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Scheme 2. Reaction of acid gases with triethanolamine.
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3NHs + HsPOs — 3NH4 + PO>

Scheme 3. Reaction of ammonia with phosphoric acid.
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Table 1. The concentrations of gasecus compounds in indoor and cutdoor air at 553 houses in all over Japan. (ug/m®)

Winter (n=170/553)

Summer (n=553)

Compound Indoor air Qutdoor air Indoor air Qutdoor air
mean median max. mean median max. mean median max. mean median max.
formaldehyde 15 12 58 1.6 1.5 4.4 31 25 210 4.2 3.8 42
acetaldehyde 29 17 230 1.9 1.7 11 17 12 210 3.2 3.0 17
acetone 18 14 110 5.0 4.6 20 19 13 490 45 3.9 30
acrolein 1.0 0.7 8.5 0.2 0.0 0.7 0.9 0.7 4.8 0.2 0.0 1.4
propanal 2.3 1.7 14 0.2 0.0 6.1 7.0 4.9 38 1.2 1.2 7.9
crotonaldehyae 0.3 0.0 3.1 0.1 0.0 2.2 0.1 0.0 3.8 0.0 0.0 1.6
2-butanone 1.2 0.9 22 0.4 0.0 3.0 1.5 1.1 18 0.6 0.6 4.1
benzaldehyde 0.5 0.0 4.7 0.0 0.0 0.4 1.1 0.8 12 0.1 0.0 2.6
i-valeraldehyde 0.4 0.0 4.2 0.0 0.0 0.0 0.1 0.0 4.6 0.0 0.0 0.8
valeraldehyde 0.7 0.0 11 0.0 0.0 0.5 1.7 1.2 35 0.3 0.0 4.8
o-tolualdehyde 0.7 0.0 10 0.0 0.0 0.0 0.2 0.0 13 0.1 0.0 2.0
m+p-tolualdehyde 0.5 0.0 5.0 0.0 0.0 1.6 1.7 1.5 15 0.9 0.9 7.0
hexanal 3.7 3.1 23 0.0 0.0 2.8 6.2 3.9 110 0.3 0.0 16
2,5-DMBA 0.1 0.0 3.2 0.0 0.0 2.7 25 2.1 18 25 2.2 17
heptanal 0.2 0.0 3.4 0.0 0.0 0.0 0.5 0.0 7.3 0.0 0.0 1.3
octanal 0.4 0.0 5.8 0.0 0.0 0.0 1.4 1.2 13 0.2 0.0 8.0
2-nonenal 0.0 0.0 2.8 0.0 0.0 2.1 0.2 0.0 2.7 0.0 0.0 1.2
nonanal 6.0 5.1 22 1.4 0.7 5.6 11 11 37 5.4 5.5 14
decanal 0.6 0.0 9.5 0.0 0.0 0.0 3.2 3.2 15 0.7 0.0 7.6
hexane 2.7 21 28 1.6 1.6 5.3 3.5 1.6 240 1.6 0.9 72
ethyl acetate ) 2.4 1.2 37 0.5 0.0 8.5 8.6 0.6 620 0.3 0.0 23
trichloromethane 1.0 0.6 16 0.6 0.0 6.7 0.8 0.0 16 0.1 0.0 1.5
1,1,1-trichloroethane 0.1 0.0 3.3 0.0 0.0 0.0 0.2 0.0 40 0.0 0.0 0.5
heptane 3.0 1.3. 40 0.1 0.0 5.3 2.4 0.0 140 0.1 0.0 10
benzene 3.2 2.4 16 2.1 1.9 6.3 1.3 1.0 23 1.0 0.8 10
1,2-dichloroethane, 0.0 0.0 1.3 0.0 0.0 0.0 0.2 0.0 16 0.0 0.0 0.6
trichloroethylene 0.0 0.0 1.9 0.0 0.0 2.4 0.0 0.0 1.9 0.0 0.0 0.9
1,2-dichloropropane 0.0 6.0 0.0 0.0 0.0 0.0 0.0 0.0 2.4 0.0 0.0 0.0
octane 3.3 1.4 79 0.3 0.0 8.1 2.2 0.0 110 0.1 0.0 13
toluene 8.4 7.1 43 3.7 3.0 14 13 6.5 330 7.5 3.9 94
butyl acetate 2.4 1.5 51 0.2 0.0 57 6.4 2.0 410 0.3 0.0 16
tetrachloroethylene 0.5 0.0 45 0.0 0.0 0.0 0.2 0.0 18 0.0 0.0 3.9
nonane 15 25 460 1.5 0.7 42 7.2 0.0 540 0.4 0.0 110
dibromochioromethane 0.1 0.0 4.8 0.0 0.0 0.0 0.1 0.0 6.7 0.0 0.0 1.2
ethylbenzene 4.1 2.8 47 1.9 1.6 23 4.6 2.3 240 1.7 1.5 13
m,p-xylene 7.2 341 160 1.7 1.2 21 6.1 2.9 180 1.9 1.6 45
o-xylene 3.6 1.6 75 0.9 0.8 11 2.7 1.4 77 0.5 0.0 20
a-pinene 6.6 1.6 160 0.1 0.0 1.7 26 2.9 1900 0.6 0.0 17
1,3,5-trimethylbenzene 1.8 0.7 27 0.6 0.4 7.7 1.3 - 0.0 65 0.2 0.0 20
1,2,4-trimethylbenzene 7.5 22 190 1.9 1.1 29 4.3 1.5 210 0.7 0.0 72
d-limonene 34 17 440 0.7 0.0 27 17 7.3 260 0.5 0.0 54
undecane 23 7.1 580 10 4.6 160 20 8.3 750 2.6 0.0 230
1,2,3-trimethylbenzene 2.2 0.8 46 0.8 0.4 8.1 0.9 0.0 64 0.1 0.0 19
p-dichlorobenzene 47 1.2 2100 0.5 0.0 11 100 4.5 13000 4.4 1.6 200
ozone 1.5 1.3 4.7 37 37 100 9.5 6.3 68 32 29 260
acetic acid 100 94 240 37 34 98 110 86 840 34 32 160
formic acid 68 34 420 19 12 88 26 23 100 14 13 51
hydrogen chloride 52 4.5 34 6.7 5.1 54 1.9 1.2 150 1.5 1.2 18
nitrogen dioxide 260 98 1600 30 23 380 13 9.7 99 11 8.9 53
sulfur dioxide 1.8 0.7 21 2.6 1.1 37 0.6 0.6 7.2 1.2 0.7 13
ammonia 17 14 350 59 5.3 21 40 29 1000 11 9.4 130
temperature (°C) 18 18 27 5.1 5.9 18 28 28 35 27 28 31
humidity (%) 48 48 75 59 63 93 63 83 85 73 73 94




