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Level and Characteristics of Indoor Air Pollutants in a Furniture Mall in Beijing
JIANG Chuan-jia', LI Shen-shen’, ZHANG Peng-yi', WANG Juan'

(1. State Key Joint Laboratory of Environmental Simulation and Pollution Control, Department of Environmental Science and
Engineering, Tsinghua University, Beijing 100084, China; 2. Beijing No. 55 High School, Beijing 100027, China)

Abstract: Concentrations of BTX (benzene, toluene and xylene) , total volatile organic compounds (TVOC) , formaldehyde and other
carbonyl compounds were measured in different sections of a furniture mall in Beijing. The overall indoor concentrations ( mean +
standard deviation) of formaldehyde, benzene, toluene, xylene, and TVOC were (0.37 +£0.08), (0.04 £0.03), (0.19 £0.16),
(0.47 £0.57), and (2.76 £2.18) mg/m’, respectively. Indoor concentrations of formaldehyde, xylene and TVOC were 22, 46 and
34 times higher than the corresponding outdoor concentrations respectively. Concentrations of formaldehyde, xylene and TVOC were
much higher than the standard limits regulated in the national “indoor air quality standard” ( GB/T 18883-2002 ), and the highest
concentrations of formaldehyde and TVOC exceeded the standard limit 5. 1 and 14. 8 times respectively. Total concentration of carbonyl
compounds was (689.3 + 94.8) pJg/m3 , which was 5 times higher than that outdoors. Of the carbonyls, formaldehyde and
acetaldehyde were found to be the most abundant, together accounting for over 75% of the total carbonyl concentrations. Acetone, C,
carbonyls (methacrolein, methyl ethyl ketone, butanal) , and hexanal also occurred at relatively high concentrations. In conclusion,
indoor air pollution is serious in the furniture mall.

Key words: furniture mall; indoor air; volatile organic compounds ( VOCs) ; formaldehyde; carbonyl compounds

DAV 38 3 B 16 #E 2 3R B R B s L

2T X AT i A T . R AR R R
F9 K ik 52 LA 3 P A bR T RE R T L 2
KRG N R EREAN ST |
AT, X 5 B RT3 % 4 25 05 e RS , &2 L
WE SRR R VA B (TVOC) By iy 32777
M6 A A BT AR AR 2 AR B AL 5
T 5 R B 25 5 e 5 LI A 42, T 2009 4E 7 ~8 A
WAE T IE % 85l Bk 2 A R IX 1 % 9 25 S
KEZY) TVOC  HIEE R B AL S W i, DL T
KT X — F R PR B 1) 35 P 28 05 ek B 5 4
Tk, SR DAk 5 LB 3 MOl N D3 B £ R XU 2 A48 4
[ -t 7T L 1) 42 52 e 52 L T i 5 A ) i 2 2 05
T 0.

1 M#EFE

L1 CRAFR &S B SOR A B [H]

AL R T — R LB A EE 15 1 m® s
PEZELIR R BT % 5, R AE 8153 BT 5 EL I K
EFXH(OC) BAFH(OF) JLEHKH(CH) &5
B (TC) Wb &ML EE (SC) Fifi it (OR) 45 6 4> g IX
e A TE B R B W 2 50 m Ak i — A
A (OD) %t AT HERAE 4 7, 4300 T 2009 4R 7

AH19H7H29H .8 A6 HMS8 A 12 H#EfT, 4

Y5 B #1:2010-01-05; f&1T H #§:2010-03-22
HEEWB  BEEEALRE LA ST H (08YO2ESPCT) ; Jb 3 i
DAERHE & ANA SR E
TEE BN L4 (1986 ~ ) 5 W WF A, FENES Iy 2= N
2305 G ) W B B A, E-mail ; jiangej05@ 126. com
w @ HEK & A, E-mail : zpy@ mail. tsinghua. edu. en



12 1) FAR RS RO R SRR N 2 0 JOKF 5 AR IE 2861

S 5 o Bl TE B L I & n H R R R W R
TVOC #e B, i A& v B2 I 7 1 k. L5 31 =
Do R I JEE 280 29 A~ R R W) S TVOC iR JEE 27 4
(FR2HRHME) IS 14, EiRTGRY
= S B RE 3 4.
1.2 RBE Ko # 7 i

