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A Study on the Major Building Material and Construction Method
Influencing to IAQ through Full-Scale House Construction
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ABSTRACT: Formaldehyde and total volatile organic compounds (TVOC) from building ma-
terials have been known as main causes of IAQ problem in Newly-Constructed Multi-Family
Houses. Because Multi-Family Houses are built in large quantities in a similar manner, inap-
propriate selection of building materials and method will detrimental affect IAQ. This research
aims to identify major causes of Indoor Air Pollutants in Multi-Family Houses, by construc-
ting Mock-Up & One-Room House. As a result, self leveling concrete, door, and furniture
construction is a major cause of indoor formaldehyde increase, and tile bond is TVOC, and
urethane water proof is Etylbenzene, and Xylene.

Key words: Multi-family houses(¥ %% H), Building materials(71% x}#}), Formaldehyde(Z& < H|
3to] =), Total volatile organic compounds(TVOC, % 3%274 #718t%&E)
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Fig. 1 Flow chart of study.
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Table 1 Comparison of HCHO & TVOC (Unit: pg/m’)

HCHO TVOC Party
USA 1 ppm (8h), 2 ppm (15 min) - EPA
Canada 60 - Health Canada
50 - MDE
Finl 1 52 S3 S1 S2 S3
inland S FISIAQ
30 50 100 200 300 600
AQ1 AQ2 AQx AQl AQ2 AQx
E ANVAC
v 50 100 * 200 500 * SC
Australia 120 ppb 500 NHMRC
Japan 100 400 MHLW
V t Vest AY t Vest
Hongkong er33/ Oves 18?) erglo(;fes 68?) IAQ Management Group
Singapore 120 3 ppm MOE
Korea 120 500 ] MOE
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Table 2 Guideline of 5 VOCs (Unit: /.tg/;n3)

"Pollutants | Hongkong | .. Japan Korea
Benzene 16.1 - - - 30
Toluene 1092 _ 260 1000

Etylbenzene 1447 3800 7360
Xylene 1447 370 700
Stylene - 220 300

g Asted FEQ" Table 17 Table 29l
FU e Egdstel=9 TVOC, 281 5% VOCs
71&2% vuE s
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Fig. 2 Mock-Up room plan.
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Table 3 Applied building materials (Unit: mg/

A4 Huy m’-h)
Type Material HCHO | TVOC
Gypsum board 0.005 0.173
Putty 0.024 0.051
Wall Wallpaper bond | 0.011 0.008
1st Wallpaper 0.007 0.001
Living 2nd Wallpaper 0.003 0.102
Remital 0.002 0.005
Floor | OndolMaru bond | 0.006 0.063
OndolMaru 0.007 0.096
Bath & Tile bond 0.024 .| 22.024
Kitchen Tile 0.006 0.062

Fig. 5 One-room house interior.

Table 4 Construction & e'xperimenf schedule

Construction process

Step | Date Mock-Up .One-room house Room condition
’ . A room Livingroom Bathroom

1T 1225 - Removal Removal
S 2 3.15 Concrete drying Concrete drying Water proof
-3 |3.18 - Kitchen tile Bath tile
4 |3.23 - 1st WallPaper - terlrfs;?;?ire
-5 3.26 WallPaper 2nd WallPaper -

6 3.30 * OndolMaru OndolMaru Shower booth

7 4,01 {OndolMaru after 3 day|OndolMaru after 3 day Sanitary fixture
' 8 14.10 Heating Door & heating Door Heating, all door

9 417 Heating continue Furniture Ceiling Paint closed, furniture
10 | 4.24 |- Heating -continue Finish Finish . door opened
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Table 5 Experiment result (Unit: ug/ms)

