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B E NIRRT E A PRI G WS Gk AR, T 2016 SRR VLTI E 5
FHERE A 20 P IEAL G, A = OO S A TR R A3 BT, S5 SRR, S BRI S ik
BE ((144.3+56.2) pg'm™) 355 T2 4h ((63.0£21.8) pgrm™). PEE . ZWEFTNEEZ 2 AP EREE sh AR X STk L
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Pollution characteristics and health effects of carbonyl compounds in
residential indoors

LI Lu'? DAI Wenting* LI Jianjun® NIU Xinyi' LI Lijuan®
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(1. Xi’an Jiaotong University, Xi'an, 710049, China; 2. Key Laboratory of Aerosol Chemistry and Physics, Chinese Academy of
Sciences, Xi’an, 710061, China; 3. Earth Environment Innovation Research Institute of Xi’an, Xi’an, 710061, China)

Abstract Twenty carbonyl compounds of the indoor air from five households in Xi'an were
analyzed by high performance liquid chromatography coupled with DAD, to investigate the pollution
level and health effect of indoor air. Higher concentration of carbonyl compounds were founded in
indoor air ((144.3+56.2) pug'm™) than outdoor ((63.0+21.8) pg'm™). Formaldehyde, acetaldehyde and
acetone were the most abundant carbonyl compounds in indoor and outdoor air, accounting for
47.0%—73.0% to the total carbonyl compounds. The air exchange rate had a major effect on indoor
carbonyl compounds pollution. The “weekend effect ” was significant with higher carbonyl
compounds concentration on weekends than weekdays in heating season. In contrast, higher carbonyl

compounds concentration was founded on weekdays than weekends in non-heating seasons. Health
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risk assessment showed that the daily inhaled doses of formaldehyde and acetaldehyde for children
exceed the lifetime cancer risk threshold by 1—2 orders of magnitude, indicating significant potential
cancer risk. Odor pollution were mainly from high molecular weight carbonyl compounds with lower
odor threshold, including hexanal, heptanal, octanal, nonanal and decanal.

Keywords Indoor air, carbonyl compounds, pollution characteristics, influencing factors,
health effects.

S Y, RIS S W), 2 AFAE T H O AR IS BRI b, X A AT B 2580 . IS
B, 23 RIS WA SO AR B WRUSE 7 £ S, 38 2 RN 3 2R 5, AN ) i A B AL 45 )
AT RES H B RABFERZ IR . 53 SN S0 & Wi 22 5 R e (0 A 73 24010 i it 1 1) o it 3 e IR ¢, A AEL ok
Qe ARSI e e (AR 5 45, (B AL 5 W) BAT BB PE A BCIRARTED 9. AR 2 N AR 6 AR 1]
1t 80%, = A A Ay K 22 ) N i L R i 4 i R R IE . 5 N s R R 2 R M AR B R R
TSR, 7 5 H OUHOR i RS Bl s s B, AR HAR™) | 28 Ja Tl CAIZK | g fngR o)) |
FEMHIAZE, 2 A TS LR — BB AR 35 P CHF 255910 | et it R SO0 B ) ) S5 R 2 1) 28 A 28 R
BRSSO U AT B A R AR S 2l N AR AR TS Qe AN BT R R0, a8
A LEFR IS WDy — 2875 Qe W) 5 BRSO IR G ) B P A A R L i, RS Sk
AR -5 B 80 A B DR S 7t ] 1 DA 2 P9 2 P S A B W R DD 7. A, SR IX Y A e
T s B RRRMA be 25 7= AR B B B 1, SR Tl 23 B s A A SR8 XUE A 38 BRI Hh e =,

