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ABSTRACT KEYW ORD
Purpose: The study is to measure concentrations of indoor air pollutants in housing and to analyze the dZ¥Iate =&
characteristics of pollutants in housing indoor—air between summer and winter comparatively. The 243712
. i ) . o . ZEo[ s
research result could be used as data for public health through indoor air quality management of existing housing < Bk S 7| 5}EE S
. . . . . . oTl=2oTr =
and more as a reference for new housing. Method: It was investigated 24 middle class housings of metropolitan o Ab&}EFA

area in winter which have been built for the past 30 years. Concentration of HCHO, TVOC was investigated in

living room at morning and night and concentration of CO, was investigated in living room and master bedroom
at morning and night. SKT100-X5 was used for concentration of HCHO, TVOC and ZGmO053UK for

Healthy Housing
Indoor-Air Quality
HCHO

concentration of CO,. The characteristics of HCHO, TVOC, CO, concentration in winter were analyzed and  Tyoc
then the concentrations in winter were analyzed the concentrations in summer being preceding research  CO:
comparatively. Result: Average concentration of TVOC in winter was 2.7 times more than that of TVOC in

summer, average concentration of HCHO in winter was about 2.0 times more than that of HCHO in summer.
Average concentration of CO, in the morning at living room in winter was 1.3 times more than that of CO, in
summer. Average concentration of CO, in the morning at master bedroom in winter was 1.1 times more than that
of CO, in summer. Average concentration of TVOC was 1.31 times more than that of HCHO and standard
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deviation of that was 1.73 times higher. Average concentration of CO, was almost nearly close or over to

1,000ppm being criteria of the Ministry of Environment
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Table 1. Outline of investigated housings

num | year of floor

size of

of |completi 5 area location name3)
housing| on family ()
Hl 1988 6 99  |Chungju Gaeshindong HDapt
Incheon
H2 1989 5 92 Mansoodong SWapt

H3 1991 4 79 Incheon Guyoldong | multiplex house

H4 1991 4 112 [[Incheon Whankoodong SGapt

HS 1994 2 92 [Incheon Younsoodong Slapt
Incheon

Hé 1994 4 99 Dongchoondong GYapt

H7 1995 2 79 Incheon Juandong JHapt

HS8 1998 2 79 | Incheon Gyesandong SHapt

H9 1998 4 112 Incheon Juandong single house

HI10 1998 4 59  |Incheon Bupyungdong| multiplex house
Kimpo

H11 2001 3 112 Changgidong CSapt
Incheon

H12 | 2003 2 79 Songlimdong SBapt
Incheon

H13 | 2005 3 79 Gyesandong SDapt

H14 | 2005 4 59 | Incheon Sipjungdong | multiplex house
Incheon

H15 2007 4 92 Guyoldong HSapt

H16 | 2007 4 99 Incheon Guyoldong LCapt

H17 | 2007 4 112 | Incheon Guyoldong LCapt

HIS | 2000 | 4 | 112 o impo single house
asungmeon
Incheon .

HI19 | 2010 6 79 Songlimdong single house

H20 | 2013 | 1 66 m“\fﬁljggng multiplex house
Kimpo

H21 | 2013 4 112 Hankangro KNapt
Incheon

H2 | 2014 | 5 79 | Cheongeheondong HWapt
Incheon .

