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Chapter8 Changes in IAQ
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Chapter8 Changes in IAQ
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Tables WA R JLEEH SRR

BEHHE®
formaldehyde~5} BB B¢ - formaldehyde-{E 4818 R Bf - acetaldehyde- ¥ BB EE- acetaldehyde-{E 312 77 Bf -
z -2.001° -1.995° ~2.491% -1.224*
| SR E R RS () 045 046 013 221

a. BOIERIZH S
b. Wilcoxon OFBHEIRMEE

K[ENEEL L THEIMERIZSH 21260 0b 64, SFRNEEAER L2 =B H o 1 i
BB EOHEMAET b b, £ LRI RSN B < ER L L 2B E OMEIC BT 5 =0
EABEZBND, Fig9Z 1EB & 2EIHORROEE 7T, Figd L0, MEEEICHETS
HiRITCRL2EBICBWTOR LA T HHBICH D Z L dbhnd, 2 CTANETIE. &EED
HMEBEDOEAL L RE FRIZBFBIZOVWTH#HRS - L L,

FPEEIC OV TIE, ENRE L RBANRE, BEE» SRS U 3), i
HOKBILUTOLEY THD, WES —NOELKOBREIZLREFET S &, BN EWE
OB UL TFO L S 1272 5,

Cin = Cout +£
0
ZOREERTD L,

E ZQ(Cm .__Com) 0 (3)

T.

E LY E 1 B [mg/m’]
=§5’1~{t%%"§{fﬁlﬁ: [mg/m’]
= i [mg/hr]
= &K & [m’/hr]

-
—

mmrzqn

L O R (RS DIREERAFMEIZ LT @ Arrhenius ©O(4) TH T2 LN TX 3

-H

k=Ae® -..(4)

ZIT
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A=K

H=1&M b= L ¥ —

R=5UA7E 4£[0.08206 atm + dm’ /K * mol = 8.314J /K + mol]
T=iRE[K]

INEHARMEOBIERS 5 LGB BN,
-F 1

In(k)=——e—+In(A4) ---(5

n(k) 77 (A) (5)

DEY . loghZ UTIZHLTT oy b+ 2587 T 7T y=mx+b DEM L 25, k&, (L5
B n 8l B OBEGEE En[mg/hr]& L, 1EEMS 2B HZRENTRG) 27T, 20EEE -
TR EX6) BB LD,

formaldehyde {22\ T, (6)2 7y b LI b D% FigloIRY(F L= 272 v k), Fig.10
L0 HBEETIIRVEE. HERERHETLBWVHEBERR O, FEEFR-EESE 2> TS
ZEMD HRENSHEMLIIZH b 5, formaldehyde J2 B AMERL L 72 Ao 7= BRI - ST
L, formaldehyde DIRVVREKIFME CHAT I ENTE D LEX LN A,

—J7. acetaldehyde {22V T % formaldehyde & [RIEEHE B 1IR3, Sl BRREIZ A MR 0013 T
ARICREASHEML Tz, ERIBTEE CIIABHEE 0221 THEABMME 1345 62057
(Table5), € ZC. acetaldehyde AU OIREKRFIEIZ- OV T Fig11 127, Figll LY.,
acetaldehyde |356t FREE, fEEIETIEILIZHIBIN RON oo 2 L s REEIZEK S 2208
RAFEL T L AMREMEA R T & 5, ZO6IE LT, &5, Bl, 7 a— LRiEERL L.
JFEEEBRRO G ONREFT BN D, BIZHRIEIT acetaldehyde DRI E L TCHA TH S, £ MIT
Na—j(xF )= EERT S L. KN TR# SN acetaldehyde & 705, = O—EBASFEL L 4t
WHHHEN 20 Th D, 2. BBETOLOL, 22K THEL SN acetaldehyde & 72 5, AR5
T, 2L E2bEA RBOAMRET 47— N CRERY #E LTS, Figl2 12800
DA HE L FE P acetaldehyde I 12D\ TR (Fig 12 X3 X TORE A E LT - TV 3),
Fig 12 10| SiBOEME BNREICHK R EZ IR NG -, “hit, 7or—Roko<T
OB EETHELBIRET D LN TER o722 L0, BILIAMN & B A3 25417
ET2ENFRTHL EEZ BN D, AFE T, acetaldehyde ORI & LT bt HEasH.
itz 2 Tz lodh, ZOMOEFRRB OB ST D EIRIEAIEIE L Tuveuy, 5o T,
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41413 acetaldehyde 00 & & 72 2 BRI ARAT A e8> 2 & RIS . JR{EH RO B G L 2 4