BEZIT%OEECHMEL B L2, £F0OKRKED
2100 pg/m3, EZE D RIEIZ4900 pg/mdz i~ LTz,
ENON Y EEL, BTSN D L, &
Z 3.2 ng/m3, EZF1.3 pg/mdx L, £z, B
SR B U REITAZE2.1 png/m3, EZF1.0 pg/ms,
F£1.6 pg/m3E R L, ER21FERERKGLEY
Beof ) o JREKBRY 013 ng/m3 1TIE—H
Lz, RUBVZELTIE, BREBELRBIMNEE
WCHEREZTRDLONR P27,

TV BROF Y VBEIL, 4ZF1.5 pg/md,
BEZ95pg/m3& R L, EFEOF PN MEEVEIC 2
ST, —7F, BHOL Y VBEL, £ZE37 ug/ms,
EZ32 pg/m3z L, EHNLETRD AR
Ste, AV UL, BERKFTEMMMIC IV EEHE
DL INERT D, BREBESBSMEELVIE
BEICENZ E 20, AKRPDRA LT Y VIZ
HBSH R WV E CHMT D Z LRI E NS,

B H R : DSD-TEAZFH WA Z LT, TEk
g%, TEuRiE, HKE, X8, BERE O
THZERARETHo T,

T EEOXRFICRBITARNEBETLHER
270 pg/m3, FHxKMHEIZ1600 pg/m3% R L, EEDHK
46% DIEE CERELELEMF D60 ppb (113 pg/md) %
EEABEREALICR ST, ERTAHA =T
DRI L > TEHREICENRDO LIL, AMH,
HAAN—THEHABNTHEREELZ R LI LD,
BRNOBELEFEIXEICAER, VAR =725
EWNTRBENT, —F, ZB{LEROEFIIBIT
HENESLEIZLS pg/m3z R~ L, B

DSD-TEADBH TIRMEFMIEDOE TCH -T2/, =
DEIRENECZEEDbNS,

EEEAR EEEIRELTIE, TrE=7
OHBHRENTE, TryE=TOATIZRBITOEN
DOIFHIMEIX17 pg/ms, FHAMEIL350 pg/msd, EZHF(T
BT 5BREEEYHEIZ40 pg/ms, &K KMEIT1000
ng/md3z L, EEOFNE, Xy FEHEBLT
WAHEETRENEL RBERARDY, EF, £
ZHRICHEBEELRH LEETIE, R6EEENT
FE LTV,

C2 RBREM
HILRZLIEEY : FALTAFTE RETE B
TIAF e FOBEST & Fig. 2l T, 4%, BEZE
HICBABERTERSAIGEWVWSAEZRLIZDIC
L, BREETSEEMIREIREBLIBOEN
NAER Lz, ZOBEMTESICHBRENTD,
REBOT7EMNT AT FORESHIZ, LYV#EL
RENE, BRTHEE, TERNTATE RO
BRI 5 EAERIT, B4 - ETHOMIZ, &
BIZLBTNVa—LORBMNHOERT D&, B
L, ADDORAPBETERY, LFEIRTE
DO R BERARHDHOT, KBEILELHTE
TATE ROBEENERKLELZ EHHERAIND,
VOC : VOCOBESAAO—Fl L LT, _o¥v
L rE D5 K E, Fig. 3IZRT, XUEUOR
EAFE, EE, AFHICBERRESCLEDIC
RBoTWER, BERUSHAERLE, EENIC
AR EB Y OREFERD W=D LB S,

BE (1lpg/md) LRBEDETH>
ro ERZBLEZBMNEEOEHEIL %
20 pg/m3TH v, BREE BIT - 72 FRK
226 FAAFE Y OETHEL6 ppb (30 5,
png/m3) SR —EH L7, “_10