S 2R R M TVOC 1 R A A 5 $2 i STk
(UL EATHR A IR BE AL 5 W A9 SR AE S 0 7 42 1R STk
(12 JHEAT 454 B, W R AEIR AR 5 ~ 10 L,
My 330 23 O 6 BE VR I S L 5E A0 RS L A3 00 B I
(UNICO UV2802PC) il 5 630 nm &b ff W 6 B, i 4b
PRk . R R Y . TVOC H] Tenax TA WY B 45 R+
25 4 L, #RR fF-S A £2 4% 25 ( Perkin Elmer ATD650
H 2 #4i [E 3, Agilent 6890N GC S AH {4, 1% {X , FID
LI 5 ) W05 T AT: Sy aE R A 0 B AN AR (b
K TP. PEG-20M,50 m x0.32 mm,1 pm). % FH#%
FeIh i W0 4R IR B2 S0 °C, £ 4F 10 min, SKJF LS
C/min ) 3 A TR 2 250 C R EF 2 min. Fp 2
i 30 mL/min. FID £ £+ i B£ 250 C, & <0 =
30 mL/min, 25 5 i & 300 mL/min. % F 2 b5 15 58
O (E KB R AR M R OF 5T B ) & A
HOHOR T HURAE 9 FhE L EAPLY).

EAG YA 2, 4-Z R WE (2, 4-DNPH)
W B AE (26 [ Waters 24 6)) SRAT: , w8 ROBK AR (438 15 73
Fr. =N KRR AR 12 ~13 L, 4 XT RS R EE Y
45 LoRAGHIREM A N (SEE J. T, Baker A H], {4
TEAL) YENE ¥ % 5 mL 28R b, v A5OBOAE €633 -
HMEA I A% (Shimadzu, LC 10AD) 73 #r. (4385 41 K
AichromBond-AQ C18 Jz A1 #¥ ( 3¢ [# Abel Industries
A HE]L150 mm x4. 6 mm,5 pm) i3I N 60% B 2
JEKE W (205K J. T. Baker A, {01 4l ; K Ky
milliQ #5247k ) , ik 1. 2 mL/min, #EFE R 20 uL,
FEilk 40°C K P K 360 nm. >R FH ANz ik 2 i, bRk
(2 E AccuStandard 22 &), Mix 1) & A 13 Fxk 3L fb
By DNPH iAW) - WS | W (DI L 79 960 5 T
B WA TR 2-T MR T AR R
(L0 R S S s WY i B = L SRR S N TR
B REVEI B 8, S T W O IR T AR 3 4
WL B WA RE 20 FF T3 TR S T 5 TR 04
BEWARE T TT, B 2 (b & il s SO R 45
THE AV E
1.3 s 5 il 5 o i AR i

HIE 2R R M TVOC M & BT AL A% ¥ 20t &
W, A o i 28 MG R B R B KT 0.999. R

10 AMFE B L AZH, SHE &R TR0, 115
it e B (BT 98 25 28 1 .

BREAL G W) B 2 AR DNPH I BiF A% - 17 %
B AT REAR XS 2 22 — B AE 10% LLT . M4 Waters
SEP-PAK SR AEAE P M H 55 8 e R AR AR FR, b7 1k
. ARG D T 2 W WO A, BRI AR
TE99% LA b 4 10 MG EC 1 A2 H, 5HE &R
FEL BRI BT AETH AR it vh 2%k B AL & W) o £ 1) U
LA AP RERIE. & AR P CBEATN
), G55 43 0l Ry A& A b AR N ) BT B IR Y
0.9% 3.1% 1 26.5% , Hrp 5 R i) 25 1 3% 568 o
1o, WA I 5% R 5 SR AEAE b v AT I O A . A A
il 28 (0 2 P Il U &R B0 R 35 K F 0.9995. 46 il R
(LOD) Hh b 1 1h e f /I v B 100 Y 22 s 7 A 2 1Y
3% 6 g, X B AL SR B4R R (12L) , LOD 7£ 0. 44
pe/m’ (Z ) ~3.53 wg/m’ (3 Fl 4 BRIRFEALEY)
Z I, — i < 2.20 pg/m’.