VP22 [ 243 6 28 RSB P 0015 YRR AIE . SR TR 190 LA B (e B 5% ) TP R A DG ATF 92 T4 . B )
WFFE R B, A0Sk i 9l XA 2 R T 0 SR e 2 15 e S P i, HG v P TR 2 e 89 5 40 < B 2 T A
K, B AR R R T RE . SRR 2R BRI R Pu S50 WRFE R B, U U AR 12 Fhk
&Y WS Yedie ™ 5, L% NEAIC R, Forh RS2 V0 R PERE L WA B0 . B2 o7 B R Wi,
T2 WIS DL A 6 i S5 AL S, TR 52 Jo s 45 ) N SRR ) 2 ), 1 52 A ) 321 . Huang 2507
WFFE A B, 28 PN T T 2 5 P RE 2o 0 I L 2 S8 0d B B A XU . ol T 30058 rh S AL S W 2 M 7 1%
PR BEBLL R A X 85 s 1) 0 A 88 1, Z2BOCHRET XD BO LR S & W R TFIIF AT, AR SGTE AUk 5 G
FEE R R TR (SR R, R, TRERIZSEE) LK RS U5 5 A0 M A5 £ R AR SR R AL 4 )
() R £ RSB B AEAL B W B9 75 B 0 SR A R A 520, XA I LSE 7y T i3k
R AT 2 3 N AP SO SR 5 W) 15 YRR S A RSSOV AS BT ST 15 e i (2 2 AR e Ak
JE B AE T 22 AN R WL, 047 2= 5 AR A S AN [R5 e ) BRI, A 2 PR 5 e % A
A 0 R DU, S R Wi ) 5 e B0, DAS O it — 2P F 54 = 8 NIRRT e R i S R i e 1
—E MR

1 MBS i (Materials and methods)

1.1 FEACREE

AT T 2016 4EBEIEZR(1 A 28 H—30 H)FEHEMLBEZ=(9 H 23 H—26 H)7E VG % ERS X R AT
T 5 FUEE IR E NS Y 0 RE W, S T I, ik — B nEE K& R RE T =50
FE A SRAE R BB JE A S Tk ¥ U8, JR I R X, &4 P REEE B3 1 iR, RAEIIR], Irg )
AN CEAE R T O E GBI 1.0—1.5 m), s FF 8 XU SRAFESL % ] Sep-Pak DNPH(2,4- i 3 7
) -silica Gel cartridge + Ozone scrubber ( Waters Corporation, USA), it i 4 0.6—0.8 L-min™' #Y E %5 &
(Thomas) #E17 T 5 RAE, SRAERE] A 8 h(9:30—17:30), R4 J5 Y DNPH FE 5 AR 35, BT 4 C
PLF UKFARAE, b7 IR RE S 15 Y. fEmE 22257 42 DNPH #£ 5 18 M (E NG 3 M348 34, M TAE
H 2 A+HEE 1A AR B R AE 24 S (ZNE T 4 D+ES 44, B TAER 2 A+EEK 2 4. 1bsh,
Kl CO, 43 M (LI-820, LI-COR, USA ) Wi il 2 P 3 AU S v £k
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R1 BRMEFFERE
Table 1 Household information of each sampled household
BAE R

AF REY Tkl BRSO IO E ATk
S iAW /a FRUm  l/month HpR A 5T BEAR UBRORL  RARREL BRE &{A%ﬁ( AR A
. Age of . Floor Wall-  Fuel for Fuel for Cooking o .
Site Area Storage time . . . Ventilation Smoking
house after decoration material paper  heating cooking frequency

BTN L e I

- — KA IR N

QJ-1 5 100 6—12 A A AR = KRR TR >3 i w
FITHNE etk o

- — , 3 B ; 7

QJ-2 5 100 6—12 et GO S /S Py >3 ih g
HIT b o RIR FIF

J-3 5 102 6—12 A PN /S 1 i
Q AR ” “in
BITbE ‘ FIt

- — KA S i

QJ-4 5 100 3—6 5O HR = KRR RKIRA 3 “in 75
BITEGRE . i el

- — F IR IR 5

QJ-5 5 148 3—6 Bhasi Akl KR KRR 3 “ih i

1.2 FEah BT S g

DNPH #£ i 28 S5 e, A v S0RAH 6 3% A% (HPLC, Aglient 1200 LC) /3 #r. £E 25 °C H iR . Fi ik
2.0 mL-min™', K%K 4 360 nm., 390 nm 1 420 nm, PERER N 20 uL A9 Z2E T, B R6 BE Bk M R 5
A5 HT, vl g SR 20 FERILAL G, 430 I (CL) . 4 (C2) . INER(A3K) . N (n-C3) | 2-T
(MEK) . T (i,n-C4) , ZEF 5 (Benz) . 5% (i-C5) . 1E % (n-C5) | 41 F 2K F S (o-tol) | 1] FFY 4 F g
(m-tol) . Xf H 2K HI i (p-tol) \ 2,5- " HI LK i (2,5-DB) , CLliE(C6) . PifiE(CT7) ., FE(C8) . L&
(C9). ZWE(C10) . Z [ (Gly) I 5L 2, 1 (mGly), Hrh O ls . B, SER/E . TR, i e
Iy FERIEA Y (Co—C10), 25 7 A H BRUNEE 2 . AR 5 i A i PR A0 A 21 e o 4 ol
Z: DL 3CHR [23].