Step | HCHO | TVOC |Benzene | Toluene | Etylbenzene | Xylene | Stylene { DB(C)|RH(%)
2 247.6 275.7 1.0 78 11.8 24.0 0.7 21.1 50.0
5 166.9 938.3 1.7 100.0 24 4.7 0.7 129 61.0
Mock-Up 6 445 767.7 1.0 1229 4.3 7.8 0.3 14.8 30.0
room 7 70.7 857.8 1.5 164.9 59 9.2 05 16.1 33.0
8 175.7 1438.6 0.8 355.7 135 179 1.3 26.9 440
9 64.0 4549 0.7 164.4 32 5.1 05 26.4 16.0
10 76.0 528.4 04 160.1 4.1 6.8 0.8 29.6 15.0
1 20.7 799.1 1.6 147.8 6.3 275 0.0 10.0 195
2 28.6 7710.3 1.6 955 462.1 1991.4 0.0 14.0 53.0
3 29.3 10087.6 2.0 392.7 110.0 371.2 6.3 15.8 43.0
4 51.4 21683.3 2.3 2878 126.6 481.6 10.6 17.1 39.0
Living 5 34.8 22003.9 24 274.7 1144 486.0 13.6 16.0 42.0
room 6 32.1 13914.1 1.6 176.1 54.9 2735 52 16.7 27.0
7 379 18646.5 2.3 2290 785 384.3 9.0 179 31.0
8 1355 | 172137 1.0 307.0 60.8 3283 19.2 27.0 430
9 1855 | 14784.4 1.1 1104.2 83.8 370.9 223 265 16.0
10 200.7 88785 05 471.0 36.5 197.8 100 25.3 23.0
1 20.7 7784 16 140.6 6.0 26.1 0.0 10.0 195
2 295 9195.2 14 85.5 550.7 2318.2 0.0 14.0 53.0
3 26.9 20131.2 14 396.1 142.2 4856 8.6 158 43.0
4 445 27225.1 24 286.4 160.0 593.0 121 17.1 39.0
Bath 5 35.0 23855.6 2.3 276.7 130.5 541.8 145 15.6 44.0
room 6 340 179675 14 166.1 69.5 3437 54 17.1 28.0
7 433 | 225744 1.9 216.6 90.4 4329 10.0 18.1 34.0
8 105.2 | 29293.1 0.8 2495 120.7 626.8 184 24.2 50.0
9 163.6 | 26812.6 0.8 496.1 148.0 7115 276 25.1 19.0
10 194.8 | 24590.6 06 383.6 160.4 826.3 181 253 24.0




AE FA ATE T AN 488 vAE F8 AFZAA L AFWEY B A7 267

dEth oy s AlF 39 F(Step Dell ¥
E%o] o4 F73IHeH, ol 2EUFEAFTY
dgfoz otk EFH G F(Step 8)0l
wEgo] F/F RoZ wFojnel AU
Aoz Astd AZAA WRe ELdsiel=
7t 843t5e] HEed Aoz wddn gl
A ol N&HoB LEE #(Step 9, 1008+
SolE Eddstol = FteA Lot
Mock-Up Ad49 TVOC w&ae uig g
WE AF F(Step 2N E 2757 pg/m’2 Ak o
71 €9 W$ HL& FEFE JehdTh a9
U ZHjAl T F(Step Hole FFsA As3A
T, ol AF %7 =wlE Foz AT FE
Z712 AZY FAC B2 49 29EF] d
Aol wEE97] dEQY Aoz Addr olF
vlgtA Al F L ulgA AlF 39 3(Step 6, 7t
A & ¥WgE JEhiA fFgtoy, dHAA F
(Step 8) ELHslol=¢ Zg-9 o] W&ol
g4 ZFuledn. Z20tEaY EAAT Foly
A g} 2EUFAA HEEHT VOCse ol ZA
Z71%8 Ao 2 JEwr Jdus AAE F 79
(Step 9)o] A3 F ELdHslol= A} AL
A L&Fo] thrl & Fo 2 dolxd, o=
AU g wet A5 U9 ERAFFo &
Aglslo] AEAA U9 B 2gEA] HEY
o Yelgd AFA2 FHAT AF AF} 4 409
A3 F(Step 10)°lE 5284 pug/m’E FERETH
5% VOCse AIFHA Fo] I Aar&Ee
z3sA ggton, dE AAg F(Step 8)
A BRE Bdo] 71F #& wEZFS YL
o], o] A7 e} A FEFo| ZAAIHY.

42 BEFH &3

Egysiols BE B V& AH A FRE
SEE A F(Step 1~77HA Ade] HWF 335
ﬂg/mz, &40 Y7 334 ug/m’s AABA e
Wk 2y 2R B ATsn G AAG
Z(Step Q)FH FH3] FsHeAded, ol dy
o2 A% AUYLE P40z 2EuFg 2i)
BoA EQdstelsrt BgHoez o wae
Roz mogch 7TE WYY F(Step 9olE
Aol 1855 pg/m’2 W& FASA F7HA
24e S 2ol A4 REsgedE 7=

Q1§ Qgko] UEITh A} &8 F(Step 10)7HA]
A4o] 2007 pg/m’2 AL AT, BEAA
&% APAe Mock-Up @A Azt w
Zate] Ao e Edustol=E 7k AR
2Ae 4o 7t & Aoz weE)

