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PRFIFCAEE TR FHRBOENE R, AR
F v BRI FOAIE T2 A (T L7,

B a7 AT e FOREREHCHO-2,4-
DNPH % ¥ W & L CH\, HCHO-2,4~-
DNPH 0.0708g% 7 & F =+ Y M L 100
m L, FO5 LD mIEIBLIT7EF=1Y
ACI00ml & LCHBE LG (Uml=5ug A A7
LF e P,

VOC OBIFBRIZX vV, AFNAY TFN
Y, PV, mpF VLY, omF VLY
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TR SIRY, TR A R
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foo T8¥S, RISCHAGBANLT 7 =47 I VER
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R CARL A7 AT e FOBNEENEHE A
M2 HEER R Lz, OB S CHlRE I
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EERPBRECR LTl L BT, JlED
ML IR e 15, SR A MERE L7,

5. DA E

1) HFsra7rFe R

R AT AT e FOSHNL, EEESERE
ATFRITPRE Ul DU Fiom T A2 AV TfT -
o

HEBODNPH Y — P Y » OB T4 b = b
Y A 3 ml CHCHO-2, 4-DNPH # % H &9, 4
PARBBIR E L, & ORBHAIR20 ul % &K
Wik2 =<1+ 29 7 (high performance liquid
chromatograph, HPLC)ICIEA L, S a4T -7,
FALT AT e P, RS L - TRD,

C=W/0.0854/T

C:hra7rsie VEE (ppm)

W BREBRNORDI AL AT AT FVE
(ug)

T : iR (hr)

0.0854 : HAIEH (ug/ppm.hr)

BERL, HCHO-2,4-DNPH B 10, 20,
30, 40, 50 ul % DNPH 7 — b V o Cofsmis, k
&AM LC HPLC #5247\, R A7 L
Fe VEEC-7EBOBEKREY 75 7 UTIER
L7z,

2) VOC

VOC OoH, SEHFIPHERTER N, » 7

R H3E

SERL144FE 3 B 15H

F a2 TENBOWE~ = o 7 AP, BT
WRTHE T o fe, RO~y v 7y v T
7 —HLHEREIR ML, ZHERE I
Mz CERL, B RS S Liea s 2 Rk
BLAELOERBIRE Lic, RBIED 1wl &K
FHA A MR T A 7 v b 75 7 (gas
chromatograph with a flame ionization detector,
FID-GC) EAL, HWEfToh, W, ~
VEYV, AFNAYTFAF Y, by,
m, p~F v VvV, o—F VUV VERBITIT -7,
VOC REE, KA X - TR,
C=W X 1000/K/T
C: VOC & (ppm)
W ER»HRD VOC B (ug)
K HflE# (ug/ppm.min)
NV 0178, AF AV TFAF b
v 10184, A=Y 10180, m, p-F ¥
VY, ooF ¥ LV o0.186
T : {ERE (min)
BERL, BFREORGEERI 1 % FID-
GCIIEAL, VOCE L v — 7 HEEOBEERY /
7 7 LB LT,
3) ik
TEMLER OGN, SEHEBARR TR,
VIF 2= TR I RIE T = 2 T AR
Wy NIRRT HECIT o e i<y v 7
FV T =B 0 Uik ARBRE
A, ZEBEKI10 ml #hnz fctk, 60°C, 104-fEhn
B, BABL<IEELES L, 3,000rpm C5 4
Mg OB Lic, B8 2 ml %20 ml DERBRAE
A, REK6mMI, ANT7 =07 3 VB 1
ml &ML CTRE L, SR CIHHSEKE L, &k
W, F7FAF VYT I VB Llml BN
X TRE&L, BE T304 MKE®, 550 nm TR’
FE 2 AIE L,
TEAMEEEREE, kR ko TR,
C=WXF/18.6/T
C: “EA{LEREE (ppm)
W BRI RO T ILEERE (ug)
F o mRERB0 GRBRIEAS 2 ml D¥A13 5)
18.6 : HAIEH (ug/ppm.hr)
T : FERH (hr)
MBS, WANERT o SRR 0, 2, 4, 8ml
w20 ml DRBE AN, KHAKCT8miE L
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%, LEEFREOBEAT, TR ERRE LR
SEOMHRE 7T 7 LTI L1,