TRHIEREOAZIIBITARNE o

BEIZ1.8 ng/ms, EFIIB T HBERNF

BIEIZ0.6 ng/m3TH Y, WEEEFET
% %40 ppb (100 pg/m3) Bz 72FE 4«
ERFEE Lok, FHEZELZE
SR DFEHEIZ1.9 pg/mdTH Y, B
BENIT- T ER2LEREFRY 0 o

frequency, %

formaldehyde 60 r formaldehyde
winter 50 } summer
1
I
d ~—— Indoor air xR 40 —— Indoor air
| N outdoor air 1« / \N 00 outdoor air
! s 30
= 3
i 820
i
{ 10
1
1
\ 0 .
0 20 40 60 80 100 0 20 40 60 80 100
concentration, pg/m? concentration, pg/m?
acetaldehyde 50 acetaldehyde
winter summer
40
— Indoor air = i —— Indoor air
------ outdoor air 30 I === outdoor air
5] i
;.)20 L
10
0 .
0 20 80 100 0 20 40 60 80 100

FEEHES ppb (8 ng/m3) L Y IEKVWME 0
Wizolz, BN, BAO ZBILFER

40 60
concentration, pg/m?

concentration, ug/m?

Fig. 2. Concentration distributions of formaldehyde (upper panel) and

EREENIEEICERETDLY,

acetaldehyde (lower panel) measured with DSD-BPE/DNPH.

—20—



—“‘ji.’

BUEAR  CBLEREFBOBRE
oAk Fig. 4127, BAMNBEL, £
ZF, BEFRRITERSAITEVDT 2R
L=y, WE & b RBEXEAFTDOHN
m. BRIRERT, TRILER, TR,
EICEAFIIHEEMIR- 722 &2
b, AFIIBONIRERE DD L
DRI NG, 82 OFEmIE 2Bk
EROLBERE,

TV F U DEESF EFig. b
WWRY, EEMICBABRERSEL, 1F
BEHSfETR L, EEOBRNAY
VIBEL, AFICENEREMIZRE-
b, RICE VAR
DENICHEALEZZ EBRHER NS,
RAVLT AT b FREIZBRBAOFN
BV, REBEIC, Y ORARIT
BRICFEEEL, ERMICBMNBRED
F@mv, BRNIREOFRBNRE X
DIRVWHEIEAY v ORTH B, Fig.
6lIzA Y VIREDRNIESN (1/0) &
RILVLT VT E FOBNREERE (B
FEE L BIMEBEDRE) OBEREETRT,
Fig. 60 EXFET —Z 2 X 2#AAK
THY, ERIEARLLAT LT & REE
, Vv 0l0kE0.28ICFEH{LL
RTHL, TV DOUOERREL
RBAITPE, RILATIILFE REBEN
BIEICEAO LTS, ZOZEnb,
F Y OOk, MROBEIZRD
TLEMNRBINDS,

C3. tEZEYMERELREDCEHEK

BAICTFET HLFHWEOT T, &
M, LA, RE, ZEASENDLHR
ETIWENR, BAEENBEICKRET
BBEREZ, Fig. TRV AT VT
ER, TEhTATER, RXUEL,
hvxzy, “EBBEESR, TUOE=TRE
ELEECEFGERT, £z, BEZ
BCZLICEHb L EDELE

MV ORESTHITENREDR&DICRE
Sl ER L, BICAFIRIEN SRR
5729, BREBEXE 25EMMARD L,

Fig. 8IZ "7, "AVALT AT E R, Pz y, TV
FoTIEED FFICHEVEESEN L, R
LATNT e R LU, BHICEENLTHA

&0 benzene 80 Ty benzene
. I
50 winter 50 ¥ AL summer
XY
40 3 —— Indoor air 40 —— Indoor air
(S outdoorair | & | A 0 e outdoor air

frequency, %
o
o
frequency, %
w
o

20 20
10 10
0 0
10 0 8 10
concentration, ug/m?
40 r toluene 40 ~ toluene
. Y

s winter summer

N AN 30
i —— Indoor air —— Indoor air

<eeeee OUtdOOT air == oUtdOOTr air

frequency, %
n
o
frequency, %
ny
o

10

~

Seen

.....

g 5 10 15 20 [} 5 10 15 20
concentration, pg/m?® concentration, pg/m?
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Fig. 6. Scatter plots of the formaldehyde concentrations in indoor air vs. the indoor/outdoor
ratios of ozone. Left panel shows the raw data. Right panel shows the mean value in the
interval of 0.2 1/O ratio)
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Table 2a. Concenirations of acetaldehyde and other
compounds under the influence of drinking.

A B
compound ey =g Bl =4
acetaldehyde 210 1.8 130 2.1
formaldehyde 58 1.6 30 1.6
acetone 36 52 18 5.9
propanal 2.1 0.0 1.8 0.0
d-limonene 40 0.0 87 0.0
anmonia 14 2.5 11 3.4
Temp.(°C) 21 10 21 11
R.H. (%) 62 71 56 63

Table 2b. Concentrations of acetaldehyde and other
compounds under the influence of no drinking.