TVOC #&#FS Mock-Up A9 =3 n
GAE FYaA ALPSNT 7|EA MY HA
$RE ¥z AlF £(Step 1~571A] A&Ho=
Z7tste) WEZANE tl$ 2 xjolst el
o BEF HHe AdT Sao] wxsA e
Un Qe 49 wawe) b Be ez
Uehgdth A4S FAo2 TVOC %33 W
£ AWuEE 71E AH HA F(Step Dl 799.1
pg/m’2 FU Fol & AAHS AT AR
¥ 7129 500 ug/m’e 2B} olF AL
23E vy 0y &40 Y P AF
& FAo] AAF F(Step 2)°l 7710.3 pg/m’ 2 o
108} 7t7ke] AA Frteltr. A=2etEDY B4
A5, SdUg Wdd ] L= 52 VOCs 9
9 718t VOCs7t TVOC #& % Z7te) & 9%
& "R Aoz HFAHUT £F ST 93
@ M4E AFHNSE ARuEIY HuYe
AdAME A9 FUsA ek AY, F2
2 24 B89 AlF 3(Step 3= 10087.6 ug/m’
2 37 Z7hshen, 848 201312 ug/m’E A
AR 28i7F =4 Jelgt Z2elEOY BA
A%, BYPFAS) znEadR AN &4
o] azmEaPe] FUF A Hoz Yeh,
Bad AN BEEE VOCs7F AWE7)e Al
7% 9ge 71 Jee ¢ & YUk xwH
A NE F(Step HANE B AT Fo| BYH
2B Aoy AML 216833 pg/m’, &
& 279051 pyg/m’E B Zoz Zregn. A
Wz AlZ F(Step 5) A S 220039 pg/m’E A
o Y FFoH FAHROY, §UL 238556
pg/m’s & oz RAsUTY. LEUE AT
F(Step 6) AN} &4 BT 139141 pg/m’
179675 ug/m’2 W& o] A 7ZASAY. &
2 AFEAL Gy AA F(Step 8ol AN
222 1721375 pg/m° S A HhE, 249 W
2L 202931 pg/m’2 Z71etQTh ol: AMT
248 Ex Toz EsAs] W, vluH
AFHH] 2 84 BYHAAN AR E L
B AMZ o|Fsx Rstm &4 Wl F



208 #Y7 -

of, Fulo] A|FF BdHFA J&g e
740% godn. Ao vt FurtFE
t&‘ﬂﬂ F(Step Mol AHT &4 BF 147844
pg/m St 268126 ug/m’ 2. WE o] BAasRon,
NE @8 F(Step 10) 88785 ug/m’sh 245906
pg/m’z A WEF gast B9 ZA Je
gt 43 9AdEE TVOC IZnEIY B4y
A3, BdHyatae ggos gd AF olF 7t
TEFY H(Step 3~8)7HA EIYHEFZA o9 AF
AR e e A9 Yeltx gt

5% VOCst A9 iﬁﬂE g 8l &
A9 gt g A|FE T AAF F(Step
2)el AAT &4 A EtylbenzenehL Xyleneol
71F2S 293 Aoz JveElgey Bd AlF £
of W4 AlF FEWel ERAHAN ZA HAEHA
o T3 Ade Euto|dy FUATE YT
Z(Step 9) Toluene®] 71&E& zFAd+= AL
velen Fue HA Wy HUEE AT
% (Step 9) Xyleneo] 71&& 233l

r°" il r°‘

5. Efd opzHN AEH
51 Bty oA dEAL

g7 492, oY FRAAE gl 4
GREo] JeiA YLAE WEIE LGB
AW TVOC F7bel wl$ 2 98e vxzm 9e
Aoz vehgth wed B AFeME BHdY
& doz 28 ANE olgstel AT A
£8 P43 SQA HTY NBE AN
%, ATl dE $EFEE PR e
Q¥ wpFge de0g, Hunc, BAPRA,
Bue ¢4z AFFA 488 <45 53
A Fig.63% 2ol AAstgon, Narsge I
BAAEAA ABPE YVAFAAS FLD

Table 6 Composed tile wall experiment result

HCHO (mg/m**h) | TVOC (mg/m"*h)
1 day 0.022 22.805
3 day 0.041 16.585
5 day 0.044 14709
7 day 0.046 12.452
10 day 0.039 11.035
15 day 0.037 8572
20 day 6.638
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Table 7 Elapsed day to reach standard

Below
0.1 0.2 0.4 2.0 40

mg/mz'h

Day 330,000 68,000 | 14,000 ] 359 [ 74

Table 8 Largest 5 VOCs (20 day)

R.T. Compounds Quality
34.319 Decane .97
35.221 1,2,3-trimEtylbenzene 94
37.466 3-methyl-Decane 97
37.915 {4-ethyl-1,2-dimethyl-Benzene| 91
38.749 Undecane 95
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