7 acetaldehyde 23 L TUND &9 fERRPEZ FEHH L Cus < B AV RIS Xt

In(E1/E2)

In(E1/E2)

1412 11[H]
FEBE & TR

—J5. Fig.13,

001 0.00015

-0.0001 -5E-05 -1 ¢ A
o @
_3 1
4 A
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Fig.11 7L =9 X7 Ovk —acetaldehyde —
3 .
A HEHIZRER? = 0.3525
27 HEBER? = 0.8502
T A
A .
-1E-04 -5E-O5_,§A( \ 5 %0001 0.0
A
@ A
-2 A
3
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Fig.10 7L = X7k —formaldehyde —

002

HE 2HHO
PERECRBITA

BIEOF ML R OWORT, 1HEEBE2BBDS S 74577 Figl3, 42RTHDE,
PURBET 1 EE & 2B H TR E < ZHEA R0 DICE L. RHBEET 51T 5 B0l 25 & - 1= (2 O e
MEAL TN EDR DD, 6> T, WEHIEFEEL O bR EORE LS8R 5
NIRRE LT, BRSO AIREMEAE 2 bb, 72, acetaldehyde DRI b RN 4 |
ASEDLHRERY ZDNRT A= —Th b, AWIIZBT, DR acetaldehyde JLEEA

WICERE TR S, 18- T, BIMRESS acetaldehyde #IE OZHI 3

ATREMEDMER T & 5,
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8.2.2. VOCs [ZDI\T

1[E1H & 2[EHORIEIZEIT S toluene D
ZAb(n=50)iZ 2\ T Fig.15 \Zm1, ko fm &
LTIEMEOREIX 1RA L 26EHCEDLLT.
HHERBEICOW T FRBBNAR 2 5.
T, MABAEERHOINE I DRIEX{T-1-
T AL FOR E — %S D& 5 2 4

151 75
TILORIE. of BRI

.
_—

(Wilcoxon

a=0.05)%1Fol- L =5,
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FEMESE 035 CTHIE L3769, M REEE 0001 THEZEA Y &7 -7 (Tablet),

ethylbenzene O 25K IC > T Fig.16 127”4, toluene & kR, ko fdiin & L CldMEED
MmEsE 1 [mE E 2B CEDL T, FHFEREREICOW T FAAHAN RS, £2 T, Hithy
Table6 VOCs M#istRIT#ER

FEHRHE (R 347

001

158 002 045

b EDMLLIZES<

HEENH DM E D DREEIT - -(Wilcoxon FF S{TNBMLFURE  xHED&HD 2 Y TILVORIE.
a=005)%1{To- L 2 A, HBEIIEEMRE0.16 THE L IR LT, HRIETHIZ 0002 THE

FERY Ligods,

m,p-ylene D FEZE(LIZ OV T Fig 17 IZR T,

T OWVE b toluene, ethylbenzene & [RIER{E HiE R
HOLBEMEBTAERAIATEND, £ I T,

HHMEEERH AW E I DREEITo -

(Wilcoxon S fHNERLFIRRE — et b D & 5 2 %
FILOWE. a=0.05)%1Tolc& 2 A, RO
HEMFRIT0091 THELIIROT, HHRIERE
130,045 THEERY Lz ol, REKHOHEH

LT
TR B - o
BAMBREN TR
R BB L 7

40 ,
— ///
m
m 30 /'/
o
5% /
S E /
5 9% /
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- R
-04 -5E-0% 5 Os 25E-05 0.0001 0.0

& HEBR®=0221

154RI2TBR = 0.0205
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(

Fig.19 7L =
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002
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i
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RENRFTFOND, £ T, B toluene BEIZDOWT, FEIZIBED TN TWVDLNE D
SHRMT 21T > 12, I L 7= 013 Wilcoxon S HEMFIRE CTH 5, FEHR % Table7 IR, fHH
BRBORMEECEERIETIIR O -T2, 65T, BIMNRE O toluene &5 % I
WICKEREBLEZ 1 L1302, REBEEARML Tz E LT, REICR AR
LTWADT, MEEOEMU EICBRBODREH ST LB LND,
£ T. toluene, ethybenzene, m,p-xylene {Z- D\ T, MK &SN LI Z
TRENMEHENTWD EEZILND,

