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7R 7'SP208-20 Dual 11 (Y —=x V%A = 2%k
) ZHWT, AFAEEZEL2PLEN (BH)
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L 7=, Z#Ei% £ (Coefficient of Variation: CV, %)Ml
EMOEERZEZ FHETRL CHSHEE LTERL
72

TD-GC/MS D3 4FIL TRLDIEY Th 5,
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SYEIEETE T 4 B 2 212 6 [RIERER - IE L7m e
DOEREIL, £NF1 195 ng/ms, 414 png/ms3, B &
836 pg/ms3 Th-7=, 21EICEITH TVOC EED
—HRCM/OMITZENEI 84%, 80%F LT 85%
Th v, FEHERBRIEORNEME SEREIEOAEME
N 3HEFE BRRGE Th 7= &k, HERERBRE
ICHLE SN DHBIFRINZ Y Th D Z R ani

(Table 3).

S EIHEIEIC BT B & REE O L EfREL (CV) 1%
FEEATH0%THY, FRZFRIOEZ A b (Seg.
4) TEWMEZ R L, BRRBBIR O I X 5 8
mEz b (Fig 2), i, £ BLFEE C O
CV IZFNTH 26%, 22%ThH 1, BEFICEBH DK
XWNEZ AU MIRO LT, EFRNICEWVIREZ
RLTEZ E0D, EFRABHEIROTENRRKE NS D
L&z 5= (Table 3),

fERIVOC

HIEXGE Lz 50D VOC @ 9 5, iy &
Elzkt & 7= VOC 1%, Nonanal, Decanal,
Tetradecane, Decamethylcyclopentasiloxane (D5)
Limonene, X X a-Pinene @ 6 #'& T& - 7= (Table
8), 7o, HEMEREEOWEM & oBIHELEDOGH
2 e U725 5, 2 {EOREMITIMARZETH -
7= (Fig 8 &%\ Table 3).

b 6 WEOKESREEHERILT D720, &k
T AV NOBREREZFEEZEICHZ T 7 TRLE

(Fig 4), = DO#5%, Nonanal, Decanal, KO
Tetradecane TIZWTHOEEHHFEIC6H0FI S,
v 7 A MO CV 1% 23%LL FTH -7, Nonanal
K> Decanal |81 D EEL 9K, DI S
1, Tetradecane [T =LK — & DS
TEY, TRBICHKRTLZbDLEERZ DN,

D5 X° Limonene (Zt& 7 A > MZ X o TEHENE
DB, CVAEIZW TS 37%LL - Tdh -7 (Table
3), D5 1 IRAAME, Zedkdk, LM, m A ARE A
LOREND, FREAGO =Y ST Y
Zik7e I ER S5 6, Limonene |L, FEEH
R, ARPES, JEEAIZR IR SRS 7,
B O HIZ k> T D5 <° Limonene (LB
DEBEFEZ R Lo FREMEDN B 5, FRICHEE A TiX
TVOC D@\ R4 (Fig 2 (A), Seg. 4) 23 D5
O L #EE L= Z L (Fig8(A), D5 &8
BT 53—V F 78 OM AN TVOC IREIZR
BhE G212 ERRBEENT,

a-Pinene @ CV fHIZZNZH 104% ((EE A),

-
—



116% ((EE B), 8% (EFECOTHV, EEIT LITH
72 B @) 2 — T o7 (Table 3), a-Pinene I3,
E¥ES, =Y F N r7HEE, B OR 7 L —#E|
7 EEFLKAS E L TR STV S —5 T
8, K#F R DGR EFOARE TS 7e & W R &
LThERIND 9, FEEIZ, (% C TIEIAREMD
FAMNZLNZ &5, a-Pinene [T b @& w il b
DIRAET ORI EZ R LI b D LRI N,

Decanal [Z-2VNC, AR C i &8 D Kook %
RLTER, BHERREERLT v~ A A VEICH
AL TWS 728 10, 5% OFHEIC LD IREGHIZ
SEEINLAREELH D, slEHREFEEHLHEOL
THRETLHIVNERD D,