A B

compound  g@pg =g Bl =5t
acetaldehyde 57 4.0 34 2.2
formaldehyde 37 3.3 27 2.2
acetone 29 6.8 16 5.0
propanal 2.5 1.2 2.4 0.6
d-limonene 17 0.0 190 0.0
anmonia 15 2.6 13 3.7
Temp.(°C) 21 10 22 16.
R.H. (%) 53 56 57 69

B LUCHERELZE Z A, FEA 5T ng/ms, £
£B: 34 pg/m3 LI L7z (Table 2b), 2 B2
Enh, BEORKRE, 7TLra—AnNT7TE N7 AT
RIZREL, BAREZED TWD Z ERHALMZ
o7,

EARAERAEE (FE, FFR) . SEoOLEFECTE
B OWERL 72 & O A ARG EE 0D ¥ FE A% LB Y
ERECEETDIZLAHALNI T, FEBED
BRNEYWREEITIAZEGS ng/ms, EZFE26 ng/m3T4A
FEOFBE, BHOEERENLZE, 14 ng/ms,
19 png/m372 DT, ALNIENIZEAERERH 51X
TThbd, LBEIBITIIENBIUVERNOXEE
EL _BIEREEOBEGEZFig. 9ITRT, BRNOD
B TIE, MEMREN0.950% R L, FEFICE VA
Er@Rvbhiz, £/-, BN TOXBREEDTEY
ElX, =7 20Lz2EALTHWEEETI2
pg/m? (EERZEILT pg/md), REZROBEERES
FEHALTWAZERTIZI00 pg/md (EERFZE110
pg/ms) Thotz, TNHDOZ &ML, FBOEAE

1600 Indoor air A
E
©1200 F
o
[
]
3
2 800
o
Q
(o]
2 a00 |
= y=4.0x-53
r=0.950
O 7 1 L 1. X
0 100 200 300 400
formic acid, ug/m?3
100
Outdoor air °
(5] -

i y =0.35x + 20
@ 80 r=0.239
£
)
=3
po
o
X
2
T
g
Q
(@]
o
E

40

20 30
formic acid, pg/m?®

50

Fig. 9. Relationship between formic acid and nitrogen
dioxide concentrations measured in indoor air (upper
panel) and outdoor air (lower panel).



FIIBRBEROBRERETH S LD, —F,
EEfE O BN YR EIXAZE100 pe/m?, EF110
pg/ms, BANEERENAZ, 37 ug/md, 34 pg/m3
TeDT, XPEEFERICHALPICENICEER®
B, BAFRELL UL, BEFAELTERASATY
B EEER E = VIR DMK 3 iR K D IR IR 38 A
X, BRNDOO—KREBREENREZEZDNLD,
RibkkE (F252, /F2) ZAFOBRNICE
FAEFT B VBREL ) T UBE ORI % Fig. 10

R, REOF 7 X VBEEL ) FUBEORIC

X, AHEAM—TEZHEHAL TV ZEECEVWEE
BERED bz, RIZ, MEHMMPICERLE
BESEOREIOREE (AW, TR) ZLin#E
L7BED, 427 % OBRNBESMZFig. 111TR
To AHA =T 2EALTCVHEEDH R, A
AR N=TEEALTWAEELY, BREMAI
RBol-mfiERLTCWD, £, FAAN—T7%
FRLTWEEEDL 7 & BEOEHEIXLT

150

Indoor air

-
(]
o

nonane, pug/m?

20
octane, ug/m3 -
Fig. 10. Relationship between octane and nonane
measured in living room using a kerosene stove.

0 10 30

90

75 Types of fuel
—— Kerosene
60 it e Gas

frequency, %
w N
o [&)]

-
(o]

octane, pug/m3

Fig. 11. Relationship between formic acid and nitrogen
dioxide concentrations measured in indoor air.

pg/md3THBHN, AMAN—TEEAL TVWEHEE
T, 6.8 ngm3t/BWMEEZRLIZ, ThbHDIZ &
nh, BREKXFICBIT A7V &/ T O3
AREZ, HICABERBE LEAM—TICL5Y
DTHDHZEREHBIEIND,

D. #&i®
2EB3FDOEET, BN, BIMNIFEETDIAR
WALEWE ORIEZITV, BROEREILE, B4

BOWER T, ZOE, ¥ 7Y v 7T ER

Uzt 77—k, N E CRENB{ER
e, &%, BEEORMBHICEZHMATRET S Z
EBRFRETH Tz,

AFLEFTIE, BRBERKRELERY, 12
CALOWMEIZEFICRE NS RO2MEMmMERL
7, BRI, RAATATE RRM VD LI
BB IA L LTEASNL TV HMEORE,
BECBELBEABD LN, —F, ZB{LE
FOBRNBEX, LFIEI-TELI RoT, B
HEREEHREAPOOREILLDI LD TH D03,
46% DEETCREREFELBEAL TWVWDLOT,
LNOXENBMLETH D,

ET, RETIREN, BHAOFY VIREZR
BRCIE L2, BRNOL Y VIBEIED TRE
WL, BANLBRNICHALEZLS Y Uik, BEb
WCHRTHZ LN Ghote, TDRW, Y Vi
EORN/ BALITHRKOREIZRY 552 &5
B oz o T,

BROT v E=TRER, <y hE@HELTY
PEECELS ZD2BERAIRO O, BREFIEED
EBEZBRTIEELHFEELRL, LML, Xy
FEFEBLTOWRVWEETLEVWEE2RTHEN
BV, EROIBEDPBETDLD,

Bk
Uchiyama, S.; Inaba, Y., Kunugita, N. A
diffusive sampling device for simultaneous

determination of ozone and carbonyls. Analytica
Chimica Acta 2011, 691, 119-124.