6. oIERHE

1) HPLC

K7 BEE LC-10AD

RS BE SPD-10A

FogkEt - B C-R6A

h T s Bl Shim-pak CLC-ODS 6 mm X
150 mm

BEH: 72 b= b UL K=58:42

V3 1 mi/min

#0360 nm

2) FID-GC

HAZmr= 757 BEE GC14A

iR BE FID

FogkET - BEE C-R4A

55 A DB-1301 (60 mx0.25 mm, 1.0 um)

# 9 ARE 0 60°C (5 min)—10°C/min—280°C

EADRE : 280°C

HEHEAE : A7V b (A7 Y o b1 10)

* 3 Y7~ HA: He

B AR © 280°C

7. AIERBROBEN

B DHOS T 3 M & CR L, BAuxd
Cppm TFEb Lk, ¥, HHER (0.001 ppm)
IO DOWTIL, D 1/2 00,0005 ppm AR
HE it o BB L TR 2T -1, 7o
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O 94 4 w28 H Mk (48FRFRy v 7Y
v 7R E4M) U Uiy TSR,
Zoth, RS 6 B HFEI0ME 2 B (315
EEME L cfidsy [RRRE] &L LT, 2ok
BAR U,

D ZERNEERA

BEEEOMET, S a7 v e FOBNE
Bx 3 IECE ~ 14 (FH42E) HE Lich, 42
mHr34/E (81.0%) (&M @ 11EH, HFF: 100,
@ 13H) CEAKO TENREREE] (30
5 F-I{#EC0.08 ppm) HHEZ T\ o, FEAHCE
Fahra7AFe VIBEE, 28HMEVHEN
HRERE BT RESEILL, ThZhoifE
sl BRI, BREITC10.060 ppm~0.149
ppr, HFTCEL0.059 ppm~0.167 ppm, & TiL
0.072 ppm~0.232 ppm CTH - o, & b B
DKED - TBR T, RAMEERAMEDK 3 5
R LT,

BRFRE ORI, S A7 AT e FORERA
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1.
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HEARFRE (—0—) o LkTie () TR LEEFE, HEEATERTEL,
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b
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BE% 3R CTHK 215 (GHasmE) I Ly,
45[E1H20E (44.4%) (&R : 7 |, &7 @ 7 [H,
e 2 6 ) T MEPREESHE | AR T,
6 A% LUV 8 FoBEMRE L, FHE7EH G
E]) oflEP, EEo 18 (0.058 ppm) FER<
FTUCT [ZEWRERSHE] % EE 5 &\ EE7R
LT\ (0.096 ppm~0.242 ppm), Z O, T
NCOWBOBHEEIFS L, 10AKL02A
WM Ui E 24 O FA L ey TERN R
JEHESHE ] % FE - Ty (0.014 ppm~0.069
ppm),

Dk, ENEEXET»AK BH) £T
[ZNRERSE) # ERISEG V-~ THER L
Tty BRZESHO ALV AT LT & FEEDS
fEE, B, BEERS JOREBEN S OMEN KA
EREREE2 DR TE Y, SEORENRES
TU, A AT AT v FORBED S\ BM SN
IR Tz R X LT,

2)  (HARFRIRE TR

WEREOHIHS, sra7 7 e FOMALR
TRE R, 4EOWMEF2E (14.3%) T [EH
BRSPS | 2 T\, T, MABRZRE
SENBE L FiFe K {EEH L, Lo BhHEH
13.0.011 ppm~0.123 ppm &, AE LR/ ME O
PRS2 R LT,

PIRFRE KM, S a7 T e FO@EA
BRERIRER L, 15l JEF 5[ (33.3%) T =
WEEEHE | 2B T\, 6 FOTETIL 4
&b [EARERSME] & @ER vy~
(0.070 ppm~0.085 ppm) THHK L, 8 Ao
FERICX L OREN EF L, WEETT - 3|
FTRCC [ZRREERIME ¥ EE > T
(0.132 ppm~0.166 ppm), * D, FARFEE
A L, 101 3 L OBIE 2 B S L7z 8 @0
WEc, @REEs TERNEEEEME] % F
=T\ e (0.001 ppm~0.043 ppm),