H23 | 2014 4 99 Namcheondong single house
Incheon

H24 | 2015 4 99 Dowhadong apt
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Table 2. Time of field investigation

num of housing time of investigation
H1 2017. 02. 17. 19:00—- 2017. 02. 18. 08:00
H2 2016. 11. 27. 21:00—- 2016. 11. 28. 08:00
H3 2017. 02. 02. 19:30- 2017. 02. 03. 07:00
H4 2016. 12. 04. 20:00— 2016. 12. 05. 07:00
H5 2016. 12. 07. 20:00— 2016. 12. 08. 07:00
H6 2017. 01. 20. 17:00— 2017. 01. 21. 08:00
H7 2017. 01. 26. 23:00— 2017. 01. 27. 11:00
H8 2017. 01. 10. 18:00— 2017. 01. 11. 10:00
H9 2017. 01. 23. 18:00— 2017. 01. 24. 10:00
H10 2017. 02. 09. 17:00— 2017. 02. 10. 10:00
HI11 2017. 01. 05. 17:00—- 2017. 01. 06. 09:00
HI12 2017. 02. 07. 18:00— 2017. 02. 08. 09:00
HI13 2017. 01. 21. 18:00—- 2017. 01. 22. 08:00
H14 2017. 02. 01. 21:00—- 2017. 02. 02. 09:00
HI15 2017. 02. 03. 20:00— 2017. 02. 04. 08:00
Hil6 2016. 12. 06. 20:00— 2016. 12. 07. 08:00
H17 2016. 12. 01. 20:00— 2016. 12. 02. 09:00
HI18 2017. 01. 13. 17:00—- 2017. 01. 14. 08:00
HI9 2017. 02. 10. 18:00— 2017. 02. 11. 08:00
H20 2017. 02. 04. 21:00- 2017. 02. 05. 10:00
H21 2017. 01. 09. 17:00- 2017. 01. 10. 10:00
H22 2017. 01. 18. 18:00— 2017. 01. 19. 09:00
H23 2016. 11. 25. 22:00—- 2016. 11. 26. 08:00
H24 2017. 03. 07. 17:00— 2017. 03. 08. 09:00
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Table 3. specs of measuring instruments

specs
measurable gas HCHO, TVOC
type of measurement internal suction pump
type of sensor electric—chemical
SKT100-X5 degree of precision + 3%
linearity + 1%
measurement time 10secs
Data Logger 10,000 channel
C02 range 450 ~ 3,000ppm
temperature range 0~ 50T
7Gm053UK instrument size 116/42/24mm
rated voltage 5VDC
country of manufacture made in China
3. 827| dU37] 2HEE HE| ZA}

3.1. HCHO¢%} TVOC sk Ae XA 24

Table 4. Concentration of HCHO and TVOC

HCHO(ppm) TVOC(ppm)
num living near living near
room appliances room appliances
Hl | (0.120~)0.200 | (0.090~)0.150 | (0.150~)0.400 | (0.100~)0.160
H2 0.020 0.020 0.050 0.030
H3 | (0.030~)0.040 0.080 (0.080~)0.100 0.010
H4 0.100 (0.080~)0.090 | (0.180~)0.190 | (0.140~)0.150
H5 0.050 (0.060~)0.070 | (0.100~)0.110 | (0.090~)0.100
H6 | (0.060~)0.090 | (0.090~)0.190 | (0.080~)0.190 | (0.080~)0.200
H7 | (0.005~)0.010 | (0.010~)0.030 | (0.010~)0.030 | (0.010~)0.020
H8 | (0.030~)0.130 | (0.040~)0.160 | (0.080~)0.290 | (0.100~)0.090
H9 | (0.030~)0.054 | (0.042~)0.061 | (0.020~)0.074 | (0.040~)0.071
H10 | (0.060~)0.120 | (0.080~)0.180 | (0.120~)0.210 | (0.140~)0.250
H1l | (0.050~)0.080 | (0.050~)0.100 | (0.060~)0.080 | (0.040~)0.090
H12 | (0.030~)0.050 | (0.020~)0.050 | (0.060~)0.130 | (0.070~)0.150
H13 | (0.030~)0.060 | (0.020~)0.090 | (0.050~)0.090 | (0.040~)0.070
H14 | (0.120~)0.280 | (0.230~)0.300 | (0.070~)0.180 | (0.070~)0.090
H15 0.010 0.050 (0.020~)0.030 | (0.010~)0.050
H16 | (0.053~)0.090 | (0.016~)0.080 | (0.143~)0.177 | (0.160~)0.185
H17 | (0.050~)0.090 | (0.060~)0.120 | (0.170~)0.180 | (0.120~)0.130
H18 | (0.050~)0.130 | (0.070~)0.190 | (0.090~)0.190 | (0.090~)0.230
H19 | (0.050~)0.150 | (0.070~)0.190 | (0.080~)0.170 | (0.090~)0.210
H20 | (0.030~)0.050 | (0.040~)0.060 | (0.090~)0.200 | (0.100~)0.120
H21 | (0.110~)0.160 | (0.110~)0.160 | (0.270~)0.350 | (0.280~)0.360
H22 | (0.050~)0.090 | (0.060~)0.210 | (0.130~)0.210 | (0.110~)0.180
H23 | (0.090~)0.100 0.190 (0.019~)0.200 0.400
H24 | (0.030~)0.070 | (0.050~)0.090 | (0.100~)0.130 | (0.060~)0.150
average 0.092 0.121 0.165 0.145
H 42 7y =2 249 HCHOSF TVOC 5k9] ]