~-7J5. toluene. ethylbenzene, m,p-xylene DIRMEKIFIEE | Fig17~19{m7d, Ll wih
OWHE G FE A WD EAR L 35 WEEFEER O 7, 2T,
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tduene"??j%g;’ toluene-fﬁﬁ}gj?g; ethyibenzenrﬁlﬁgﬁg' ethylbcnzene‘#ﬁéﬂ}ﬁ;‘fgg xy?ene‘ﬁﬁ-ﬁ‘gjggn xylene;ﬂiﬁiEi?f;]‘
HAEBHE GEAD 272 185 033 830 178 148
b EDOMRGIZE S
toluene, ethylbenzene, m,p-xylene 2NN TIHH WL~V THRIBFENTWS Z &
40 X 250 |
m e m //
@l 30 // @l 200 //A
o ™ ® A e 8§ ye
5 E & § g 150 J
5 920 a” s g 3 o8
=, o 3 s
5 = AT = = 100
c ~/ c 2
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5 A s 50 %
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(ayEBE TR (b)) BEER

Fig.21 p-dichrolobenzene EBEZ{t

C EIEA BN B TEET D 2 LM HIRIEOEBMAENIRE IEF L
REL VWS ERFERE LTETLND,

Wiz, BimFcEA &5 p-dichlorobenzene (2 DWW T TH DA, Fig2l #R 5 L. AR RE
DIEFTIR NN ERb) D, et (Wilcoxon 7 5 HIEL Fukk &) 21T > &k &
Table8 |Z/RT A, SIREFOFEMEIL 0214, HHRILTIHT 0982 L7220 HEEIR OGN
Sz, ZOEREE LT, p-dichlorobenzene & 4K T X 5 7= HIZiXBA h A OBRE D B b 2 RAY
THM., KFAEIZBVT p-dichlorobenzene DIRFENRH A K7 A &8l L2k BRES
HULFENRIRNE I SN AREMER B 2 b, Fio. EROBRBH o 2RI & LT,
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Table8 p-dichlorobenzene TR EE R

BEHE"
p-dichlorobenzene-xt BB B | p-dichlorobenzene—{5 18 T Bf -
Z -1.2442 -.023b
WhERREE (M) 214 982

a. BOIEGIIZESL
b. IEDIELIIZE S
c. Wilcoxon DFSHHEIEHIRE

G A SN TV BOIEEEDTAT. 7u—Fy M Tho . ERMERTTCh 2 e

VORI B > T (FENFIE L2 Z PR N S I

LR BB, | R SEBR? = 0.1776
Wiz, BEEO 1 ER RO 2EEO 1.5 . RRRRBR’ = 07585

PIERE R A HIED & B Y > T LTl o " |

<, MSELTEY T NEEZ, BRER Q , X

{T-7=, M L7=®DI% Mann-Whitney @ -1E-04 -5E-090.5°9 E-05 0.0001 0.0002

D URET =005 & L7, TDORRE, = 5 -4 AN\

%t BREE O formaldehyde O B RIX A

0.579. acetaldehyde 7% 0.125, toluene 23

730311, ethylbenzene 7% 0.390, -3:5

xylene 7% 0.418, p-dichlorobenzene %% (UT1)-(1/72)

0545 Lo THEY ., WITNLBED Fig.22 7L =" X Fa-yk—p-dichlorobenzene —

BRI R 622w, . [EHRIEREE

O formaldehyde DA EHEF 1 0.245, acetaldehyde 73 0.719. toluene %% 0.011, ethylbenzene %3
0.021. xylene % 0.176, p-dichlorobenzene 725 0.913 £ 720 . XG0 H 5 2 Yo TV ORERE
toluene, ethylbenzene IZHEEMNR LN,

Wiz, 1 [EE ORIEIZES W TREF A B> L EBIZOWTIR~S, 1 BIHOFEICIL VT,
formaldehyde 7% 3 $F. acetaldehyde 7% S #FO{EEIZBWVT, FHEN B £/ C T, A K714~
Z s U7z, formaldehyde WA A RTA U E2BEALEIEFHOS L 1EHIMMBETHY, 2EBD
PIERFREIX ER L, AR L2l TH, RECE TR O RN, RE L
%@E@&Lf@ﬁﬁ@k%ﬁiémﬁ%mﬁm QERBFMMNEN, ) 28085 TF6NR5

CRENRTA R TA L EBR L 2FHOREENPOCTRLRMEELTELT, KB ML
FTCULMERLTWRWRIR TH -T2, - T, ZO L I ICHEERFAEWVEEEOEEIZAL
T, RIEEROBATRR /2 E OIS B T & 5 a[REMEA IR S iz,