D. #&im

TVOC OHEIEICE L TiE, EUEREREOMIEME &
DEHEEOAREMEPHRFRE TH-o T2 LD,
FEERBRIE I HRE SN AR N Z Y THDH Z &
DR E 72, R VOC oRIEIZEI LT, &,
B N O OIRAARNC KB S 4, EFRICEI LT
X2 R EUR R 4 R T b —EOFHMmIL AR & B %
LD, BREFRSOIRERUCES L Cik VOC Dk
BREEOERIKRELBERT S0, BlATO 24
RERER DS BRE S 40T D ERYERER VA 1 A R E 23
WETH D LR Sz,

E. WFRRR
1. XK
L
2. FEFR
1. KUBEXE, SAKRER, WHHER, NILERE
. [BNZELQHPIEFWERE~ =27 1) 12
BT 5 BRI [ O RRGE. 20244F LN ER
BEFRTAN RS, 20244F11 4
2. KUBEME, WIHER, NILEET TERNEX
L E OB BIR O R E I BT 5 F
72, H AR 1454E4, 20254E3 1
FAHIFTA HE D BUERIR I
1. BB
7L

186

2. ERHREZHE
Bl
3. 0
Bl
G.5| iR
1) JEAE GBI  ENZE R L DR N

FEEHE M OEYERIHIE FEIZ DWW T CERR124E)
JEAE AR AR R, AREE-OL=F

2) JEA T - BN E OENEE
FREHEIZDWT CERIAE) |, BAGEEESRK - 4
IEf A R R, AT 5.

3) JEAE T BN E O E~ =
27 (RE) lconWT (&f78) , EEKRE

EIGFEAE RS, EIEIEEIR0117E 4 5.
4) Hu Y., Cheng X., Wang S., Chen J., Zhao

T. and Dai E.: Time series forecasting for urban bui
lding energy consumption based on graph convolutio
nal network, Applied Energy, 307, 118231 (2022).

5) Hodgson A. T., Rudd A. F., Beal D. and C
handra S.: Volatile organic compound concentrations

and emission rates in new manufactured and site-buil
t houses, Indoor Air, 10(3), 178-192 (2000).

6) HAACHES R FE: 7 A F s 7 m s
NG A= L aavg

7)
lity and ventilation strategies in low-energy houses,

Building and Environment, 107433 (2021).

8) Cal K. and Sznitowska M.: Application of ar
tificial membranes in topical drug delivery studies, 1
nternational Journal of Cosmetic Science, 28(2), 85-9
0 (2000).

9) An Y., Shaw C. Y. and Magee R. J.: Airflo
w measurements in a large building, Internal Report
No. IRC-IR-750, National Research Council of Cana
da (1997).

100  KEI, FEEIL, WO, EFIE—: DNPH
FERL-HPLCIE A FW e s N2 T — v K
QT T F— L HFHE O & FRETLE, MBI,

8(1), 1-8 (2005)

Thevenet F. and de Jonge L.: Indoor air qua



Table 1. BIEXRWEOHRFRERE (RT) . ¥ —57 v b F 2 (mr), WA A2 (m5)

