 TR A

Damper 7058 20% 30% 50% 70% 9] F7]
2%(T) 27.1£0.9 26.4+1.2 24.1£0.9 23.4x1.7 2.3£1.1
2o FE(%) 24.4%+0.8 25.1+1.3 25.7+0.9 26.3+1.8 36.7+15.3
PMio(ug/m’) 24.3+0.6 12.4+0.5 11.8+£0.5 12.4+0.8 19.3+6.1
PMa.s(1g/m*) 4.9£0.5 2.21£0.4 2.1£0.7 2.71£0.6 12.5+3.5
TVOC(ug/m*) 290.7£5.1 284.516.5 281.614.9 276.617.5 145+19.1
HCHO(pg/m") 33.5%£8.4 36.2+£7.1 42.9+8.4 28.1£6.5 61.6£11.7
COz(ppm) 1.054.3£7.8 988.5£8.2 845.4+£9.5 795.7£9.1 377.3148.1
CO(ppm) 0.70+0.10 0.60+0.10 0.63%0.06 0.57+0.12 0.53+0.12
NOz(ppm) 0.01£0.01 0.00£0.01 0.00+0.00 0.00£0.00 0.02+0.01

Os3(ppm) 0.01£0.00 0.01£0.00 0.01£0.00 0.01£0.00 0.03£0.02
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X 27.1TCoA 26.5, 25.3, 26.1TC=E YolH i, AUHFEE 24.4%°0A
25.1, 24.9, 27.2%% S7}5FIth. PMip2 24.3ug/m oA 18.2, 16.2, 15.5u8/
mOE 7FAER I, PMoss 4.9ug/molA] 2.2, 2.8, 2.4ug/m' o2 ZFA5F T}
TVOC+= 290.7ug/m3°ﬂH 293.6, 277.2, 281.4pg/m o2 BAHJ 1, ¥EEUL
| == 33.5pg/mellAl 34.3, 37.2, 35.6ug/moE F7FESITE dAlstErAE

=
0.70ppmol Al 0.68, 0.64, 0.74ppmOo. = &1, o|asdirs} oFEL

71% 243 Aeglel BT 0.01ppm o] st

<F 10> F71% A nE AR F71E A A w

H71%(m’/hr) 612.2+13.7 695.7+£18.2 721.2£19.6 784.3+£23.5 9] 37
L=(T) 27.1£0.9 26.5+0.8 25.3+1.2 26.1+0.7 -2.6+1.4
A F=(%) 24.4%+0.8 25.1+1.3 24.9+1.3 27.2+1.6 47.4£19.8
PMio(ug/m’) 24.3+0.6 18.240.7 16.240.6 15.5+0.9 27.2+14.5
PMz5(ug/m') 4.940.5 2.240.3 2.840.6 2.4+0.4 14.3+8.2
TVOC(ug/m) 290.7£5.1 293.6+15.6 277.2+14.5 281.4+9.5 166.8+17.6
HCHO(ug/m’) 33.5+8.4 34.346.2 37.2+10.3 35.6£8.6 46.349.6
COq(ppm) 1,054.3+7.8 1,011.6+6.9 974.7411.7 933.4+8.5 355.9437.2
CO(ppm) 0.70+0.10 0.68+0.10 0.64+0.06 0.74+0.08 0.72+0.26
NO»(ppm) 0.01£0.01 0.00%0.00 0.01£0.00 0.01£0.01 0.01+0.00
O3(ppm) 0.01+0.00 0.01+0.00 0.01+0.01 0.01+0.00 0.02+0.01
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T} Damper B J7|% 24 w& AMFA 2714 7t

STERA S FE3 AR W oSt A s AE 9% A WA Y
WS 30%, 50%, T0%%2 Z7HA71MA ZF 210 x F71%
dAHow 3UHA FIIAA F 97 xow HIUEE A¥, Damper:
70%N3 AeolA F7HS 787.2mY/hr7k A SIS W olitslEa s
== 717.8ppml. 2 7}V A A ES T
DamperZ 30% W3 Aol A F7]%S 699.5, 718.2, 785.9m’/hr2 =
7¥A171aL,  Dampers 50% 7Rk AEjoA  F7]"S 695.4, 729.2,
693.7m3/hro.2 F7FA7]13, Dampers 70% WG JEjOA FUES
693.7, 722.5, 787.2m°/hr2 F7MAF ZA3E 7t FEEr AEEd, LvE
o

fljo

25.9CA 21.2T7HA Solblar, BuisEs 25.7%014 30.7%7HA <7t st
Atk PMjpe 11.4~12.3,ug/m3 PMyst  3.4~4.2ug/m' 0] % TVOCE
258.3~286.3ug/m', EELH I == 38.5~42.8ug/m o2 FT7F EE 7_}¢ 24

HolA kgt ditsteas O.57~O.72ppm0]M_ﬂ, o] b} A a9} QE e

.