F 7=, acetaldehyde IRENH A RTA & L2 SEHO O H RSB THY | RET L

HLTW, 2o 48F0 55 2EBIZERENMEE L, A K74 % Flalo{FEI3 1

W EY, FOMOIFFIZIELTIIERLTCLE-T, BEMAEFHLCLESEEEDY L, b
&<&%1Mu@%%mwMﬁ%w%hfﬁw T A= ML o TER L7 BB RS 18
MR &END 2 L, JEEEOEBTTT BRI S S Ze o T B ) T

66



Chapter8 Changes in IAQ

LiZ7¢ b, acetaldehyde 1, 72— O EICEY . HOEIY OEFEHBRELD I
YT HMETHHI2H, 5 LIRERP IR EEMNS & LRID AR Z »7eb D EE 25
n5, LiL, BLEMETIT acetaldehyde DS, BILLIA O L. 7V a3 — ARG S O R
R EDBNBE~OESEE T TE 6, RAICENEIRORE &K OIS RKE %
B S LTV Z 22 L Y acetaldehyde O @i FEWR 5 & [ < To O DR, MO Z IR
WXt LTIT ) Z &N ETH S,

8.3. £&¥

FEPULEE R OBRRICET AR A BEESRMT S Z LIcL o T, EEOBRKEITHEM
FTAMEAN DD ENW SN E I otz, FLTEODEIT I EMSHZ VK 30m 5 THD, Zh
. 6 BOEWEBETHIUL 1S B/ OBMREOHYETHILDOTH D, £z, BEEOHR(ERRT)
1TH1E., BESCHAROPEL T 5 EHEICHRZE LN TRV OO, FHRIERIC
L OEMAITMERA~DHFESRE O REVWIEbHLMNERST,

ENBREICET AR ROBASEEEOBRITEMAERMIE L2 L Lo THRAEN EATD
AN H D ZENbholtoh, ZOBRKEEMI L > TENEFWERENSEB L THENE
AMOFE T o 75 5B, RECEROME L E % 5115 toluene, ethylbenzene, xylene (Z-D
WCHABICBREMERL TWA Z Edbhol, —7F, formaldehyde I DWW Tik, BELF
WL DMBBOEIC LV EELRBEKBIIRON2hofch, HBELORENEREICESA L
TWIZHE b 63, FHRIETHOBEN EHTHZ i3/ o7-, —F. acetaldehyde ##
FEIZOWTIEEeEofEm e LTHBICEFBIEBS & d 2 &322 BLEmiIRon g,
IR TE L2 W B EE B D acetaldehyde JEIRASTEIE L CW D AIREMEAS RIB ST,

ZDX T, BWHOHBIRRERD Y — 2 OEV, BERNOSUGMI L » THIEENET S
LT BENCIRENKRT AWE. L WWEIL ST, BRI, BEBTA FI A4 28k
FTBZENEL, MROEENRRZIZL oo VR =VEICBE LT, 5% L2005 SN 24
BEThbHEZEIZDND,
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FOEFE &

BILFWETE YRR ENT R E BB L 72 - TLSE, LW RIE HEOMRE. (L¥WE
DENICEI BRUCHEOREIA, 24 BERIR O A2 ERtEd b s & dkio, BIAERIC L 55
HEEICE “)‘5{[:’5}1’34@@5?%)}??3' EDFBE, £z, BEPELEWEIEM~ v a o EMBET L,
BERNRFEOWEICHGT 2HLbEE Y 2 RE TV D, ENEBEOFRIIEANIIIBETEOAS
75)44%9:&0'(( HEEZLND, £LT, 9 LIZBREICET 2 EHROBTRNEBRBE DL
DRBBH I ENALNERIUE, A%IET ) LIZBREHIE 2 BRESER K kD 1 oL U THEE
LTWS ZEBREE LY, LaL, BREMEDOFMOMBIIHE LTI E THHENRTHhR TV
RN, AT, BEFICHT AENEREICHET A EROBRBBEEZEOER - 178 - 105
DB ERHLNMIL, DDEROBRERETRFEEZRNT L, &L, BRORETTRL,
EPULFWEHROMEL LTO “BR” 2R T5Z LI VENEREN CORERETE
LHERIETHZ L EZARE L,