Fx2 BBEFENIAEE PRSI

Table 2 Concentrations of carbonyl compounds in indoor and outdoor environments in heating season

B PR/ (ug-mL ) AR ER 2 (AVGESD)/( pg'm™)

Carbonyl compounds Method detection limit QJ-1 QJ-2 QJ-3 QJ-4 QIJ-5 QJ-0
HEE(C1) 0.002 86.7+10.8 232+51 407+28 309+64 463+69 9.7+13
ZE(C2) 0.004 384+6.1  241+57 485+89 251+50 319+79 122+26
PR (A3K) 0.006 46.5+11.9 355+139 47.8+59 322+103 312+45 149+44
MEE(C3) 0.004 49+0.7 35+1.0 46+0.5 3.1+08 43+02 23+04

2-TH(MEK) 0.005 35+0.6 32+09 53+1.0 33+1.1 45+03 3106
THE(in-C4) 0.003 29+04 24+0.7 3.0+0.3 24+06 2.5+0.1 14+03
ZHI ¥ (Benz) 0.007 19+02 1.8+04 29+03 22+0.7 19£02  1.0£02
FEIEE(i-C5) 0.004 34+06 27+0.7 3.0+0.3 26+0.6 3.6£03  1.7+04
IEGEE (n-C5) 0.005 24+04 45+1.4 3.0+03 22+0.7 2103  0.6+02

LB FHEE (o-tol) 0.006 0.5+0.1 0.6+0.3 0.4+0.1 0.5+0.4 07402  0.1+0.1

] F 28 FH % (m-tol) 0.004 0.5+0.1 0.5+0.1 0.5+0.2 0.5+0.2 05+02 05+0.1

Xof B F % (p-tol) 0.003 03+0.1 0.6+0.2 0.5+0.2 0.3+0.2 04+02 02+0.0

2,5- "R (2,5-DB) 0.003 0.6+0.1 0.7+0.2 0.6+0.2 0.6+0.1 05+02 05+02
CLE(C6) 0.007 11.8+2.5 30077 149+16 108+4.6 126+25 0902

PEE(CT) 0.011 47+1.0 45+12 46+0.1 3.6+0.7 39+08  0.8+03
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B A IR (g mL ) P ffbrfEdi 2 (AVGESD)/(pgm ™)

Carbonyl compounds Method detection limit QIJ-1 QlJ-2 QI-3 Q-4 QlJ-5 QJ-0
FE(C8) 0.016 56+1.0 59+15 55+0.5 58+1.7 58+1.5 0903
TRE(C9) 0.017 164+28  18.6=5.1 150+ 1.1 147+32 189+59 2.1+£05
2L (C10) 0.001 29+0.5 3.5£22 28+0.8 5.4+0.8 33+£09  0.6+02
ZZ(Gly) 0.001 0.4+0.1 0.7+0.1 0.4+0.1 0.4+0.1 04+01 08+04

F 32— (mGly) 0.001 0.6+0.2 0.9+0.2 0.7+0.2 0.8+0.2 1.1£02  1.0£0.2
SFI(SUM) 235.1£33.9 167.3+38.7 204.7+11.6 1472+33.1 1763+257 553+94

1.3 Hli o

2 [&] fdi H] Origin 9.0 %% 14, 45 i+ 4> H7 J§ SPSS 26 Fl Excel 2021 % 1. £ A< 1F 25 ¥ 46 5 5% 1
Kolmogorov-Smirnov £ 4. #5 B 5848 5 AR IE A 534, W17 IE S EOMFE A Mann-Whitney U #5455 Fl1 22
A Kruskal-Wallis H £ 9%, BN AR 7 A0 ERERAL G W0k B2 22 5. B S it o0 I 45 R AE P <0.05 B, 9
I EA G E X
1.4 e XU PEH 7 v

SRR, L2 PR RE g 04 P I 0 235 | B 22 114 i 555 P R B A R R B[] 4 2, T ) A7 B PR T
VIR sZ ), DAY W2 T 2 NS SRS G Wi Gl it ) L2 (g e 1 52 ) . AR B 5 R FH 92 [ PR AR 3
£ (U.S. Environmental Protection Agency, EPA) #& t A9~ AW A 2 8% (11507 074l 0—6 %7 L Z {dt
DB, AR R

