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Indoor Formaldehyde and Benzene Series in Shanghal Residences and J’helr

Associations with Building Characterlstlcs and Llfestyle Behavwrs (¢
JIANG Qiao- -yun, JEIU, Ping-ping, WANG Xue ymg, LU Rong-chun, LIU Wei, ZHOU Hua-yuan, GONG Ymg-
yings"ZHOU Ya Xln HUANG Chen” | /] / 1.7 .-""

(Séhool of Env1ronment and Archltecture Unlversny’{f Sha‘nghal for Science and Technology, Sﬁl‘anghal 200093, Chira )™~

Abstract: From Match 2013 to December 2014 ,*we on- sitgl 1nspe(,ted indoor concenqﬂ“tlons of for‘maldehyde and a benzene series'in
454 children’s hedrooms that were decorated eaflier thanjone year before our inspection.| Large differences existed in the formaldehyde
and benzene series goncentrations among) individual! bedrooms. | Bedrooms that were ifspected in winter had significantly higher
concdltraﬂon of formaldehyde ithan bedrooms thit were 1nspecLed inzother seasons (P <0.001), but the benzene-series concentration
had no significant “seasonal difference. Among'bedrooms thdt were 1nspeeted in spring, those using different materials as wall coverings
had significant differences in concentrations of the benzene series. Among bedrooms that were inspected in summer, those using
different/materials as floor coverings had significant differences in concentrations of the benzene series (P <0.01). Among bedrooms
that were inspected in autumn, those with > 5 household bonsais had significantly higher concentrations of formaldehyde than other
bedrooms did. Among bedrooms that were inspected in winter, those with frequent use of air humidifiers and those in which pets were
kept had significantly higher concentrations of the benzene series than other bedrooms did (P <0.05). These results indicate that,
after a long time since decoration, the types of household wall and floor covering materials still have certain relationships with indoor
benzene-series levels and, compared to decoration materials, household ventilation perhaps has greater effect on indoor formaldehyde
levels. The indoor benzene-series level perhaps has associations with indoor humidity level and the keeping of pets in households.
Household bonsaies may have limited effect on indoor formaldehyde and benzene-series levels in residences that were decorated a long
time ago.

Key words : Shanghai; child’s bedroom; volatile organic compounds ( VOCs) ; decoration materials; lifestyle behaviors
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Table 1  Overall concentrations of formaldehyde in children’s bedrooms/pg+m
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Table 2 Overall concentrations of z (benzene-series) in children’s bedrooms/ pg+m ~*
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: 12 e b o L .
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JEYEN 358 (78.9) 33.9+72.1 <LODY 8.3 14.7 30. 4 770. 1
HF% 88 (67.7) 20.2 +48. 8 2.0 7.5 13. 8 30. 1 335.4
ES 91 (71.7) 35.4 £81.6 0.8 5.0 11.6 26.2 595.9
& 88 (84.6) 30.6 £54.2 2.8 10. 4 15.9 31.1 451.3
X7 86 (92.5) 42.4+95.8 0.2 8.8 20. 6 33.0 770. 1

1)LOD:;limit of detection, 5 HFR
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Table 3 Associations of indoor formaldehyde or the benzene series with building characteristics