1) 74— F&HWCERNREFMATEOEANZESE K CEH - {TERHE

2) ENEREE (FHER) 2hROBKGE
ZiTolc, £TORER, BEATEIZEIT 2 HEROBRK UMK OEMBEFEE OBRSITENCREHOD
T, EBRICHREEBEZHMES T HFENBL Z ERbhol, 120, BESHER YOL&MEFICL
STEDHRIZIETLTCLED ZEbRICHA LN E 2o Te, BIEEIT-ZERNLEHEIZ OV
Tl toluene, ethylbenzene, xylene IZ DUV TIEHEFHFIC G HEBICERENMEK L7, LovL, #
REFERE, BB, ERNOBER LOZERAHIRG., MBEDOELR EIC X > TERBB R L2 0
WHEHFEELE, BEXPRD N> WE D 5 B, acetaldehyde (DWW T, BNEBEOHE
WEPMOME LD bEWIZHEL L TENICHBIRS ZHEET H 2 EMNERE RN TV,

Z @ acetaldehyde DEEUR & U CEIT HN D DOIF, FB{EEICHEIFEEH E L TIRR L TV D8
LRI 22 EOHBER B DO, TOMIZHHOLTHMOT O BIER L TV D7V a— L RO
RO LTWARMRETHD, F£7-. acetaldehyde (TKEHF TTANUEHE AV Vv, BHABRD
BRMZ XV AERRT A2 ERMON TV A M, ABFFEIZI5V Tl acetaldehyde DR/ FEDBEE O
MRICBTDRGBEOL VL VEVEEZRLTW2Z b, A%IIZORRAZ2MHT 5L
ERHDHEEZ D,

FENRBEIIZ ORT A—F =B ZT, KT 5, SEIES0FFOXEEZNRICAES
fTo7ed, EFEOFHIIELRALLDIIHFELRY, ZDI2h, BEDUEDDNRT A—F—%
BOE TR 21T 5T SOFFDOY A TIERY 3. e ZAE TR 2179 Z LI TE
minofe, LhL, FARPTHHERIRERODREHLBEMONIT LI ENTERLI &I,
RESCKER EBEEBSTIIa L ba—LTERW, BORENORE LT A—F =T
THERTRODENEBILTEDALSAVDORFThH- I L Z2E®RTLEZ L LN,

Fo, HEREFEFOEE~EWTORESZE U T, FBEFOSMEEL USRI HEmI L -
TIRE AR T 5 L TOMBS AT 2N TR, TART, RLEETHS L EKT D
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CEEEN BT B Z E BB WEEICEIT HENE f‘%’i/%ifbfébé@ [EEOEWEST
WZRBWTIE, BPBRDHAAD XV IZTHZ &Iz ‘Oﬂ:’ WV IIIER IZmu L Lich b L
Wz hH, FLT, BEEDRETHOEFKTHDL O, 1TEAEBRIIITOR, -, 2 -
A THNIMERGELZERA L TLE S 8, iﬁ‘i’@“ﬁf& FiThbhigwn, 1o LThit
FBETOENMICREONETHA S, Fi, ~~mmﬁ&%%®%%Hﬁ%*ﬁ#6@ﬁ'
bHrLEZOND, TOH, SEIOL I, BEOHRIREA DB UTHREBIT I
VAR D BRBEDUGEITEE LV, ERRIZ, ﬁ%ﬁé‘.f‘%B@@ﬁif& 1N formaldehyde?ffi‘%ﬁx;ﬁx'
4%74/%ﬁm_ﬁﬁbfwém\%@5%zﬁiwwgﬁifﬁﬁﬁﬁﬁkwéﬁ%fﬁn\
RERBEMITIZLOEHR L2 b0, HEL L TREOHEIT L IN TV RS20 I OR
BRTH D, Frlo, MEdR,S EICBMCF B Th 5 formaldehyde <CHHIR O K5 iE 13 R 8 7
acetaldehyde FIZREDH A FT A4 VHBBAR OGN TEH . £ ORE S TR E 25T TORWR
D THEAR RN BISIEE BT, SHICERTRIRLMGTERWERA L, 2O LEEE
IEMOMRBVBETHHEEZELZLND, FO—FlE LT, AHIFIZIEF v F o 0%mmfis &0
BEEEE L TBL EWVWIRAMMBEANET NS, ARETHE., EREEREBRORFEE LT

MR AHERE L TWEN, BROFECHOWTIIFIC SN TV, ERIERODNEEL LY &
FAHEDIZE, 25 LERFMMRORRLLETH DL ENERMTE 5, 2005 FHRIE, Bk
FAZBW T 24 BRI R O B BB T b, R L TWRWEILFEET 5,
Fo. BFEOEEICBW TUIBBIBRSERHE S OV TWRWEZER ETIREENLETH S,