1)

2) Yamada, T.; Uchiyama, S.; Inaba, Y; Kunugita, N.;
Nakagome, N.; Seto, H. - A diffusive sampling
device for measurement of ammonia in air.

Atmospheric Environment 2012, 54, 629-633.
3)

Uchiyama, S.; Hasegawa, S. A reactive and
sensitive diffusion sampler for the determination
of aldehydes and ketones in ambient air.

Atmospheric Environment 1999, 33, 1999- 2005.



4) Uchiyama, S.; Aoyagi, S.; Ando, M. Evaluation
of a Diffusive Sampler for Measurement of

Carbonyl Compounds in Air Atmospheric
Environment 2004, 38, 6319-6326.
5) Uchiyama, S.; Otsubo, Y. Simultaneous

Determination of Ozone and Carbonyls Using
trans-1,2-Bis(4-pyridyl)ethylene as an Ozone
Scrubber for 2,4-Dinitrophenylhydrazine
Impregnated  Silica  Cartridge.  Analytical
Chemistry 2008, 80, 3285-3290.

6) Uchiyama, S.; Naito, S.; Matsumoto, M.; Inaba,
Y.; Kunugita, N. Improved Measurement of
Ozone and Carbonyls Using a Dual-Bed Sampling
Cartridge Containing trans-1,2-Bis(2-pyridyl)
ethylene and 2,4-Dinitrophenylhydrazine-
Impregnated Silica. Analytical Chemistry 2009,
81, 6552-6557.

7) Amts, R.R.; Tejada, S.B. 2,4-Dinitrophenyl-
hydrazine-coated silica gel cartridge method for
determination  of  formaldehyde in  air:
identification of an ozone interference.
Environmental Science & Technology 1989, 23,
1428-1430.

8) Smith, D.F.; Kleindienst, T.E.; Hudgens, E.E.
Improved high-performance liquid
chromatographic ~ method  for  artifact-free
measurements of aldehydes in the presence of
ozone using 2,4-dinitrophenylhydrazine. J.
Chromatography A 1989, 483 431-436.

9) Rodier, D.R.; Nondek, L.; Birks, J.W.; Evaluation
of ozone and water vapor interferences in the
derivatization of atmospheric aldehydes with
dansylhydrazine. Environmental Science &

Technology 1993, 27, 2814-2820.

10) Uchiyama, S.; Ando, M.; Aoyagi, S.
Isomerization of aldehyde-2,4-dinitrophenyl-
hydrazone derivatives and validation of
high-performance liquid chromatographic
analysis. Journal of Chromatography 4 2003,
996 (1-2), 95-102.

11) Uchiyama, S.; Matsushima, E.; Aoyagi, S.; Ando,
M. Measurement of acid-catalyzed isomeri-
zation of unsaturated aldehyde-2,4-dinitrophenyl-
hydrazone derivatives by high-performance liquid
chromatography analysis. Analytica Chimica Acta
2004, 523, 157-163.

12) Uchiyama, S.; Kaneko, T.; Tokunaga, H.; Ando,
M.; Otsubo, Y. Acid-catalyzed isomerization
and decomposition of ketone-2,4-dinitrophenyl-
hydrazones. Analytica Chimica Acta 2007, 605,
198-204.

13) RESE, P2 FERAERRIGEMET =75
U TRRERR,

http://www.env.go.jp/air/osen/monitoring/mon_h2
1/index.html.

14) BEE, T 22 FERKIGERRICONVT
http://www.env.go.jp/air/osen/jokyo_h22/index.ht
ml.

MXER

Uchiyama, S.; Sakamoto, H.; Ohno, A.; Inaba, Y.;
Nakagome, H.; Kunugita, N. Reductive amination of
glutaraldehyde  2,4-dinitrophenylhydrazone  using
2-picoline borane and high-performance liquid
chromatographic analysis. Analyst 2012, 137, 4274-
4279.

Yamada, T.; Uchivama, S.; Inaba, Y; Kunugita, N.;
Nakagome, N.; Seto, H. A diffusive sampling device
for measurement of ammonia in air. Atmospheric
Environment 2012, 54, 629-633.

Uchiyama, S.; Inaba, Y.; Kunugita, N. Ozone removal
in the collection of carbonyl compounds in air.
Journal of Chromatography A 2012, 1229, 293-297.

A SE; AILRA; MEFET, WA IiE, BEE
¥ K CEYERERILRYT 7T —DRE
HEMB L OERBBE~OICHE b=,
2013, in press.

FRER

EARRE, NILEA, BEEYR, FrEds, K|
5], FRIEVEE, BEEMKE), SEME AFCBOT
LENBEFTONTNARBERYDEEERE TR
UEEZEAREFSFMRE, 2024F 128, ®
WBRE, TR 24 EEENREZSFRNASHERE
BE  p66-67.

Frades, WILMEA, FREHEF, JHASE, BHEE
B YT — 2RV EENERTICEET
H2IEMEORE — BT ARDE — F 71
B A AAREESES, 20124 10 A, Lo, BAR
INREEEFERESTEE, p. 574.

FEORRRME, PMILTRA, FRIERETE, H%EMEE, BH
HEHLEY v 7T — AW ENERFPICEET
HZIEMEORE-T VT e RE, V- &
71 B B AAREEFS, 20124 10 B, Lo, B
BAREEZERESPEE, p. 574.