E;=C;xIR;xt; (D
P, Ey AW () IS 9eY) () i HIRAGRIG, pg-d™; C; HBEREE () TRy () mHk s, BE ik
BACG YRy S B, pg-m; IR, J2OR B h IR AR (), m*h !, 2 2 DL R JLE IR, Ky 0.22 m*h,
2—6 % JLER 033 m’h'; ¢ BAEWEREE () i 28 i a), BILEE & R AE % N EE i A IR, hed ™, 2 % LA
TIL#E 42137 hed", 2—6 F JLE N 20.15 hed " IR, Al ¢, B B U8 T b BB 22588 S 80F I OLE
&) MR,

MR8 5 3 0 B 5 vh SR FH R e 2628 X L BE T 7, % 2 0 L T i 2 XURS: 7K °F- (no significant risk
levels, NSRLs) | J&#% J5 i JLEE 4P 2 NSRLs: 2 % LA N JL#EE, HEE . 45500 0.52 pg-d™. 1.16 ug-d™;
2—6 % L, HEE . /500 3.15 pg-d ', 7.08 ng-d™". sbabh, FHRU: 7 (risk quotients, RQ) 2 7 fid F
KBS, RQ B3 J7 e Lz 4 H W AR £ 5% DA LEE 4% 22 i NSRLs. RQ >1 F B JLE MW A T
107 2 A B0 IXURS: [ {80, BRI L2 T80 I 0 7 A g il XSS
L5 ARG Ik

B T % A AR B 2 B i A1, Fk A A s 2 7 AR AR G B Ak B W 1 o e R B 1 AN R
A MR AR K, TR AR (R (B [ 2 8] b 5 i A AR X SR (R JER. Shy TR T e W R RN
WA R B B AR B R, R N AR T TG e PP, ARTS e PE A o Bk G W AU R B AR TS MR
(odor activity value, OAV ) F /R 2;

Cri
OAV, = C_u 2
K, OAV, M5 4Ly i B SRIG AR, ToIE A, Coy MGG | BB B, ngm™; Cy AT i R
R, pgm™, HHCH H ARG T A ihuC XA 3 AR5 e R R B AF 5 45 S50

15 L) B ORI PR DA R 2 80E % AN B BCE NE, OAV, <1 /R — M N TCIE B 215 3 i 1<
W OAV, > 1 n] A 575 Yy @ Tk 3, H OAV, # K, ARSI 19 S pRl K, RV R 58 i
K.
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2 5B 59718 (Results and discussion)

2.1 BREALE YRR K

5 IR TR R BEAL B W Y TR U Ol (144.3£56.2) pg-m™, o FHEE (25.5%) . TR (19.1%) A 21
(15.0%) /2 & & fie = (19 3Rl B, L7 ¥k BE 53 5 8 (36.8421.0) pgrm™, (27.5+14.3) pg'm™,
(21.7+14.4) pg-m>, B0 & FE MK (& 1) 35X 3 FEBRIEAL A PR IR 5 B A8 5 09 A2 36 B B G,
A NEESIAT R . AR B 2E | ST L AR 2 D AR AN TG S s S =
VOCs(JU H 2 i 4 ) iy A AL HE P BN m o F ' AL G Y (C6—C10) & th i b K, 4
27.7%(15.9%—45.9%), C6—C10 F-II% i (39.9 pgrm ) 2% 40 (9.0 pgrm ™) 1Y 4.4 5. WFR £, O m
AMUE G TER RN T, A7 T & A DA B & I A R AP, A IR A K R AR,
AIFHVEE ARt ] (RIS B e i AR . T A B A S R, AAE AL g5 h. =
AN KA IR R FE AL A W 00 I v M (63.0£21.8) pg-m®, HoAR N R MR Bz ((14.4+4.8) pgm ), H
U ((13.5£6.8) pg'm ™) MIZEE((11.0+4.3) ug'm™), X 3 KALA YL G = SN B IEAL S Pk 1
61.8%. /O LU{H (% /2 40 ) B ST 4F M 4fE 7 3 P B SR AL G 0 ) mT RE S Ml L R (B NI R AMB & ) . B
&1 A1, 2 (Gly) B BE 2 8 (mGly) (8 VO FCAE BT 1.0, 2 B 53 W 25 L8 11 - — B L)
A RETE Z 1ok A BAMR B E. R RN, ARSI E T O R 5L 2 Z 1/ E 2R IR TR
RGN R A DL A (A0 500 20 . D5 AR 8 i S0 O (EAS T B A 2, IR F it i Ak
SRR O/ AN 2 TR A (C6—C10) AY 1O HE I WA (1.9—11.8), %= N
HEOIE X 3 LS FE AL A WA 0 2 Tk