BETOREFEROPTEEEN R LRIC/R >/-HEA THh 5 acetaldehyde DIEEIF & LT, #
EAI, BIEANCMA TRIEEZIRR L TWD, BEZTORISOF THRIIZ 720N, SKBO X 5
72— RACFEWE H Y L 1T ERRICR A BITAIC L > THA R4 VICEDTHAHLEWENFAE
THEWV)BICHEEICELEF -T2 Thd, SERAEEZTSEEORIZHLMANLDRE
FEENLBREEMEICKT 2MWEbERH o7, ZOX I, (LFEWEHPERIZESL T
5%@?&5&w"k%%&%aﬁﬁ%ﬁ%ﬁofﬁéw%5wmﬂ%5&f5&w5%%%
ED E VD BIZBWT, RENEICIIEFICE®RNIH D EEXOLND,

ik\ﬁ%ﬁk%wfiiﬁC%ﬁ@@@ﬁ%:ﬁm%%%&%ﬁb CO, 1 DIEE) % I E
LTW5b, ENCOREIX., ABMOMIOLHHEND COICX > TIHEFICEREL 0D, K
KO CO, BT 380 ppm Hilf: THH A, BIEFVBERNICA-TL 5 L EOPREIL 1000 ppm 2
t, 2000 ppm IZ HET D, - T, WK X FCEBICMET A2 &0 TE, BV 7%
A ATTF—EAERBIENTEAHCOLDEE=F—HIFEICEETH LI, BENERYE
WEDRED S HAREMELH S,

—J5. BRLFEWEBEROSER E U THRGER L TUIWD 500, &7 L HIRKA1T O F0
Bl b clidiwy, BAZEGMERLTWAHRELH LML THD, MBI ONRIREDTE
BTHDH, ZOBIIEEZITIICEL L) FRWERTIES DN, BB A>T 5O TR

BRIV EWIEELZNTHA D, Fio. B CIIERIEHmIFICRR 2T ZE3EEL
<A, ZOLRRROEE, TFEERTRAEZLDHDTLE ), TR, EDLHiZLib
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GG A o RIZBEIT s, HBEHRREN G ENL DM, Ensl-Z b A EHLEZ T 5 - LA
BEHIZEFVETHDIEEZOND,

AWFFEIZ BT, £ 0 LVERBEE FIE K QSEEE ~ O R FEER T 5 12D ORiELps
ELT, EF. HRORTREZOLOEBENERAOLFEIZENDLNE ) DOFMi% A vy k
HHZAT o7, ZHUSE D, BEENENRELZ MDD Z LI L ARENEO YL HMT 5 =
MT&E T, St%kiE, BREEMEDOHELES, BIHEFWEGRMBOBE 2 ED T Z Ltk
LY REY AT BTG HER L TS BER D D,
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#Liz, #2C. ZOMETHLNIEE 100 e

HE|\ZBH CO, P 450 ppm IZFRE L7, 0

Lo M BIzE B IS & > TR K SEEE S LS
XRENECBTREMLHZOT, Lok SV PSS IFIFTFTEET TP

FE D EIE 4T 5 I IEE NS O FIRRIE Fig2 B RE#D
MEELWNEBZDND,

23.COEHERVKEIFKEEIZONT

BEABF— AT O CO, DI EITH MM L > TE DS, Lol #ERD CO, M &
IIFIE—FEThHDEEX DI ENHKSD, Table2 |E. SHEICHERAT AL EEMETHHLL
LOTHD, O, EHNAE AN BN, KRN 21 EOFT TR LR L TWHEEOR
3%2%%&%Wﬁﬁ%%@ﬁ%@%%toti*wﬁwﬁﬁﬁmMRﬁkﬂ%ﬁé%@%%w
THEHENTWAGEE D, 22 TR —R#RIT, FEEITOVT Table2 85 L LTHRIE
A, HTRBTL0 DL 80%. WEEIZRKAD 40%-~70%. ¥ 50% & LCEHET 5™, A
LHAERICB U b RAEIC Table3 i & V=1,

CO,HEH & = {6O(RM§ hl 1'2)}x 0.95 [I/h]-+(1)



Table2 MABF—AH-YD CO, iR
IRLF— fEREE CO2 FEH & EHRAM TR
M (m3/hr) (m3/hr)
0 PLBEEY 0.011 0.01
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Pilot study on VOCs during indoor renovation

Miki Jona™*, Kazukiyo Kumagai®, Naohide Shinohara®, Minoru Fujii®, Akihiko lio®, Yukio
Yanagisawa®