2 HR5IT®R

2.1 HEE RRPH TVOC i5 4L K

R IE #4575 Yy 1 B A S 349 9 DL
Fl1(a), B 26 2K H M TVOC Y F 3k
JE (90 £ bRE2E) 43014 2 (0.37 £0.08) . (0.04 +
0.03).(0.19 £0.16) .(0.47 £0.57) 1 (2.76 =
2.18)mg/m’.

Bl 1(b) ~1(f) 7354 AR A U R H
L HIA TVOC 75 Y i Bl 45 J8 X5 PSR AR A
WEE R TESM(OD)  Hh ZH I TVOC  H g | H
R E NIME L (170) 4051k 46 . 34,229 Al
4 % T RESCER [ 13 ] BT B b oA 1L v R 26 R
BUERN) I A R i 1 W A 3 380 3 o Ao A T B,
Hoh I AKX (OF) e B AL, 7 (0.29 0. 10)
mg/m” ; i i & X (OR) ¥ Ji 5 % , M (0. 45 £0.05)
mg/m’, Fe KAH (0.51 mg/m”) 2 HRMEMH 1 5.1 .
TVOC # iy A 426 48 b, Ho v 5% KA (8. 87 mg/m’,
LB A A A R X)) AR UEE Y 14. 8 £ KRR Wb R
(e B ARAIG , FLBR 48 s 48 Wr 8 X (TC) 3R e,
X B HE T AT SR TR [ AR B P A i B s AR AT
o B A A o 1 T S B St IR o) T BT 1 %
B 5 E B bR AT A R BR 5 R s N s A5 G
Wi s Al s e — 0 R 2R A 2
33% F1 63% MFE SR AR . (EAS T B 02, R VH R
THEDE TVOC 1 7% ~35% (34 23%) , 7
TVOC Z3Hr 5 B F0 A0 9 Fhd i 4k, Hoe i ok &



2862 7 S 31 %
9 0.6
( T (b)
8 L
7, 3F
: | - % }
@ g %
o
) B
= 1 02t
Eé r J 0.10
0 A #l olLo
i) 3 x FE X TVOoC OD OC OF CH TC SC OR
0.20 0.6 —
© @
0.15
04|
L R N 011 's
§° 0.10 §
i B 02 __?:2_9 ________________________________ L--
0.05
I ; @ L oo o
ol 2 o LS
OD OC OF CH TC SC OR OD OC OF CH TC SC OR
24 _ 10
© ® B
1.6 + 8|
bl 0.8 L ? P Tﬁ 6 |
8 Sy d
@ 04| L
- | :
|
0.2 -.0.'?9.--% ............................. - 2 % % 1
R N ot It S .06
0 o 0 a
oD OC OF CH TC SC OR OD OC OF CH TC SC OR

Pl v e 2 B KA SCHAR [ 13 ] 7P 2% 35 Be RO AR WAL 5 Ca) AR 7B U SAE 20 S0 7R 55 150 3 AN DU A 5, o [l A A 2 7w vp 2 5, b 96 s
11 B e R R e R A A B /IME, O 3R n BRI 5 (b) ~ (£) P o35 2y HY 48 SR B 0 R B2 90 [ B B RSP 34 1
Bl RAEHSMEERESFER. . FZZY (X FE . ZHEF)TVOC KE

Fig. 1  Average concentrations of formaldehyde, benzene, toluene, xylene and TVOC in the furniture mall

and specific concentrations at different sampling sites
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Table 1 ~ Spearman correlation coefficient between indoor

formaldehyde, BTX, and TVOC in the furniture mall
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Table 2 Formaldehyde concentrations and relevant environmental factors in furniture malls in different areas and different seasons
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Table 3 Concentrations of carbonyl compounds in the furniture mall, overall and at respective sampling sites/pg+m >
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Table 4 Comparison of carbonyl concentrations in the furniture mall and other environments /pg+m "~
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