Pk, MABBRRELSNRE SR, $£7
PABECEWEEZRL, SEIOFENR L -
THEEREORBEST, - OBERLEOF L A
TAFe FRBBEIh Cwicb D sEL vk,
ok, BEIHAHBO 8 B % TlefT - 20EO@A
AT I FE O FH{#13.0.070 £ 0.041 ppm &, R 9
SR ENT IR R BT R 0T - fo 2 E SR
FAE (LT FeEERRE] EBT,) R
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(0.068 +0.039 ppm, n=107, k6 »mALUR®
FEEEO BEZ I OWTEM)Y 2 3IEA LV
SNTH -1,

3) HRBREFE

RBEFHEOHIMP, ~ra7 17 e FOINKE
FE13.0.005 ppm~0.019 ppm &, WELIT - 1-14
E4CC [ERREREHE] & FE- T,
Fi, EREEOHMEb L, AraT AT eV
DM L ND (<0.001 ppm ) ~0.027 ppm
&, BIEZRAT - fc15ml 3~ C el EWRIE R EHE ]
%R E 5 T,

2. RILLTLTE ROEREBE & EARER

E D%

BERAE R s 5 hr a7 A F e FOR
MIRE DL L AARBREOZE/L, LIX L
Mgk A ER BN (M3), WTFhiFRR
BRI D b hvied oo JEE vs, AR ¢
=0.428, P=0.127, n= 14 ; BT vs. ABRE : r
=0.331, P=0.948, n=14 ; @ vs. @AAEE : ¢
=0.366, P=0.199, n=14), #l2 ¥, 4 A19H »
521 B} ik, HMMEOCZENREIEA L
CH b LT, EABRBRELRD Lich T
(M2, 2P TRINBLIELATALF
FENBE & HMARBREV RS AERO—
& L CHRSHIERIN O BENE 2 bhviciw,
EEREIE TR 52 OBRE N, O
KR, 4 A9 B21H GEER) wold <, #
BB \E L 0 b EENTRBHBIS LCvics
ERBBN LT oTz, L Lisds SRR IR
i UCOgTCL, EARBERE & EENWE
Rl oM BB IR RD b it o (¢
=0.425, P=0.949, n=14), ZOE R, [4£H
SHEEPE | DR (r=0.089, P=0.122, n=305)
=T HLDTH LY, ok, 43D
7 HZhwd Tk, T OB ORI 2%
 BE Licor by (150,183 ppm), AABRR
RED ENRERSME] 282 58\ fE
(0.123 ppm) %R L, EABREREVSEARED
WBAMM T O D LR TRBT 508D 5
e (K2),

FERFRFRE 1k, BB ERINCTT » 1§
BORE S EABRZERE & Oy HERRS S
Nl -720% (r=0.389, P=0.216, n=15), /&
it LORATORE & MARBRE - Oz s
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3 A aTrF e FOBNRE - EARERE OB

BHORVATVFE FBES BREOFIVAT T RBEE BRORNVAT IV RigES
EARBIRE OBR EARBREOMR EARBBEOBR
ppm ppm ppm
02 y= -3.1807e-3 + 0.63492x 02 = 9.1646¢-3 + 0.48304x 02 ¥ = 4.0000¢-2 + 0.14913x
r=0702 r=0711 1=0.236
L] A
. A
N
Y
X
A A A
A A
4a A A
at *
Y A
AA A
0.1 0.2 03
. ppm
EroRE BRORE WROEE
4 Biosra7A7e FEESER, HEXNRE L OBR
ppm T %
02 " T 30 80
‘; H : —a— TAT T REE
HV BT W5 K OBAIBIERSE (0.08 ppr) : 5 (o R
) V| —A— st | 28
1 (] T L 70
: ‘ i
* ; .
i ;
)X L } 26
] 1
4 : ' = [0
W : o
7 o1 : P w R
E )
. fiatiatied R o =
k- | | h H [.22
-3 ; i ) :
: ; ) i
1 ' : : | 40
] : ; |20
i : i :
' ; ' :
; ; : ,
, i ; ;
0.0 — — — - ——— S 8 L30
3oL is is o P2
T 3 5 7 9 o1 1315 17 19 ﬂuzs!ﬁﬂzs 27! u 13;622 u 26131 2 4 6
4‘sssssssssssxs:sss‘.sss:ssss:z‘ﬂss
1 3 5 7 9 tf 13 15 17 19 21 23 2§ 27:23 25 29:11 13 l5:22 24 26 28:{ 4 6 B
R) (R () U 6K (@) (B) (0 GR) () (1) GR) (@) (B (DGR (@) (B U U1 (&) 1K) (&) (8) (X! (1) 0O (@) (B)
< HEEE > < BRI >