37olu] A FE % 12.5%0] @t AAAE 29 AT

719l HCHO X A%, B+ x4+ 0.121ppmolH, ZHdf
0.300ppm 4 0.020ppm Aelo] Eigict, 7FHAE FH

HCHO B4t 5k 74 BatEot 1318 =7 vrehde

2471 FEo] AMA Z4H TVOC Bkt B 0.165ppm
old, A 0.400ppm #4 0.030ppm Atolof] B}, 7FAA|=
ZF9 TVOC BE= Fat 0.145ppmo] o, 7PAAE 3 Hit
TVOC k= A Bt Eoh 0.87H =] 2453l

7149 TVOC & B HCHO &&= B2 1.794] =7 &
MElglom, Feof ik TVOC 5% ¥ak= HCHO &k HakE
o2 ZAog BAg)

32. CO. & Ae 24 B4
Table 5. Concentration of CO.(unit. ppm)
living room bm average|average| average| average |average
mum| ol mem| o olt; each l(')f oft of '0{1 .
ing night ing nigl ouse | liv. | mast. | morn. | nig
Hl 699 626( 1,265 5300 780 662 897 982 578
H2 | 1,020 1,405 1,030 1,450 1,226/ 12120 1,240 1,025 1,427
H3 | 2,390 1,590 2,850 1,650 2,120 1,990 2,250 2,620, 3,240
H4 9200 1,300 1,000 1,203 1,105 1,110 1,101 960 1,251
H5 802 7000 990 830 830, 751 1,820 896 765
H6 | 1,350/ 1,170 1,790 1,570, 1,470 1260 1,680 1,570 1,370
H7 926 1,190 976/ 1,315 1,101] 1,058 1,145 951 1,252
H8 7700 717 806 797 772 743 801 788 757
H9 952| 652| 545 625 693 802 598 748 638
HIO | 910 1,264 1,124 1,181 1,119 1,087 1,152 1,017 611
HIl| 920 780 81 8000 827 85 805 865 790
HI2 | 712 536 1,055 538 7100 624 796 883 1,074
HI13 | 1,025 1,075 1,075 1,060 1,058 1,050 1,067 1,050 1,067
Hi4| 820 510 83 5300 672 665 63 825 520
HI5| 1,103 851 1,247 832 1,008 9771 1,039 1,179 841
HI16 | 1,035 844/ 1,255 903 1,009 939 1,079 1,145 873
HI17 | 1,655 1,085 2,190 1,065 1,498 11,3700 1,627 1,922 1,075
HI8 | 893 7921 998 882 891 842 940 945 837
H19 | 1,208 1,014 1,231 980 1,108 1,111} 1,105 1,219 997
H20 | 1,233] 890 1,520 910, 1,138 1,061 1215 1,376 900
H21| 878 1,130 906 1,100 1,003 1,004 1,003 892 1,115
H22 | 1,545 832 2,490 1,950 1,704 1,188 1,095 2,017 1,391
H23 | 845 945 994 613 849 893 803 919 779
H24 | 1,115 1,290 1,205 1,120/ 1,182 1,202/ 1,162 1,160 1,205
averagel 1,071 966 1,092 1,018 1,078 1,019 1,129 1,164 1,056