= 2
R 0.01ppm ©]3}+%]
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<} 11> Damper % H7|% Zdo| u}& A4 F71d A3}
Damper /&
(%) 30 50

70

2

« 2714
F71%(m’/hr) 699.5+15.3 718.2+14.5 785.9417.2 695.4421.4 729.2+19.7 783.5424.5 693.7+£19.9 722.5+22.6 787.2424.2 °

=5=(T) 25.911.4 25,5114 25.2+£1.7 24.8+2.1 24.5%1.6 23.9£1.5 22.5%1.8 224+1.7 21.2+2.3 -3.1£5.6
HE5(%) 25.71.6 25.9£1.8 26.2£1.3 26.8+£2.5 26.9+2.5 27.1+£2.8 28.7x2.7 29.3+2.4 30.7£3.1  43.7£17.7
PMio(ug/m’) 12.1£1.0 11.7£1.2 11.8%£0.9 11.7£0.9 12.3£1.0 11.4£0.8 12.1£1.3 11.9£0.7 12.2£0.8 45.7£7.3
PMa.5(ug/m') 3.8£0.5 3.56%+0.4 3.7£0.3 3.8%£0.6 3.4%0.6 4.2%0.5 3.8%£0.3 3.5%£0.6 3.7£0.4 29.516.6
TVOC(ug/m') 282.4+5.9 274.6%£7.2 285.1454 277.5%6.3 286.3x6.7 275.24£5.9 263.4+5.8 258.3%7.1 267.4£6.8 127.3+24.2
HCHO(ug/m") 40.64+5.3 42.8+14.8 38.5%5.7 41.6+4.8 42.6x14.7 39.745.2 38.6x4.7 41.7£3.8 42.2+4.5  72.3£15.5
COz(ppm) 989.3+£14.7 972.9+13.4 955.8410.6 855.4+12.5 845.7+15.2 833.1+14.7 763.5+17.6 752.3+12.6 717.8£15.3 382.5+51.2
CO(ppm) 0.6240.04 0.68+£0.06 0.57+£0.05 0.584+0.05 0.65£0.07 0.61+0.04 0.72+0.06 0.59£0.05 0.67+0.06 0.76+0.27
NO2z(ppm) 0.01£0.00 0.01£0.00 0.01£0.01 0.01£0.00 0.01£0.00 0.01£0.00 0.01£0.00 0.01+£0.01 0.01+£0.01 0.05%£0.02
Os(ppm) 0.01£0.00 0.01£0.01 0.01£0.00 0.01£0.01

0.01£0.00 0.01£0.01 0.01£0.00 0.01£0.00

0.01£0.00 0.01£0.01
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<ABSTRACT>

A Study on improving indoor air quality by
controlling HVAC system

Suk-Hun Kim
Graduate School of Public Health

Yonse1r University

(Directed by Professor Jaehoon Roh, M.D., Ph.D.)

Objective: Focusing especially on COz; among various air quality in
office, this study aims to investigate the changes in the mutation
aspect of the environmental pollutants over time and propose an
improvement plan on the indoor air quality through controlling HVAC

system.

Subjects and Methods: From November to December 2017, we measured
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the ventilation status and the Indoor Air Quality(IAQ) of the office
located in Gyeonggi—do, South Korea, including the temperature,
humidity, CO,, HCHO, and etc. By controlling the HVAC system, we

were able to improve the indoor air quality in the office.

Result: The evaluation of the indoor air quality in the office suggested
that the indoor COy concentration increased up to 1,054.3ppm as the
number of the office occupants increased, and from 3pm to bpm, it
exceeded 1,000ppm, which is the national standard of the Ministry of
Employment and Labor. We compared the COs, PM;o, temperature and
humidity of the office during the weekdays and weekends in order to
find out the influence of the number of the occupants on the air
quality; they turned out to be higher during the weekdays than the
weekends.

After increasing the damper open rate from the original 20% to 70%
to improve the air quality, the COz concentration decreased from
1054.3ppm to 795.7ppm. We also reduced the amount of supply air
from 612.2m°/hr to 784.3m3/hr, decreasing the CO; concentration from
1,054.3ppm to 933.4ppm as a result. Moreover, we increased both the
damper open rate and the amount of supply air at the same time to
check the decrement in the CO2 concentration; the CO2 concentration
reduced to 752.3ppm under the condition of the damper open rate
being 70% and the amount of supply air 722.5m°hr, and the
temperature, humidity and fine dust all satisfied the criteria of the

control standards.

Conclusion: This research demonstrates the need to consider the
number of the occupants in the office when evaluating, and the way to
establish a pleasant work environment to minimize the health impact of

the workers by controlling HVAC system.
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