40 — -
‘% W Indoor

‘% 4pOutdoor

o~
T

[}
ot

[}
[=]

Concentration/(pg-m™>
— 5] 5]

Y T T T
4z,

L
<y [T

2 T

]
2 F
2

Concentration/(pg-m ™)

B 1 s NSRRI G Yk
Fig.1 Concentrations of carbonyl compounds in indoor and outdoor environment of residential buildings

MR 2 F13R 3 P AT LUE Y, 28 N IR EE AR ZR vk I f s 1 5 R R AL S W TR L TN | S
COTE R T, vk BV 4 o (17.6—49.9) pugrm™, (13.1—18.3) pgrm>, (8.3—19.3) pg'm?,
(7.6—12.9) pgrm™ F1(4.0—8.8) pg-m™. ML Z= 0 S | PR, SR, T-REAC R, Ok BE Ve Il 4y
Ak (23.2—86.7) pgm™, (31.2—47.8) pgm>, (24.1—48.5) pgm?, (14.9—18.9) pg'm> Fl
(10.8—30.0) pg-m™, ¥ = TARHERE Z5 . 45 R 54 A ik X AF S B & W15 Yok
S5 R B, TR 5 B A IR L | XU SR B DL e AP R BRI A R A DR AR R, T
WHERE R S AR 2, (E = E NP IR EE W 3 FRI AW . LN, 35 E R
ek s, KifE, Bl IR D) BBFFE 45 SR — 3020 5300, AR SO G R 3 &40 F
HAL G (OB, FREFTEE) 5 s (14.4%—33.0%) (8] 2). Feng 2557 BF 58 & B, 48 1 Al 7T fig
ST S A R o TR R SR AL B v e R P DR R 2 — el L, 5 N R A T R A T R
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KR T B AT 8. BN KRS P B B b & Wk 1 R B0 R AR AL E 2 (68.9+28.2) pg-m ™ BH I 5
FHLBE 2 (55.349.4) pg-m>, Horp BB e B 1 1 i K (6.6 pg-m ), HORJEE 8 (3.5 pg-m ) M 3 2 %
(2.5 pg-m™), X5 P F AR LR 2 15 B 5, K BHER B 80, A AT KRASAH W) & A etk 5 0, R i E
L8 Zo A W HE O 5 R AL & W08 =B TR,

R 3 AR = NINRE AL S TR

Table 3 Concentrations of carbonyl compounds in indoor and outdoor environments in non-heating season

ALY SFBIEhR 2 (AVGESD)/(ug'm™)

Carbonyl compounds QJ-1 QJ-2 QJ-3 Ql-4 QJ-5 QJ-0
HEE(C) 499+11.1 19.9+23 224+3.1 322+7.9 17.6+2.1 163+82
LTE(C2) 129+2.8 87+1.5 9.7+2.9 12.1+4.1 7.6+1.9 10.1+£54
PIF(A3K) 17.8 +4.1 183+3.9 17.0+ 6.7 16.8+6.2 13.1+3.6 141+57
PEE(C3) 21407 1.3+0.0 1.4+04 21406 0.9+0.2 1.0+0.2

2-T'Hl(MEK) 28+0.7 24+04 2.5+0.5 3.7+2.1 40+27 3.9+14
T (i,n-C4) 13+02 1.1£0.1 1.4+0.1 1.5+05 3.1+4.1 25+£23
K H % (Benz) 23406 2.1+0.8 1.9+0.8 27+1.1 12+0.2 15+1.0
S (i-CS) 1.7+£04 1.2+03 0.9+0.1 23+18 1.0£0.2 12+0.3
IEJR#E (n-C5) 0.9+0.3 1.1+03 0.8+0.3 1.0£0.5 04+0.2 0.5+0.1