B EOHBENRED bhvie (EH vs. HARE :
r=0.858, P<0.001, n=15 ; & vs. HAMRE : ¢
=0.8923, P<0.001, n=15), 7o, FEEFEHHE
& BRI I A A o 7o AR R CLR Ry
RFAE L Ak, BEORE LPABRBRE LD
BT BRI ER S B v hs o 7o’ (£=0.236, P=
0.218, n=29), BB LCBFIOBE - @ AR
BRE L o AR RIEOHBE (B vs. @A
EFR : r=0.702, P<0.001,n=29 ; B vs. A
BRFE  r=0.711, P<0.001, n=29)2’ZD b1,

3. RILALTILFE FOEREBECHT DR
- BEOHE

et i STy S 1] (e Y R A N g Pl
FIEE DL EBEE X OCHENBE O, L
ELEREET 2 BER A bR (K4, Thb
OB E TN E 2 A, WTER L AR CHEBIEER
DRI o (BHEIORE vs. Bl r=0.210,
P=0.480, n=14 ; [FE DB vs. HRIBE @ r=
0.411, P=0.148, n=14), BEREOER L r1 27T
AT e FEESHE Lt - R E LT, <
D FRIAR I B 5 BIR OB RIPH 2 3°C LD
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ST &b, BEO ERCHES BMENHO R
AT T e FEREN D, BRREO LR
DERD SN ol b LB EEL Bz, F
BOE2 Anb 4 F &) HpyEHEc Tl
fo [&EFEEFE ) cb, ERNRE LR L O

A BERHBRRD b o1 (0=0.159, P

=0.018, n=220) Z LM EIN 509, &
B O 4 OFER S AR EROEFIIN I o T
ENEORREHER S TG B, —T7, R
LA AT AT e FEEOHB DT, 4
ASH B T7THD LS, HREED LA 3
JERIO R A LT T e VRES ER TS E, IE
OB AR TH b —HCERD B i,
BERFHTRA Tk, BEO AL A7 AT e VRE
& BB X OHRRRE 8RS CEL L EB e T
Lz, T, 2o FREIEOMHBNR
Db ic (BHEOBE vs. 8BIR : r=0.859, P<
0.001,n=15; FRIOBRE vs HFBE : r=
0.915, P<0.001, n=15), BH L DD AL AT L
Fe FORBETREESICBES LR L V%
SIeBT END, "RAATAF e FOBNEREL
HRRE RS TOBEOREYZTHEELLRT
W, SEIOFHENS S, [iR, BES LA
FT56 Ab 8 B CEMOARAL AT LT
NI S o & P EERICTER X,
Teks, FEETIAIIM & BRI & Ao
e RE R ST S ERO AL AT LT e P
& 2 ER s L OHMHBE L o, FhFERE
BIREOMHENRED bt (B OBEE vs. iR
r=0.518, P<0.01, n=29 ; B OEE vs. HxTiE
B r=0.693, P<0.001, n=29), R AT LT
b FOEPRRERRE, BEO ER e RS
BT ERRENRK,

4. KLATILFE ROBNEBEICKHT 3K

)7

BOBIMK X 5 MENEN AL AT LT e Vi
W R 8 A N5 b, BEHYHEE O
e, BEORE BRI D 5\ 3HHoY) - 7R
BCRIE®T -7z (M2, 7, 6 AR 4[EfT5
THRAED 5 b, 2ENEERL, 2 BliEfEbY) - e
Lo b, BERBMKUICROEE OFHEIL0.155
+0.02¢ppm &, DY - Tk (0233 £
0.050 ppm) T HAWY 3 EIEERA L\, #
7z, 8 A O -CEDOBE % ERRI i U iehs