BIEEN, WNILRA, FTREEF, KEEE, #H
MBS 75— AW ENES PO EET
ZILEHMEORE - EREERLLED - F 71
B B ANREAZS, 20124 10 8, o, BA
NREEFEERESWEE p. 575,



KEFIE, NILEA, MEEY, FAFHE, BH
i DNPH SFE (LB L A Z N EREICE £
NBINVR=NVAEY OGN F 71 BEIRARLR
BEAESES, 20124 10 A, WO, BARLAREESE
DB ERE, p. 575.

WILZE R, RIRBETF; B8R, NLURA  E#
YT T—HVWEEENBETOLEYEERH
E, 55 53 BRKREFES, 2012 F 9 B, &)
KF, B SBERKREFSFSHEERESE, p.232

FrEEs, NILRA, MEEY, HiAFHE,;, BEHE
B ERZERFICEET A ERE Oy 7
T —E RWERIE - BT 2RME —, 8 53 |
KEBREZS, 2012 4 9 A, #E)IKRE, 5§ 53
FAREREZSESEERETE, p.233
BIREV; MILEA, TRIEEY, KEHEE, 2H8
A ERNERTICEET AEEYE OYLEY
TI—EHAWERHE —EBREEELEED -, &
53 EREREESES, 20124F 9 8, MEJIKRE, &
SIERGKREFSFESFBEERTE, p234
FEORFRAG; UL, FREEPET,; tREEMME,; B E

A ENERPICHEET 2LFEME OIREY

P = HWERE, — AR bEHE IO
AV v—, 20124 9 B, #WEJIKZE, §53EK
SREFSESHEEZESE, p.235

KHEME, NILEA; MEFEY, PIAHE,; #H
Wi 2—valrRITUERAWEETHT R/
fRizL B 7T e FEOSH, 8 53 BIRKKER
B, 20124 9 H, MEJIIKRE, F 53 ERE
REFSFSHEEERESE, p236

ZAR ZAR HLAING; B3N EHY; FiAFHE; Al
A SO REF, AMEBE—  BAEA

PC EEROBSMRIIBITOERBHORRERE

R T AR FTI5RF o7 U A7zt
Wses (FSRY) % 15 EFteas, 201249 A, L
BRXRT BEOM, TI7RXRF o7 VYA 70
{LE2AFFES (FSRI) % 15 FftsHha#EESE
Frag, WILRA; TREEYE, EYEHETF; FiA
F BEME AMEERDOOLBETITATE
FEORE L EE/L, £ 21 EIRE/LEFH
£20124 7 A, BEREERILESME, F 21 FE
BLFEFRmaSBEEESRSE, p. 715-716.

BTN, NILRA; MEEY, KEHBE, #H
M EERICHE L ERTEREEELLAEY
D~y RAR—AIT A a~ T 57D
AT, B 21 BIRE/AFENRS 201247 8, BF
BRRELSE, £ 21 BRELFEHNGSERER
%, p.707-708.

KHEFE,, NILEA; RIEHEY, FIAFHE, BE
M IR ERECEEND IR = LAY
@ DNPH B EMA(LIEIZ X A0, 21 ERELS
EE20124 7 A, BRERERRIUESE, F 21
EIRELFFRESEERESSE, p. 709-710.

ZEARRME; NILTEA; REIEVHEE,; REEMEE; B
MR ZERFHIALR=NACEY ORERIZBIT D
BRIV AT T AA—0RE, B 21 BIBEELF
201244 7 A, BERRBERRUEESE, F 21
EREFFRSFERERESSE, p.713-714

WILEA; FRIEVEY, BEME BV Yr2-7
Fe FEWY rans-12-E2Q2-B U P F L%
AWz R&EHe RIVUVEOLH, 5 21 BEERE
{bEamE.2012 £ 7 A, BEREREAE,
F 21 FEIRELFFIRIERERSE, p.711-712.

—26—



Tk 2 A FEEATBHAEEMDS (BRETE - AREESRRETRER)
SRR EE

A%, BRTPI D RNBEE O H AR LR

HOURRL LY, AIRAY, KEERF 2, #MER, MIEEED, BHEED
VENZREERPIFRE, DT IETRERENT AT

WREE HEY 77 —2AWT, EREERLEY, BUTX, BEETX, FV 0, IAR=L
{bE&Z2REL, TEREDOR— 50 FIZBWTAER LVERICBIT 2ENREFT O T AR(IEEWE
ERFEEIToTe, TORER, BEEFEEOTA FIA MEEITREE ORELEEZER L-EE
1%, XFZBWC, T MTATERT2H, MU TLR, XV 7paX0EBrC2H, A€
VCOF, TBEEE T2 FTHY, BERIZBWUE, AVATATE RTLF, R7Y7nn_E
VTSHE, RUEBUTAFbolz, RUBUVINRICLBEENREL, TRLERITREC L HEE
WRED STz, NFVI7auaXEUit, AFETHRECEETHESTHLREEOCHERANH Y, ZH
EEROTR-EOREFE P DL TWE EE X L, FEIE, EFETIIRVLAT AT RO
LDERDPEBE X NN, ZXETIHBRBICLIFEEDRREWEH SN, 425, 27y, 21