A HH I (o-tol) bd* bd bd bd bd bd

[ FH 28 FH % (m-tol) 1.1+04 1.1+05 1.1+0.6 0.9+0.2 1.0£0.5 0.8+0.5

Xif FH R H i (p-tol) 0.4+0.0 0.2+0.0 0.3+0.1 0.2+0.0 03+0.2 04+02

2,5- " HRLAEHIEE(2,5-DB) 12407 0.7£0.2 0.8+04 09+0.2 0.4+0.1 03+0.1
CLEE(C6) 6.1£1.9 8.1+24 51+24 5.0£1.7 14+02 0.9+0.2
BREE(CT) 35+1.6 19+05 1.6+0.7 27+1.1 0.9+0.2 0.8+0.3
FE(C8) 158+5.0 193+5.6 19.2+10.4 13.6 £4.5 83+2.1 44+1.2
T-E(C9) 88+3.4 56+1.1 42+19 84+3.0 40+09 31+15
ZHE(C10) 72+£2.8 46+09 3416 7.0£2.5 33+0.7 25+13
. (Gly) 0.3+0.1 0.3+0.2 0.4+04 0.3+0.2 0.5+0.5 1.0£0.9

F 2 2 — % (mGly ) 1.7+0.5 1.9+0.7 1.9+1.0 20406 20+09 35422

syl 137.7+35.0 100.0+17.2 95.8+29.5 115.4+37.6 70.9+10.8 68.9+28.2

H:  bd R TH T BR. represents below limit of detection.

NI R H L S TR ) v B R A o (17.6—86.7) pgrm . (7.6—48.5) pgrm”,
(13.1—47.8) pg-m>, ANIEME 2 N IR & Pk 8 22 5 01 5, 3 mT B -5 AN [R) ) A 16 > 0 DL B e B A X
R A R Bk E, EBEZE Q-1 % P H BT 34 ik B ((86.7+10.8) png'm™) B & i 2022 4
7 A 11 HE S5 B S LS R (B PR A A 32 51 2 ) e A A B Wb 1 (GB/T 18883—2022) B
R B 0 25 P R 1 /NI S 43 B (80 pg-m™), AT RE 5% 4 8 70 RAE B BT 30 0 2L (R RN A HE ) 5%
QJ-3 fEME 2% N VR JE ((48.5+8.9) pg-m™) Hb H AR A 55 348 H & A9 N L VR FEBR A (48 pg'm™)
W 1= %0, HEAASR T, QU-1—QJ-5 %5 PN PN T ¥ 32 241 A b fin 5 R A6 43 1 R B B AL (8 pg-m ™), TN
TR EIZ PR A A e S A g B A MLt | Rz 38 45140,

Bl 2 A ERE 2 5 AR bR e £ E A PRI S W R B 7 L. AR 2 RTDLE IR T i
(R VS | T RN TN G 28 N b2 SR A0 B W B SRR, o R 3L A IR B 1 47.0%—73.0%,
HAAERZ 5 b TR R 2, Horh 8 5 e & R B o g 2 > AR IbiE 2 455 K 2 Mk 3 ik
FEEE R B, 2 N AP IREE T ) SRR B 3 R IO IR 2 > AR L (AR T B AR, QJ-2 Tt it
Wik AR LB 2, S FIE AT 3 S & Wi o L2 R R i 30%, 1 FH S . 2 R
o7 L R e A WA, MR O N B R R R A B R LD, A, 5 E AL,
QJ-2 3 VA AT T ANE N S AR T BEXT 28 PR LA & 0 1 15 G i AT S i), 75 2 — 20T 5%
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Fig.2 The proportion of carbonyl compounds in the indoor and outdoor environment of residential buildings

2.2 HIEAE W R
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CO, H7RERSR, E N CO, MR LS, i T % WA 2 S, N CO, MR 2 IR HOI,
2 (3) Ay izt B iy Bt <y A 7 AR, S T CO, W 5H R E RS X (4), F-3 1k Lt [
P, BIAT SR A 28 9 B TR,

V% = G(Cout _Cin) (3)
dr
In(Cjy = Cow) = In(Cing — Cot) — ACHT 4

o, Gy FEW CO, TFHRE, mg-m™; Coy HZESF CO, W, mg-m™; G il KU, m*h™'; ACH Jy &)y
IR 05 2 AL, by Cipg FRANE N CO, MIURTRE, mg-m ™.
R4 BT S AR A TR

Table 4 The air exchange rate of households in heating season and non-heating season