FZ S5 AU 2400 9] CO, L& ARt ®ott
CO: o= AT hgoll A 22 ZARE] Qo H, of 3 1} A o]
ZA5kleh. AdolA oFel 4% CO. s%= Bt 1,071ppm
olglem Fdj 2,390ppm &4 699ppm Ato]of BT} A4
A A A% CO, sk B 966ppmo]en
1,590ppm 4> 510ppm Ate]of| 35T}, Aol 4] o} 23
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Fig. 1. HCHO- TVOC concentration of housing
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AFUETL =0 HAE RS G2 o2 Ao idelA] HA
57 gl o2 BARELH H22E oF CO, Bh+ 25 640
+ 1,950ppm, 274 9A]9= 2,490ppm 2 ZALE I}, @3t
ZAtolo] CO. I Apol= 1.28H] Zfo]S Kol 1 Qi 2014
ol =3 oot ER vig A 79.2m” of] 5910] A5k et
F L EFT ol EC|HA AF U7t =2 Zlo] Yjlo g A
=k H172 25 8A]o] A3 CO, HEE 1,065pmmo] e
™ @7 9Aloll= 2,190ppme] )t} 20070 54 oftE=R
HFEFH A2 112m’ o] 4Qlo] A5t Qich
Ad obd, AL, bl oA, b R A9 B, CO. T}
71%&2] o|5Fel Fel-& H5, H8, H9, H11, H14, H18, H23°|t}.
T Fel o2 WA Fe Fof 29%0f| st Fe vigtH A
112m? 370 9, 99m®* 17§ =, 92m* 17§ =, 79m* 17 S5,
59nf 17 Fejo|ot, v A o] & Fefo] b2 e H T} CO,
B A Uit Solst 2 Hl4+ 20059 &34 vietd
2 59nrof] 491 7ol AFstal e, 4714 A 25 CO: &
&7} 7124 olstg fAIstal ATk 71 A8 €-2 300 SRt

el 25534 ofs 28 o2 HHEH, A e

A7 A

Table. 6. Housings of lower CO . concentration (ppm)

master bedroom living room
morning night morning night
H5 802 700 990 830
HS8 770 717 806 797
H9 952 652 545 625
H11 920 780 810 800
H14 820 510 830 530
H18 893 792 998 882
H23 845 945 994 613

5. 5}27|et SE7| dUiE7] 2U=E Hu Y

5.1. HCHOS} TVOC S%& H|aEA

Table. 7. HCHO and TVOC concentration of summer? and winter

living room livingroom
HE HCHO(ppm) TVOC (ppm)