¥, FURFARCEATUTHEO G HERY ) CEER Lo b0 LHER S,

A HHIEE/

W, —BREBICBWTEM, BITHD S5 WIX
FEAMENPOREET DILEVENRERE L 25T
BIET DYy I D AEEEPREBEE 2o
TWa, Zhxxl, BEEFBRICL2RERS
(HA RTA)DER, BEEEEORES, BEx
DGR & bNENERERZ T VESALLHELT
ETVWABN, TARITAVIZEDLNRIPS T,
ZOMDILZEHEORENL LABEML TS &
DEESH D,

FIT, BRFVWAHETERENLE L LWIE
WYy T I—FHNT, A RITA U THRESH
RPoTHELEDRIEVEZYE (ERER
A& (VOC) 30 &, h VR ={LEY 19 &,
BT 6 &, v, ToFE=T) ITOWT,
TEFEDICBT 2 —RENREFOEEHRES
To7z,

B. IRAE
VOCHIERILR Y > 75— (VOC-SD), BN X
BIERILEY > 77— (DSD-TEA), HEEMET AR

ERIEEY 77— (DSD-NHs) », &Y v EOH
VR = AL E R EENE RYEgct v 77 — (DSD-
BPE/DNPH) 2% H\\ T, £ (2012418 ~3H)
BLOEZE (2012478 ~8H) O28iICRBNT, F
E A O R —50H D BN BT B H 2k
WMBDY T T ETole, V7Y TR
U TH D, VTV T, VOC-SDIZHL
PR3 CEH%GC-MSIZL v, DSD-TEA, DSD-NHs
MK CHEHBA LTy I~ b7 7LD,
DSD-BPE/DNPH{Z Y A F N A NEKFY RI7 & b=
N U VBEYER CIEHBHPLCIZ L Y, TR 2o
BiTo7,

C. iIREREEE
C1. TELLEZYERE
RVATATER, T2 hTATE R, ¥
Y, TFARCEY, FULY, TP
vy, TEBRLER, ¥R, TUrE=T, £V
WZoWT, FEEDELAFERBIVEEDOBRNIMNEE
Z Fig. 1~10 1277, 28, BE#MOBRFIEE %
ToleBZEEERTESTH D,



concentration, pg/m3

2
N
o

-
[=3
o

concentration, pg/m3
[02] (¢
o o

S
S

n
(=}

Fig. 1.

formaldehyde
indoor air

[ O o
1234567 8 91011121314151617 1819202122 23 24 2526 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50

formaldehyde
" outdoor air

1234567289 1011121314151617181920212223242526272829303132333435383738394041424344454647484950

Concentrations of formaldehyde in indoor (upper panel) and outdoor air (lower panel) of 50 houses in

Chiba City. Open bar indicates the winter season and closed bar indicates the summer season.

80

concentration, pg/m?3

80

60

40

concentration, ug/m?

20 ¢

Fig. 2.

acetaldehyde
indoor air 0 Winter . @ Summer

12345678 91011121314151617 181920212223 24252627 28293031 32333435363738394041424344454647484950

acetaldehyde- .
outdoor air O Winter

ummer

1234567891011 1213141516171819202122232425262728293031 32333435363738394041424344454647484950

Concentrations of acetaldehyde in indoor (upper panel) and outdoor air (lower panel) of 50 houses in

Chiba City. Open bar indicates the winter season and closed bar indicates the summer season.



—_
(8]
1

benzene
E indoor air O Winter @ Summer
= 12 F
b=
=3
S g
ksl
2
Q
¢ 6
8
3
0 b
12345867 8 91011121314 15161718 192021 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50
15
benzene
E o2l outdoor air
o
=
=3
g 9t
@
=
3
2 6
[+
o
3
0

12345678 9101112131415161718192021 2223242526272829303132333435363738394041424344454647484950

Fig. 3. Concentrations of benzene in indoor (upper panel) and outdoor air (lower panel) of 50 houses in Chiba
City. Open bar indicates the winter season and closed bar indicates the summer season.

ethylbenzene H 220 pg/m?
T indoor air OWinter @ Summer
5 80 |
-3
S 60 |
g
Z
@
S 40 }
o
(53
20
0 = ) ArTs 52 b= Z
12345672829 101112131415161718192021 222324252627 28293031 32333435363738394041424344454647484950
100
ethylbenzene
« i OWinter &
T oeol outdoor air
o
=
<
S 60 |
g
g
Q
2 40
Q
o
20
0

123456738 91011 1213141516171819202122232425262728293031 32333435363738394041424344454647484950

Fig. 4. Concentrations of ethylbenzene in indoor (upper panel) and outdoor air (lower panel) of 50 houses in
Chiba City. Open bar indicates the winter season and closed bar indicates the summer season.



120

-
o
o

D
(=)

concentration, pg/ms

e
o

N
o

-
o
(=]

concentration, pg/m?®
nN B [+)]
[} (=] o

o

Fig. 5.

o]
(=)

(<3
o

A xylene . '
outdoor air & Winter

ummer

12346586738 910M1 121314151617181920212223242526272829303132333435363738394041424344454647484950

I xylene
outdoor air

123456789 10111213141516171819202122232425262728293031 32333435363738394041424344454647484950

Concentrations of xylenes in indoor (upper panel) and outdoor air (lower panel) of 50 houses in Chiba

City. Open bar indicates the winter season and closed bar indicates the summer season.

5000

4000

w
(=)
[«
(<]

2000

concentration, pug/m?

1000

5000

J

4000 ¢

2000

concentration, pg/ms
w
<
(=]
(=]

1000

Fig. 6.