Chemicals RT (min)  Target ion i((:)::nflrm Chemicals RT (min)  Target ion i(;:])nflrm
Dichloromethane 4.20 84 49 3-Ethyltoluene 16.4 105 120,91
2-Butanone 5.02 43 72 4-Ethyltoluene 16.5 105 120,91
Ethyl Acetate 5.41 70 61 1,3,5-Trimethylbenzene 16.7 105 120, 77
Hexane 5.47 57 41, 56 2-Ethyltoluene 17.1 105 91, 120
Chloroform 5.53 83 85, 47 B-Pinene 17.4 93 69, 41
1,2-Dichlorethane 6.07 62 98 1,2,4-Trimethylbenzene 17.6 105 77,120
2,4-Dimethylpentane 5.90 43 57,85 D4 178 281 265,249
1-Butanol 6.49 56 41 Decane 18.0 43 57,71
Benzene 6.67 78 77,51 1,4-Dichlorobenzene 18.0 146 111
1,2-Dichloropropane 7.39 63 41,76 1,2,3-Trimethylbenzene 18.6 105 120, 77
Bromodichloromethane 7.56 83 47 Limonene 19.0 68 93, 67
Trichloroethylene 7.60 95 97,130 L4 20.3 207 295
2,2,4-Trimethylpentane 7.65 57 41 Nonanal 20.9 57 41,98
Heptane 7.88 43 57,71 Undecane 21.3 43 57,71
Methyl Isobutyl Ketone 8.50 43 58, 100 'T’ﬁtfjr-]ethylbenzene 21.8 119 134,91
Toluene-dg (IS) 9.54 98 100, 70 D5 231 267 355,73
Toluene 9.68 91 92, 65 Decanal 24.1 43 41,57
Dibromochloromethane 10.2 129 127,131 Dodecane 24.5 43 57,71
Octane 11.0 43 41, 85 L5 25.8 281 ;37 369,
Tetrachloroethylene 11.2 166 129, 164 Tridecane 27.4 57 71,43
Ethylbenzene 12.9 91 106, 51 D6 284 341 429

m,p -Xylene 13.2 91 106, 105 Tetradecane 30.2 57 71,43
Styrene 13.8 104 103, 78 L6 306 221 281,147
0 -Xylene 14.0 91 106, 105 Pentadecane 32.8 57 71,43
Nonane 14.5 43 41,57 Hexadecane 35.3 57 71,85
a-Pinene 15.9 93 92,91

IS: Internal Standard

D4: Octamethy Icy clotetrasiloxane
L4: Tetramethy Itetrasiloxane

D5: Decamethy Icy clopentasiloxane
L5: Pentamethy Ipentasiloxane

D6: Dodecamethy Icy clohexasiloxane

L6: Hexamethy Ihexasiloxane
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Table 2. BIEXREEDHNR

Residence Start Date Building Type Completion Date
A June 19, 2024 Apartment (Collective Housing)  Before Building Standards Act Revision (Before June 2003)
B July 20, 2024 Detached House After Building Standards Act Revision (After July 2003)
C September 15,2024  Detached House After Building Standards Act Revision (After July 2003)

Table 3. fEEA-CIZB W THEAEEEICHREENZTVOC « {LFEWE DEAERBRIE DO HIEE & HEREED
T A NOBPEERCAEM,. b WNEDOHEIC X 5 —BFREB L OEEHRE
CM * (ug/m°)