sum. win. sum. win.
HI 0.070 (0.120~)0.200 0.160 (0.150~)0.400

H2 0.050 0.020 0.080 0.050
H3 0.010 (0.030~)0.040 0.020 (0.080~)0.100
H4 0.038 0.100 0.035 (0.180~)0.190
H5 0.060 0.050 0.090 (0.100~)0.110
H6 0.040 (0.060~)0.090 0.040 (0.080~)0.190
H7 0.061 (0.005~)0.010 0.046 (0.010~)0.030
HS8 0.015 (0.030~)0.130 0.030 (0.080~)0.290
HO 0.052 (0.030~)0.054 0.100 (0.020~)0.074
H10 0.068 (0.060~)0.120 0.048 (0.120~)0.210
Hl11 0.012 (0.050~)0.080 0.016 (0.060~)0.080
HI12 0.080 (0.030~)0.050 0.150 (0.060~)0.130
H13 0.070 (0.030~)0.060 0.120 (0.050~)0.090
H14 0.040 (0.120~)0.280 0.090 (0.070~)0.180
H15 0.032 0.010 0.047 (0.020~)0.030
H16 0.080 (0.053~)0.090 0.090 (0.143~)0.177
H17 0.090 (0.050~)0.090 0.018 (0.170~)0.180
HI18 0.048 (0.050~)0.130 0.034 (0.090~)0.190
H19 0.039 (0.050~)0.150 0.027 (0.080~)0.170
H20 0.026 (0.030~)0.050 0.060 (0.090~)0.200
H21 0.036 (0.110~)0.160 0.026 (0.270~)0.350
H22 0.083 (0.050~)0.090 0.098 (0.130~)0.210
H23 0.021 (0.090~)0.100 0.044 (0.019~)0.200
H24 0.050 (0.030~)0.070 0.060 (0.100~)0.130

average 0.048 0.092 0.063 0.165

247 FHE o] s1Ar|et FAY] AMeA EHH HCHO%
TVOC 5% & Hl 2A6tH th53 2}, HCHO 5=+ ot4
7] B2 0.048ppme|H, 52 7] B2 0.092ppmo|tt. 527
FEe oHd7) ST o 28 =2 Ao = Uetth sk F
T %4 0.010ppmallAl |t 0.090ppmel EE3H, 527 5
T 24 0.010ppmolA 2t} 0.280ppmel HxgHch. HCHO
BE FA7] A a2 opdr] e ZA e, 547 F
27} sk 7] 2] 9] 3u) A= =2 Aoz EAH.

4 d714, o139, ¥ A 118%
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Fig. 3. HCHO concentration of summer and winter
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Fig. 4. TVOC concentration of summer and winter

78 4= k719 FE7)e 247) FEo] A SHH
TVOCELEE Uehd efoeltt, 547 TVOC 5=t 7|
of Hlste] &A Yeht 9low, 5487] TVOC & HapEch
47| WAt 2 AL Uil Qltk & k7)o Hlsty] &
A7)0 FHE Atolo]] TVOC & Zpol7t & Ao g BAH
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2 24 iy F499] d% P+ HCHOBZ= 0.094ppm,
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Aoz BAHL AR 7|E ALHE AY

£ FHolu 7040/ klo] A
Y27} 28° C~32° ColAtelqltt. 30° C
HCHO, TVOC 7|1&x2 @X z1}5}9]
AE= k. ol vl F-2ol 50 Y 54

2 HCHO, TVOCZ}t 71&4] olst2 ZAE Q)

R

o =2}

5.2. CO, & v &4

Table. 8. CO. concentration of summerS) and winter

living room master bedroom

num | sym. | win. | sum. | win. | sum. | win. | sum win.

mom. | mom. | night | night | mom. | mom. | night | night
H1 1,140 699 633 626 2,700 1,265 784 530
H2 566 1,020 665 1405 752 1,03 633 1,450
H3 914 2390 550 1,590 914 285 556 1,650
H4 783 9200 1,190 1,300 781 1,000 1,019 1,203
HS 712 802 665 7000 665 990 633 830
H6 1,085 1,350 837 1,170, 1,143 1,79 928 1,570
H7 622 9260 7220 1,190 1,01 9716 1,375 1,315
HS8 952 7700 628  717) 942 80§ 685 797
H9 784 952 1,195 652 874 54§ 787 625
H10 1,311 910 1,343 1264 2218 1124 2,013 1181
HI1 785 9200 681 780 720 810 745 800
HI12 527 712 5020 536 571 1055 514 538
HI13 959 1025 941 1075 982 1075 849 1060
H14 914 820 550 5100 914 830 556 530
HI15 1,050 1103 742  851] 1,575 1247 1,375 832
Hl6 781 1035 636 844 882 1255 726 903
H17 800 1655 867 1085 1,920 219 1,123 1065
H18 4606 893 465 7921 605 99§ 570) 882
H19 879 1208 69§ 1014 1,982 1231 705 980
H20 627 1233 889 890 617 152 767 910
H21 1,080 878 867 1130, 1,035 904 955 1100
H22 516 1545 507 832 462 249 493 1950
H23 785 845 692 945 1,145 994 551 613
H24 552 1115 5020 1290 806 1205 7060 1120
average 816 1071 748 966 1,137 125§ 835 1018