=S Jefitng 2
KA Heating season Non-Heating season
Site JE/M Y AR 25/ /M SR EAR R 25 /0
Range Mean+SD Range Mean+SD
QJ-1 0.1—0.7 03+£0.2 2.6—23.5 8.5+8.6
QJ-2 0.4—0.8 0.6+£0.2 42—134 7.0+3.8
QJ-3 0.2—0.6 0.4+0.2 3.2—34.5 12.1+15.0
QJ-4 0.2—0.5 0.4+0.1 3.0—21.6 10.3 £8.8
QJ-5 0.1—0.6 03+£0.2 5.8—48.6 16.7+18.0

W% 4 Fron, AL 25 28 Pyl R SR B0 (0.1—0.8) h', AEAEBE TR Jy(2.6—48.6) h', AE{LEE Z 4
SURBCOHER ZE i 1—2 8 . AR, R il KU SR BIOR AE IR 25 25 P IR B i 31 & vk
JEE S AR T HE R R 0 B R ER, 5 AL B W vk B A 22 S PRI B L AR B . AN S (AR
Bom NGUZAAE) | ARNE SN A B g T A ) LR E NG RIS e iE 2 R E
SRR 3 b 2= AR EE TR OGS (Gly+mGly ) ¥ B ) 36 3 A B IL B 25 3 TR 2=, i L= 9 o0
TS A I A 2 4/ MR R B N 38, 2 — 2 3 BH 2 AT P ST R EH
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P, 5GBS YA OC. AR SCR A UTF J7 AR R A0 (AWE ) #4490
AWE = [(Cyx — Crpe11) /Crpep ] (5

K, Crpep o TAEH B EESBE, Crp 28 ER AR BEIE. IR FREOE — 80k, AR Crpen
KA T TS Y I B, Cryge R FH R 7S BOT5 Yo e 2
Bl 3 25t T HERE 22 (a) FIEAEERE 25 (b) A 2 & A2 P B I A0 & vk B B A 25 . AT 3 1] LA
B, BRI, AN [FE = IR R B S W 0 R R OV IR — 2, BR QI-5 4k, Hik 4 FEEE AT
TS TR P M B8 R R A B A H B8, 23 B0 T 12.3%—32.3%. 15.9%—69.4%; 5> T ERE G
(C6—C10) LRI FE AR U B 55 T TAE H 0y« JARZN . &AM A FREE v B R 0 vk B JR) R AH LE T
YEH W, 430800 T 15.3% F1013.7%, 100 P9 N3G 0T 26.7%; &5 53 F i 3340 A5 1 (C6—C10) ¥
JE R T 30%. AEHEBR R, <RS0 B R, TCig E N R R AR, W, . NI, T
M SEEE . & AR L 2 R TAE BB R T ORI R BN . BN R R O
TR ) J A o BE AR T DA H A3 508070 T 15.9%—34.6%. 30.7%—45.6%. 30.6%—55.1%; %KX,
K = 285 Qe ik B (R 2 SR AR T TAE H, 2350000 T 51.0%. 53.1% F1 53.6%.
[ ]AQi1 AQI2 XY AQI-3 B AQi4 [ ]AQIss [ AQI-O
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Fig.3 Deviations of concentration of carbonyl compounds during weekend and week in indoor and outdoor environments
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B E A Z ZE T ARG R, BRI AE H s TR R B« AR RN, W58 3, 7 32 14 3ok i el X
PM, s HAT BT 09 A H e, AR D AR A < Jl A RGBE0 ph st vl L, & AN AL S W1 2 B TE 8 15
G R 545 h R R I 235 5.
2.3 AR DA
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1 176.5 ng-d™'. v K BBEE W 00T, BHRAWTI R T, JLH AL TS Qe W AR B 1. ki 2= g 1
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Table 5 Daily inhalation doses and risk quotients of formaldehyde and acetaldehyde by children in each household

HEE 3
Formaldehyde Acetaldehyde
22 LT 2—6% 258U 2—6%
Tk Birth to <2 years 2 years to < 6 years Birth to <2 years 2 years to < 6 years