*Japan Women's University, Japan, *University of Tokyo, Japan

ABSTRACT

The concentrations of volatile organic compounds (VOCs) were measured during
renovation of a residence. In order to determine the relationship between indoor
concentration and the phase of the renovation process, samplings of indoor concentrations
and personal exposures were divided into 19 and 8 periods, respectively. VOCs were
sampled by active charcoal and analyzed using GC-MS. Carbonyl compounds were
sampled by 2,4-dinitrophenylhydrazine (DNPH) cartridges and analyzed using HPLC. It
was revealed that the most causal process influencing the personal exposure during
renovation was painting. The renovation in this study was conducted to reduce
formaldehyde. Use of a material with less formaldehyde content was to effective for the
reduction of formaldehyde concentration during renovation.

INDEX TERMS
Renovation; Personal exposure; VOCs; Carbonyl compounds

INTRODUCTION

Although many field studies have been done on the concentration of indoor volatile
organic compounds (VOCs) in Japan, most of these studies focused on indoor residential
environment after construction. There are few studies, however, on indoor VOC
concentrations during renovation. In the course of renovation, the occupants continue to live
in the residence where half-dry paints or adhesive materials release organic solvents and, as
a result, VOC concentrations may become considerably high. The purpose of this study was
to determine the personal exposure to VOCs including carbonyl compounds emitted from
building materials, paints and so on during renovation.

METHODS
The residence of renovation was a two-floor wooden house built 22 years ago
(Architectural area, 140.4 m?, 1F: 84.9 m?, 2F: 55.5 m?). Most of the renovation was

“Corresponding author.



conducted in the living room. During the renovation, the front and kitchen doors were kept
open.

Standardized material with formaldehyde emission less than 0.5 mg/L was used as
flooring. ‘Non formaldehyde bond’ was used to cover the wall with wallpaper. The paint
used was left out of the consideration to reduce chemical compounds. The items measured
were as follows:

e Personal exposure [Subjects A, B, C, D (Subject D is the carpenter)]

Subject A stayed in the 1st floor for most of the time

Subject B stayed in the Ist floor during the daytime and 2nd floor during the night.

Subject C stayed in the 2nd floor for most of the time.

Subject D stayed in the 1st floor for most of the time.

e Indoor air concentration [Living Room, Japanese-style Room, Bed Room (upstairs)]
e Qutdoor air concentration
e Temperature and humidity.

SAMPLING

The concentrations of VOCs were measured by an active sampling method and
were sampled for some periods of 24 days of renovation using charcoal tubes (SIBATA
Kagaku, Japan) at a flow rate of 750 ml/min. Sampling was done separately during the
daytime when the renovation was taken place and the night time when the carpenter left and
the openings were closed. A passive sampling to measure the 1 week average concentration
was carried out for every week until the 47th day from starting the renovation using Passive
gas tubes (SIBATA Kagaku, Japan). Personal exposure was measured by passive sampling
with the passive gas tubes every week (Tablel).

The concentration of carbonyl compounds was measured by an active sampling
and a passive sampling using 2,4-dinitrophenylhydrazine (DNPH) cartridges (Xposure,
Waters Ltd, USA). The sampling period was the same as that for the VOCs. The flow rate
was set at 100 ml/min. Personal exposure was measured by passive sampling using DNPH
cartridges for every week.

ANALYSIS

VOCs were ultrasonically-extracted from the sampler by agitating for 10 min in
I ml carbon disulfide (Wako Pure Chemicals Co.Ltd, Japan). Determination of the VOCs
was conducted by gas chromatography/mass spectrometry (GC-MS, 6890-5973, Agilent
Technologies, USA) (Table2).

The DNPH caﬁridge was eluted with 10 ml of HPLC-grade acetonitrile (Wako
Pure Chemicals Co.Ltd, Japan), and 20 pul aliquots were injected into a High Performance
Liquid Chromatograph (Hewlett-Packard 1100, U.S.A.) (Table3).