AR A 2, R R T o T A
IRYE. BA BRI R 2
TR EE S, A R 2R b2
W B2 (A G . 35 25 5

AR RN A 45 SRt T BEAF 7R 18

H R
T H JERUN ¥IME/ pg-m 3 JEREN ¥/ ng-m 3
n(Kith/%) HE b F H B £ o(Kih®/%) HE«4fEE F 0 02 & %
A
REAEEE 192 (48.6) 21.9+14.4 19.7 19.6 18.8 28.0 171 (50.1) 39.6+94.1  17.2 41.9 29.4 52.1
HEAEEE 203 (51.4) 21.0+11.6 20.3 19.2 19.3 27.2 170 (49.9) 20.6+44.3 32,0 24.4 32.2 26.1
(EEc¥=Y =2
1~52 179 (47.9) 22.6+14.8 19.6 21.2 18.6 28.1 160 (49.5)  41.2+96.5 21.8 43.1 30.4 51.2
=6 2 195 (52.1) 20.5+11.6 19.7 18.6 19.9 26.7 163 (50.5) 20.2%44.9 33.0 22.0 29.5 27.3
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2006 4EZ 5 767(21.4) 17.8 8/17 177 45.4716.9 259" 66 (21.6) ¥ 419 +84,1 | 27.3 69.8729.4 57,7
P ] AR f N/ 28 ¥y, & . & g
4 ~10 62 (15.4) 21.3¢1u6.o‘f_{“"26_,(f “ _16*.‘?3 23.7 27.6 54 (1555) 27.9:50.6  43.2 25-7»'20-1“'22-'6,:.-#'
11~15 - 03l(56.0) 21.75‘13.4“' 21aff 2@'.'5...!,46.4 28.4 189 (5"4.}) 3‘9.9%90.9 24.8 471,322 92.9
16 ~20 98 (24.4) 20.9=10.1 /19.2 A7/4 21:1 26,2  88/(25:3) 24.7+32.6 259 14.2 27.3 3L0
>20" ; 17, (4.2) 2.3:11.9 16.0 268 26,7%21.6  17(489) = 43.1+54.4 441 33.3 60.8 20.5
GADU SV 1" ol “ ' b A ‘
<28 | F90 (2201) 2111430 199718712007 28.9 78 (22.1)  32.056.1 36.6 26.6 26.1 43.1
28~34 " 102 (25.0) 19.959.6  19.5 15.9 15.0 27.0 88 (24.9)  43.1£115.0 14.2 58.2 42.5 53.2
35 ~40 116 (28.4)  23.3+15.6 23.5 23.6 18.5 28.5 94 (26.6) 34.0£57.8  30.4 44.8 24.0 35.8
>40 100 (24.5)  21.4=11.3  18.5 19.7 22.1 27.0 93 (26.4) 28.4£38.6 33.9 16.6 32.7 33.1
1)# FR0.05<P<0.1; = FmR0.01<P<0.05
F4 IEBEENEBMBESENRBRMERYIRENXRY
Table 4  Associations of indoor formaldehyde or the benzene series with decoration materials
HH KR
WiH Bk PE/ pg-m 3 JEREN Yl wgem 3
n(BhE/%) B2 F 2 H K & o(lhE/%) HEWwEE K B ® &
PAY 55 55 T B A e
BET 32 (8.1) 22.0+15.5 21.9 17.7 23.0 43.7 24 (7.1) 41.7+50.6 27.4 67.6 68.6 3.6
LI 318 (80.7)  21.5%13.3 19.7 20.2 18.6 27.6 280 (82.3) 33.5+75.9 27.6 33.6 27.0 45.0
RlIIPES 15 (3.8) 20.1+7.1 153 12.4 18.1 26.4 14 (4.1) 26.4%24.1 7.2 12.8 30.6 36.6
P2y 22 (5.6) 21.4+10.1 23.4 19.5 22.0 27.5 16 (4.7) 33.9+53.3 186.8 14.1 37.1 17.2
oA 7 (1.8) 21.8=+11.2 225 21.2 NA NA 6 (1.8) 77.9+152.2  9.8* 111.9 NA NA
iR 2 M bR
A 281 (71.3)  21.2£13.0 19.0 19.9 19.6 27.6 250 (73.5) 32.1+70.3  28.1 22.1 33.7 45.6
ZRSWN 66 (16.8) 21.8+9.8 241 12.7 17.9 28.0 47 (13.8) 46.2+96.5 37.6 71.2 26.6 45.7
etk 13 (3.3) 18.7+8.2 19.6 12.1 12.6 27.4 13 (3.8) 52.6£102.7 10.9 204.0 19.7 34.9
oAl 34 (8.6) 24.3+£19.7 19.2 28.2 19.3 27.0 30 (8.9) 31.1+40.6  20.7 52.4™ 20.2 20.8

1)NA:no available, TTARBEAR; * £IR0.01<P<0.05;

x* % FR0.001<P<0.01, K[
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Table 5 Associations of indoor formaldehyde or the benzene series with lifestyle behaviors
H KR
WH JERES PIE/ pg-m =3 JEREN ¥l pgom?
n(Kth%/ %) HE 4z FH 0 2EH K % n(KHE/%) WHEHbREE F OB Bk %
KRS GH M 2 g eRs
7 301 (79.0)  21.7+14.0 20.6 20.3 19.2 27.7 267 (77.8)  31.5+59.3 30.0 32.7 27.8 35.3
I 80 (21.0) 19.6+9.4 16,97 16.2 20.4 27.2 76 (22.2)  43.3:106.6 29.0 53.0 47.8 62.5
KRS G MRS
% 252 (70.6)  21.813.6 19.8 20.2 20.0 27.6 229 (70.9)  30.1£56.0 28.3 35.4 20.6.-36.2
52 105 (20.4)  20.2%12.9 184 199 17.7 281  94(29.1)  45.3%106.0° 28.6 44476004 62:0
Eh G HIEEY) " =7 ¢
e 335 (85.5)  21.7+12.7 21.0720.7 18.4 27.6 294 (86.2) m=31.1%60.8 27.8 36.0 284 31.9
52 57(14.5)  20.2+15.7 16,9 449 264 27.6 47 (13.8) ) 50.9:102,0" 38.8 33.0 741271102}
SN AR (4) , 2 IR ' Ay
0 175 (46.5)  21.0+12.3) 19.8 ©19.1 17.8 27.3 152 (46.3) | /36.9+81.2 242 32.8 2.7~ 634
1~5 U5(30.6)  20.9:12.6 221 186 176 27.7 100 (30.5) © 35/§:79/4 ] 30.9 36.8 40.8.4%27i5
55 786 (22.9)  22.6x14.3 / h6/3f 2392627 27.4 76 (2812) 287492 416 39.1 17.3 (185 -
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