shE71et 547] CO. F&E vlawstd thart g A4
Al obdloll 5743 CO. =+ st 7] o= Batol 816ppme] 3L
o, F47|ol= 1071ppmeo] et AM A op el 7% &
A7] CO. F&7FsHa7] CO, Fkol H|sto] 1.318) =t AA
of 4 dto]l 45t CO, sk st 7] o= F+tol 748ppmol S
om, FA7|= 966ppmo] tt. A Hreoll ZH7 5H 7]
CO: &k 5+d7] CO. “skof Hlste] 1.294] =} AH L] 5
A7) CO, s s1d7] rrT} 130 & Z o= Bagr)
SHFo A ofFe] A CO, BLEE: sHd7|de Bdo
1,137ppmo| o, FA7]o+= 1,258ppmo] 2 tt.

el A opgeo] 47t F47] CO, sEE3Hd7] CO. &
TR LRI Ao E EA Rk ehfoll A Hofl £ CO.
FLE oskE7|d+e Hdo] 835ppmollew, FET|AgE
1,018ppmeo]iet. bl Al Hro] 5435 54 7] CO. Tk x o}

5) grel A, 119%
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Fig. 6. CO. concentration of master bedroom night

6. ZE

Z AL A} 2470 81 0] 54 7] HCHO 5= -2 0.092ppm
O = 5147] B2 0.048ppme] H|5ke] oF 28] 52 71 0 & e}
wtth 547 HCHO %%+ 0.010ppm~0.280ppmo] 23 5}o],
318 7] 5= BE 0.010ppm~0.090ppmef| Bt XA x]E= &
ot HjxjeflA 3uf o] =A Uehdtt F87] TVOC 5% 3
T2 0.170ppm o2 5F47] Bt 0.063ppmErt oF 2,74 &
Aog FAESY. 47 sE+= 0.030ppm~0.400ppmell
Bxslo] 5147 5= E3E 0.016ppm~0.160ppmol| H]|5}e]
a2 oA 3.08, A4 258 E& AoR FEAH
t}. skd7|9t 54719 HCHO%EES H#3 HCHOS ==
0.094ppmel™, a}dr|et Fd719] TVOC sks Bt
TVOC % &= 0.145ppmelt}. sHd7]et 547 TVOC B&
= HCHO &= HFEoh 154 =2 Aoz EAHg, F
g o] A4 FA7]ol 4H HCHO® TVOC?] 57} 6f
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2 i eER QI A o
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1,071ppm 2.2 518 7] o] 816ppmef| H5te] 1.34] &}, 5

A7)0l AL A well 57443 CO. 5k+= 966ppm .= 514 7]
vt 748ppmEtt 1.38) Eot. A7) ShgellA o SA7t
CO, 5% Hv2 1,258ppm o2, 5187] ‘s H 1,137ppm
Hot L18] = 27100 bgol A well 4% CO. 5k Bt
2 1,018ppme. 2 514 7] 5k H#835ppmErt 1.28] =t}
g o] bt Ao M 249 CO. F= Bt 54717F s+ 7]
Hot ofZF 1L1~1.3 2 A2 7 A Aol of| & Zol & Hol
A FaL e

FH AFARe] QAR del A & HolA Ad 71
Fol edEdd EEYHUSEMHCHO), FHE4F718H
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