FR144F 3 H15H

o T JEEIR L VBT ORES, 6 (0.096 ppm
~0.243 ppm) 5| EHEE [ENEEREME] %
LFEIBEE (0134 ppm~0.242 ppm) %R LT
WeDIH L, 3EELEYHRLCESOEE
v TEARERE BEE cBd Lz Enb
(0.058 ppm~0.097 ppm), ZE AL E M E BRI
ik, FOERIE L L CREDER I FRTHS
ERBLME T,

Fie, JEkR TOCBMOBNERER 8 B ¥ Cik
HIEFIC B - feoest U, BEORNREITA
DEEAC L > T ETT5b 00, &ffé LT
PEREH s ToZ b, FAAT AT e FiRE
o TENRERSHE | » LES S\ EYRTEE
Wik, ORI EOWAED b Tlal, BHEE
FHRDDLHRL DD LD LEE L BTz,

5. VOC b LU B LRRERE

VOC ¥ J O LSRR E O JIE B o k55

BRI F LI, 5, T-NCoHE R TR

HRABERB A vEvE, X
(17.9%) B XOPIZEE (ND~0.002 ppm) &
A& ST AF A Y TF N b Vo,
fEAME & A E0.001 ppm & e T L% 5t
IR T, AP CoORED AL Lz,

bove VBB OWTIL, I HBTHBFE
WIF8H DOEFERE O 24 K E
(0.002 ppm) I LT, 2 C14£5% (0,027 ppm),
B TcefE (0.015ppm), BHFC54% (0.010
ppm) DfEERL T, UL, FEShHA%BO
SERL104F 2 B ik s SR E  (0.003 ppm) & i3iE
M UfE (8% : 0.004 ppm, fER : 0.003 ppm, &
Bt : 0.003 ppm) & F TRA LT\, E72, b+
Lz PSS D VOC 12Tk, 8 3 OFZR K
TTFCRAREIFER CEER L TR D, B4E?Q
Al BT AHECHAR EITRIEOMEA R LT
Wio, VOC B IS 3~4 0 CR e &+
LECOIIMERLH Y, SGEIOHx OFENS D
VOC B RHER & & bl lidd 5
YD EEZ BRI,

TR B FEE O\ T F OB R BB L,
8 B OEMNEEL T OMEEIT & A SIRE &
FEAERIUMEZR LT, —75, 2 Aol
TikJETE (0.023 ppm) & EBFF (0.016 ppm) D
R LRI ZIRE (0.013 ppm) & 3IEH
CEZRLICOR LT, EE0OEE (0.123
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K2 BERMEEREEDS IOTEMELEREE (hRM RAE~TME))
H H A R B H AW g = nH
8 A 3 0.015 0.010 0.027 0.002
W (0.033~0.015)  (0.022~0.007)  (0.032~0.019)  (0.003~0.001)
b=
2 A 4 0.003 0.003 . 0.004 0.003
§§ (0.004~0.002)  (0.004~0.001)  (0.006~0.003)  (0.004~0.002)
#E 8 A 3 0.004 0.003 0.005 0.001
r=1 (0.005~0.003)  (0.005~0.002)  (0.005~0.003)  (0.002~0.001)
t& m, p—:\” v/
1 2H 4 0.006 0.004 0.008 0.003
& (0.007~0.005)  (0.004~0.003)  (0.012~0.005)  (0.003~0.003)
n 8 A 3 0.003 0.002 0.003 0.001
(0.004~0.002)  (0.004~0.002)  (0.004~0.003)  (0.001~0.001)
o—F VYV
2 A 4 0.002 0.002 0.002 0.001
(0.002~0.002)  (0.002~0.001)  (0.003~0.002)  (0.001~0.001)
8 A 3 ( 0.004 y 0.005 y 0.005 y 0.009 )
0.007~0.003 0.005~0.003 0.006~0.002 0.009~0.035
ML ESR
2 A 4 0.023 0.016 0.123

(0.027~0.015)