Tablel Sampling schedule

personal exposure indoor and outdoor concentration method renovation
before }2002/10/21-10/23} before 2002/10/21day-10/23day | Active jcarry the building material in
1st-D* | 2002/10/ 25day-10/26night | Active | plywood(ceil, floor), shelf
1st~week } 2002/10/23-10/28 1st-N**§ 2002/10/26night-10/27day | Active
2nd-D 12002/10/27day-10/27night] Active Jflooring
5th-D | 2002/10/29day-10/29night| Active }plywood (wall),
ond-weekl 2002/10/28-11/5 5th-N | 2002/10/29night-10/30day Active t
8th-D 2002/11/1day-11/1night | Active [kitohen set
8th-N 2002/11/1night-11/2day | Active B
12th-D | 2002/11/5day-11/5night | Active Jpaint
12th-N 2002/11/5night-11/6day | Active
3rd-week ] 2002/11/5-11/11 } 14th-D 2002/11/7day-11/Tnight | Active fcloth
14th-N 2002/11/7night-11/8day | Active
15th-D 2002/11/8day-11/8night | Active Jcloth
18th(after) 2002/11/11-11/13 Active
4th~week ] 2002/11/11-11/18] 20th(after) 2002/11/13-11/14 Active Jpaint
21th(after) 2002/11/14-11/15 Active
5th-week | 2002/11/18-11/26] 25th(after) 2002/11/18-11/26 Passive
6th-week | 2002/11/26-12/3 } 33th(after) 2002/11/26-12/3 Passive
Tth-week | 2002/12/3-12-10 | 40th(after) 2002/12/3-12-10 Passive

*D: for Daytime **N: for Nighttime

Table2 Analytical conditions of GC-MS

Instrument Condition

Column HP5-MS capillary column 30 m x 0.25 mm (0.25 um)
Carrier gas He

Flow rate 1 ml/min

Injection volume 1l

Split ratio 10:1

Injector temperature 250 °C

Column temperature

40 °C (4 min) - (10 °C /min) - 280 °C.

Table3 Analytical conditions of HPLC

Instrument Condition

Column ZORBAX Eclipse XDB-C18 4.6mm * 250mm (5 mm)
Mobile phase CH3CN : H20 =65 : 35 (v/v)

Flow rate Iml/min

Injection volume 20 ml

Column temperature 35 °C

Detector

Diode Array Detector (DAD) 365nm




RESULTS AND DISCUSSION

VOCs

Figurel shows the variation of toluene concentration. Toluene concentration rose
during painting. Moreover, the concentration of ethylacetate, m,p-xylene and so on. showed
a similar tendency. Therefore, the source of elevation of the concentration of those

compounds was assumed to be the paint but it was temporally elevated and decayed during

the daytime.

Figure2 shows the personal exposure variation of toluene. For subjects A and B,

ersonal exposure is over 1000 pg/m’ (toluene concentration guideline in Japan is
p p Hg g P

280 pg/m’) during the paint.

12000

10000

8000

6000

concentration
[ug/m]

4000

2000

B living room

M japanese room
B bed roon
- O outdoor
§ 2T § 9T 9% © 27 3 3 3 3 3 3
S 8% T 55 55 S5 5§88 £ 5 &§ 5§ 5§ $
z - o~ w oo @ © - w o « o . w ] =3
- - - ~ ~ ~ - -

sampling period

Figurel The variation of indoor air concentration—toluene.
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Carbonyl Compounds

Figure3 shows the variation of acetaldehyde concentration. The concentration of
acetaldehyde in the living room, Japanese room and bed room exceeded the guidelines for
Japan (48 ug/m’) after the renovation. There was no remarkable change of temperature and
humidity so this elevation was responsible for the ventilation rate. The highest
concentration was observed on the 20-21 day. The formaldehyde concentration did not
exceed the Japanese guidelines during the sampling period.

Furthermore, formaldehyde and acetaldehyde concentrations in the bedroom on the
2nd floor were higher than those in the living room, so there was a possibility of another
source besides the renovation in the bedroom. There was a correlation between
acetaldehyde concentrations in the living room and acetaldehyde concentrations in the
Japanese room, so it is postulated that in these rooms was derived from the renovation.

Figure 4 shows the time series of personal exposure of acetaldehyde. Exposure of
subjects A and C to acetaldehyde exceeded the guidelines. Subject C stayed on the 2nd floor
for most of the time. The high concentration in the 2nd floor might cause the high exposure
level observed in subject C. Personal exposure of formaldehyde did not exceed the
guideline (100 pg/m®).

Figure 5 shows the variation of crotonaldehyde concentration. The concentration of
crontonaldehyde increased during the flooring and painting phase.
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Figure3 The variation of indoor air concentration—acetaldehyde.
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CONCLUSION
*  The most probable process influencing personal exposure during renovation was
painting.

*  Personal exposure varied widely among the occupants living in the same residence.

* The concentration did not increase remarkably during the nighttime, when the openings
were closed.

e Use of material with lower formaldehyde content was actually effective for the
reduction of formaldehyde concentration during renovation.
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