3000 pg/me p-dichlorobenzene
indoor air : oWinter & Summer

T = ;)
1234567 8 91011121314151617 181920212223 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50

p-dichlorobenzene
outdoor air OWinter Summer

L8
1234567 8 9101112131415161718 192021222324 2526 27 28 29 30 31 32 33 34 35 36 37 38 3940 41 42 43 44 45 46 47 48 49 50

Concentrations of p-dichlorobenzene in indoor (upper panel) and outdoor air (lower panel) of 50 houses

in Chiba City. Open bar indicates the winter season and closed bar indicates the summer season.



1200 ¢

nitrogen dioxide

= indoor air ) !
2 900 M
:” —
2
g
£ 600 r
8
=4
8

300 |

1234567 8 91011121314151617181920212223242526272829303132333435363738394041424344454647484950
1200 ¢ . TP
nitrogen dioxide _

£ outdoor air O Winter @Summer
D 900 |
=
2
8
£ 600 f
@
g
3

300 f

0

1234567891011 1213141516171819202122232425262728293031 323334353637 383940414243 44 454647484950

Fig. 7. Concentrations of nitrogen dioxide in indoor (upper panel) and outdoor air (lower panel) of 50 houses in
Chiba City. Open bar indicates the winter season and closed bar indicates the summer season.

200

—
o
[=}

100

concentration, pg/m?®

w
o

200

-
[$2)
(=}

-
o
o

concentration, pg/m3

W
(=]

formic acid ,
indoor air - & Winter

ummer

1234567289101 121314151617181920212223242526272829303132333435363738394041424344454647484950

formic acid

outdoor air OWinter & Summer

1234567 8 81011121314151617 181920212223 24 2526 27 28 29 30 31 32 33 34 35 36 37 38 39 4041 42 43 44 45 46 47 48 49 50

Fig. 8. Concentrations of formic acid in indoor (upper panel) and outdoor air (lower panel) of 50 houses in Chiba
City. Open bar indicates the winter season and closed bar indicates the summer season.



e - N
(=] [¢4] o
(=] (=] o

concentration, pg/m?

o
(=]

200

—
(9.3
o

100

concentration, pg/m?

a
o

Fig. 9

ammonia _
indoor air O Winter

ummer

1234567 8 91011121314151617 18 192021 2223 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50

ammonia
outdoor air

" 0 ] I
1234567 8 9101112131415 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 30 40 41 42 43 44 45 46 47 48 49 50

. Concentrations of ammonia in indoor (upper panel) and outdoor air (lower panel) of 50 houses in Chiba

City. Open bar indicates the winter season and closed bar indicates the summer season.
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Fig. 10. Concentrations of ozone in indoor (upper panel) and outdoor air (lower panel) of 50 houses in Chiba
City. Open bar indicates the winter season and closed bar indicates the summer season.



Table1. Concentrations of target compounds in indoor and outdoor air of 50 houses in Chiba City. (uglms)

indoor outdoor
compounds winter summer winter summer
mean  median max. mean  median max. mean median  max. mean median max.
formaldehyde 12.0 10.0 50.2 29.0 23.2 120.0 1.7 16 2.9 33 3.2 20.0
acetaldehyde 16.0 13.0 55.4 13.0 11.0 442 1.6 1.5 3.7 23 2.3 5.3
acetone 14.0 12.0 81.0 11.4 8.7 77.0 4.6 4.4 9.4 24 2.0 8.5
ethyl acetate 25 20 11.0 8.9 0.0 220.0 1.3 0.4 8.5 0.6 0.0 231
benzene 2.1 1.8 11.0 1.3 0.9 5.4 1.6 1.5 4.4 12 0.8 56
toluene 7.4 7.2 15.2 20.0 8.8 100.1 4.4 4.2 14.0 15.0 4.1 721
nonane 8.2 0.8 79.1 6.6 0.0 130.0 0.7 06 29 0.2 0.0 2.5
ethylbenzene 386 2.8 11.4 3.0 2.3 17.2 23 1.7 23.0 1.4 1.3 4.0
xylene 7.3 4.1 37.0 6.9 4.3 80.0 2.8 25 17.0 2.1 1.6 7.9
a-pinene 7.8 1.6 160.0 17.2 4.1 260.0 0.1 0.0 1.1 05 0.0 7.9
d-limonene 18.0 9.8 94.1 16.0 9.7 91.0 0.3 0.0 2.3 0.1 0.0 3.1
p-dichlorobenzene 50.0 14 1100.0 330.0 4.0 13000.0 04 0.0 58 75 1.4 200.0
TVOC 140.0 77.0 1400.0 420.0 72.0 13000.0 26.0 22.0 110.0 16.2 6.0 200.0
formic acid 46.0 20.0 180.0 23.0 220 68.0 9.0 77 393 13.0 12.1 23.0
nitrogen dioxide 250.0 110.0 980.0 11.0 9.3 39.3 30.0 264 84.0 11.0 11.0 314
sulfur dioxide 24 0.7 21.0 0.9 0.7 5.9 3.1 1.6 28.0 1.7 0.8 13.0
ammonia 14.0 15.0 29.0 39.0 31.0 120.0 8.2 8.8 21.0 10.1 9.8 27.0
ozone 1.2 1.0 2.7 6.3 5.3 20.2 33.1 34.0 60.3 21.0 18.4 59.0
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