0.013
(0.022~0.012)  (0.141~0.093)  (0.025~0.006)

ppm) XS RIRE DOFYI06E &\ S I ER R L,
KEGPOBRBEREECH 5006 ppm 2 T
T2 TORKNE LT BMEEROE SRR &
Sh T AHEBEREREOHEHANE 2 bhicic
¥, FOMHRIATEI, TORE, BE T
GiERe —2— (7, ve—x—) #FEHLT
Wi EXH BN ET D, BRIR BRI KT
L o v a iy, Bk ERLOHH
CXBbDEEL LR, Bie, AmBRe -
2 1%, OB BIEE B B T E R Y
DFREENE L, THLEROBNREYED S
KRERKERTHD LEOWMEDRLINTCNDHZ &
51, Fo@RChHi - UK +08ET 5
BB D EE L b, o, BETEREEEG
HSRoAmERe -4 - FRH Lz &,
T, A CHERREEZFEHR L TV -7t
b, Thb 2B CIAKIERE &R URE
DIENETH »12d D EE 2 B,

V¥ B

L, PR 9E 1 Al T U mA RS 1
P bhl AT AT e FOREN - JMGIEE,
BIOEABRBREERE, 7o OwERMARL
Et L0 FRERE BT 3 0 H s
S BMEE Lic, £ORBE, E7rA%EC
WA AT AT e FOBREEITEEE R LI

MR PIIREEFESHE | (0.08 ppm) & L[EI % B> b~
LTHERB LT, Sbic, MARRERE LS
MABECEWERRL, SEOFESSRE -
eSO REEY, COMBEEDO LAY
AFe FRBBIhCWictEL bhie, £70,
EREOBEN AN LT AT e FRE OHE R
B IO R L ED 5 fodic ik, WKL ED
FERO—DTHHZ ENFER I NI, —7, %
R ER R H A L LW BE o ZiRMEE
FRBIAKPORELEY L 55\ EE R L
TWize LIRS TEHEIL, mAATAT e FE
{L24 B OBEEL D e M OF S, B
B OFEiR X OB FHREOHAhEE Y
E 3 TR O i =B NZ2RIGGAL W E B D
BELDIILETHD EE 2 Bk,
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VARIATION IN INDOOR AIR POLLUTANT CONCENTRATIONS
WITH TIME IN A NEWLY CONSTRUCTED PRIVATE HOUSE

Tamae MINAMI*, Hiroshi MATSUMOTO*, Fumio KONDO*, Seiji YAMADA¥,
Toshiro MATSUMURAZ*, Masanori ANDO%**, and Yutaka MIYAZAKI*

Key words : Indoor air, Formaldehyde, Volatile organic compounds, Nitrogen dioxide

An indoor air quality research project was conducted in a new private house built in January 1997
to investigate time course changes in formaldehyde concentrations during an 11-month period from April
1997 to February 1998. Indoor and outdoor concentrations of volatile organic compounds (VOGs) and
nitrogen dioxide were also measured in August 1997 and February 1998.

Indoor formaldehyde concentrations were measured 14 times (48 hrs sampling for each measure-
ment) for 28 aays in the living room, a bedroom and the kitchen in April *97. The concentrations exceeded
the Japanese Government’s guideline value of 0.08 ppm in 34 of the 42 (81.0%). Day to day variation in
the formaldehyde concentration was found to be substantial, the range being between 0.073 and 0.232 ppm
for the bedroom, for example. In June and August '97, values for 20 of 21 measurements exceeded the
guideline, the results suggesting that indoor formaldehyde concentrations remain high until 7 months after
the completion of construction. There were positive correlations between the formaldehyde concentrations
in the living room and the kitchen and personal exposure levels to formaldehyde, the result indicating a
direct influence of the home environment. The formaldehyde concentration in the living room also exhibit-
ed a positive correlation with the room temperature. Natural ventilation by opening windows was found to
be effective for decreasing the concentration of formaldehyde in the indoor air. Indoor VOC concentrations
decreased rapidly after the completion of construction except for that of toluene, which was higher than the
outdoor concentration even after 7 months. Indoor concentrations of all of the VOCs were, however, found
to be almost the same as those outdoor at the 13 month time point. Indoor nitrogen dioxide concentrations
measured in the bedroom in winter (February '98) exceeded the Environmental Air Quality Standard in
Japan, this result being considered due to use of an oil fan heater.

These data suggest that personal exposure levels to formaldehyde and nitrogen dioxide are high in
newly constructed private homes in Japan. In order to avoid prolonged exposure to high concentrations of
indoor air pollutants, it is considered very important to take measures such as of use building materials with

low formaldehyde emissions and to discontinue the use of oil fan heaters.

* Aichi Prefectural Institute of Public Health
2* National Institute of Health Sciences
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