_ ) om* CM/OM CV
Chemicals Residence (ug/m? Total (%) (%)"
ug/m°) Seg. 1 Seg. 2 Seg. 3 Seg. 4 Seg. 5 Seg. 6 (Segs. 1-6) (
A 2.31x102 3.44x10t  2.57x10t  1.91x10' 6.10x10t 3.74x10'  1.70x10t  1.95x102 84.3 49.7
TVOC B 5.18x10? 6.14x10t  9.42x10* 6.13x10* 4.90x10* 6.04x10* 8.75x10t  4.14x10? 79.8 25.7
C 9.82x10? 1.91x102 1.57x102 1.41x102 1.25x102 1.15x102 1.07x102 8.36x10? 85.1 22.3
A 2.24x10t 3.34x10°  4.34x10°  3.28x10°  3.22x10°  2.78x10°  2.24x10°  1.92x10* 85.8 21.8
Nonanal B 2.32x10t 4.28x10°  5.44x10°  4.16x10°  3.33x10°  3.25x10°  5.07x10°  2.55%x10t 110 20.8
C 2.58x10* 4.01x10°  3.91x10° 3.04x10° 2.96x10° 2.87x10° 2.77x10° 1.96x10! 75.9 16.8
A 1.66x10* 2.10x10°  2.82x10°  1.98x10°  1.92x10° 1.75x10° 1.48x10° 1.21x10* 72.6 22.5
Decanal B 1.82x10* 2.05x10°  3.17x10°  2.13x10°  2.99x10°  1.94x10° 2.86x10° 1.51x10* 83.1 21.6
C 7.09x10° 8.34x10"  7.73x10' 6.05x10" 5.77x10'  6.05x10" 5.87x10°' 3.98x10° 56.2 16.7
A 2.19x10° 2.45x100 2.86x10"  2.53x107"  2.87x107' 2.91x107' 2.14x107' 1.58x10° 72.0 117
Tetradecane B 9.72x107" N.D.* N.D. N.D. N.D. N.D. N.D. — — —
C 3.04x10t 3.59x10°  3.77x10° 3.76x10° 3.32x10° 2.89x10° 2.86x10°  2.02x10* 66.4 12.3
A 4.31x10* 1.31x10°  1.59x10°  1.32x10° 2.22x10*  8.54x10°  1.42x10°  3.64x10* 84.5 139
D5 B 1.43x10* 5.49x107"  2.42x10°  1.22x10°  7.07x10°  7.34x10" 7.93x10' 1.28x10* 89.2 118
C 8.01x10! 2.11x10t  1.22x10t  9.61x10° 8.44x10° 5.87x10° 4.48x10°  6.17x10! 77.0 58.1
A 2.16x10° 5.57x107" 3.14x10"  2.24x107"  5.84x10'  5.84x107"  1.69x107' 2.43x10° 113 47.3
Limonene B 7.75%10° 1.27x10°  2.30x10°  1.95x10°  1.06x10°  1.12x10°  3.24x10°  1.09x10* 141 46.8
C 4.78x10t 1.02x10t  6.30x10° 5.13x10°  4.68x10°  3.93x10° 5.84x10° 3.61x10* 75.5 37.0
A 2.41x10* 1.05x10t  2.53x10°  1.22x10°  5.82x10°  1.53x10° 4.76x107" 2.21x10* 91.3 104
o-Pinene B 3.15%10° N.D. 5.25%10"  5.12x107"  N.D. N.D. 8.42x107"  1.88x10° 59.8 116
C 2.61x10t 3.35x10°  3.79x10°  3.41x10° 3.40x10° 3.58x10° 2.95x10° 2.05x10* 78.5 8.21

1 OM: Official method

#2 CM: Cumulative split sampling method

% CV: Coefficient of Variation=Standard deviation/Average x 100
# N.D.: Not detected
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Cumulative split sampling method (CM) Official method (OM)

(4 hours * 6 segments = 1 day) (24 hours * 1 segment = 1 day)

*SP208-20Dual II, Line 1 *SP208-20Dual II, Line 2

*Flow rate: 2 mL/min for 4 hours (0.48 L per sample) *Flow rate: 2 mL/min for 24 hours (2.88 L per sample)
=STS-25 Continuous Sampler

Seg. 1 Seg. 3 Seg. 6

CM

| [N I I | | | I I I | I N N I | N I I | |
0 6 12 18 24(h)

Fig. 1 Flow chart of the official method (OM) and the cumulative split sampling method (CM). Seg.:
Segment

(A) (B) ©)
250 600 1,200
200 500 1,000 mOM
- el
400 800
o n - m
£ E w0 E 60 uSeg.3
* 100 = . . uSeg. 4
200 400 .
Seg. 5
s 100 200 uSeg. 6
0 | 0 L] 0 |
oM cM oM cM oM cM

Fig. 2 Comparison of measured TVOC values per segment between the official method (OM) and the
cumulative split sampling method (CM) in the three residential houses.
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Fig. 3 Comparison of measured VOC values per segment detected above 10 ug/mL between the official
method (OM) and the cumulative split sampling method (CM) in the three residential houses.

Nonanal Decanal Tetradecane D5 Limonene u-Pinene
Residence A ‘ '| ‘

CV 104% mSeg. 1
- " Seg.2
‘ \ mSeg. 3
— " Seg. 4
CV21% CV 116% .Seg_ﬁ

Residence C ‘. "

CV 17% CV 8%
Steady state-type  Steady state-type Steady state-type Temporal-type Temporal-type Complex-type

Fig. 4 Comparison of individual VOC measurements by time of day. ND: Not detected.
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