Site. WA (uged) - RBE WA (ngd ) KR AR (nged ) RURT AR (ug-d ) AU

Daily inhalation Risk Daily inhalation Risk Daily inhalation Risk Daily inhalation Risk

dose Quotients dose Quotients dose Quotients dose Quotients

QJ-1 313.9 609.0 457.5 145.4 117.9 101.6 171.9 243
QJ-2 99.2 192.4 144.5 459 75.4 65.1 109.9 15.5
QJ-3 140.2 272.1 204.4 64.9 121.1 104.4 176.5 24.9
QJ-4 145.0 281.3 2113 67.1 85.5 73.7 124.6 17.6
QJ-5 137.4 266.6 200.3 63.6 82.9 71.5 120.9 17.1

e fe i, FEITFEILE WA B e, R8T LR A Rl A A Y p s B, dn
i BB LB A F R ST B NIARAILLG ), BUE RS S K. R, %= RIS s
Xof )L R 110 5 i, 5 S S AR v 2 o B . DR AN, B T FE R AN HE 4, e sra s
A FRSE LA (1910 O 8 R T 1 ) 1) A2 A5 58 5 0 sl e XU JE 1 R Gt A
2.4 SIS YR

AT P N IR TSR] TS G0t I B SIS PEIE TN 6 TR 7E43 BT & AE B TR IR EAL 5
T3S G0 38) 58 v A ) RS L TR R DA, Ly S R AT 19 A R (A R v, PR L 3 R A
W TS e SR TR RIS 2, BT SRR ARTE PR B e, ARG M E IR T 5. S HEEEAR
RO TENCE., FEE, F . TREASENSRGEESRT | LR R, #KTF 100,
FLYOR O X T 12 FIAERAE R A A SR R T ) SR ) o —— = LA A 2 R A ok, O
HAFRER. RaTP 5 R, 20858 TR E NI AR Y 220k A TR | Rt TREAC R
SEME IS5 YL Wy T ELIX S 1Ry 43T o P T 2 Y R A AR SR S ST IR S B ST [ 48 L PRk,
IR o B AL B W ST Yo T 2 N G TE = o L A . CA MRS R M, NN B AR
AU 25 HE 25 B 1iF (sick building syndrome, SBS) & R 2, & 70 1 5 13 IE L A P %) SBS (1521
AH B 5, CLEEXT SBS By — e R A f 5 P 35 1) T S B KT, 2 R X SBS 114 Bz JER S AR 1 e
PEALA S T 0 AT, BT DL, 25 BT X2 NI i 0 F i RS S R FRAEL R T+ 0 b 2.

R 6 AAETENIG Y TR TEE

Table 6 Odor activity values of indoor pollutants in various residences

y N e B o MG HEE
Carb%i%{i;g?unds iﬂﬁi{i/r:foﬂ : Qdor activity value

QJ-1 QJ-2 QJ-3 QJ-4 Q-5

R 670.3 0.10 0.03 0.05 0.05 0.04
LE 3.0 8.7 5.6 8.9 6.3 6.1
TR 108900.0 <0.01 <0.01 <0.01 <0.01 <0.01
T 26 1.4 0.9 1.1 1.0 0.9
2-T 1 1416.4 <0.01 <0.01 <0.01 <0.01 <0.01
TEE 1.6 13 1.1 13 1.2 1.7
S 0.4 6.7 5.1 47 6.3 5.4
I 1.6 1.1 1.8 1.1 1.0 0.7
CLE 13 7.1 152 7.4 6.3 49
P 0.8 5.1 4.0 3.5 3.9 2.7
R 0.06 187.8 220.4 232.1 169.1 126.3
T 22 5.8 5.6 4.0 5.4 4.8

ZE{iE 2.8 1.8 1.5 1.1 2.2 1.2
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4 5%, ZEN AR AL AR B, 3 WA SR B 2 N R BE TR AL TS Y ) i

(2) BEWE = N 2505 I A Y 2R & T TAE H A< RRN, JEHEHE B0 2 TAEH & FREK
FR <RI R RN . 28 SIS v Ak B W vk B AN 32 ZR 5 s i B8 S B T4 s T R R A« R R A0

(3) ft B AU P-4k $ 7 2% 18 7 ) L2 HH 0 2 7Y TR A 9 34737 B8 0 OEHHA 45 M 1) 2 8 R it e 4
FRAEL, 2% WH 4% 52 A ) L 280 300 1 1 7 A e e DRSS A 2 28 N A o R B R TS ok B T/ 0 (i 4 M1
(= TR G, G W B | S TR

TR, AR ST P REA I R SR AR FE 2, (HZE P9 AR AL LI 45 S BB S ik i (3 2 =8 N Ah s S
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