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Indoor Formaldehyde and Benzene Series in Shanghai Residences and Their

Associations with Building Characteristics and Lifestyle Behaviors

JIANG Qiaoyun LIU Pingping WANG Xue-ying LU Rong-chun LIU Wei ZHOU Hua-yuan GONG Ying—
ying ZHOU Yaxin HUANG Chen’

( School of Environment and Architecture University of Shanghai for Science and Technology Shanghai 200093~ China)

Abstract: From March 2013 to December 2014 we on-site inspected indoor concentrations of formaldehyde and a benzene series in
454 childrens bedrooms that were decorated earlier than one year before our inspection. Large differences existed in the formaldehyde
and benzene-series concentrations among individual bedrooms. Bedrooms that were inspected in winter had significantly higher
concentration of formaldehyde than bedrooms that were inspected in other seasons ( P <0.001) but the benzene—series concentration
had no significant seasonal difference. Among bedrooms that were inspected 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.
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‘m .
(pgem™) )
1.3
b ) 454 409 (90. 1%)
( ANOVA) ( ) . 21.5
) pgem 110.7 pgem ™,
P <0.05 60 wgem’;
P< >100 pgem ™’ 0.7%.
0. 05 P
<0.1 (P<0.001):
SPSS 17.0 (1.
1 /p,g'm’3
Table 1  Overall concentrations of formaldehyde in childrens bedrooms/pugem -3
n ( /%)) +
25% 50% 75%
409 (90.1) 21.5+13.0 6.8 12.3 19.6 27.5 110.7
118 (90.8) 20.4 +£10.3 9.2 12.3 17.6 27.1 73.2
110 ( 86.6) 19.7 £17.9 6.8 9.7 11.6 22.1 110.7
92 (88.5) 19.2£12.6 6.8 11.5 18.3 23.2 109.7
89 (95.7) 27.7 +5.8" 12.8 25.8 27.5 28.2 53.0
1) P <0.001
358(78.9%) 33.9
ngem 200
14 pgem . (
91.6%; 1(0.3%) 72.1 pgem ).
| 4- (757. 4 (P=0.621);
pgem ) (186.9 pgem ™). ( 2).
3
2 /pugem 3
Table 2 Overall concentrations of 2 ( benzene—series) in children’s bedrooms/pgem -3
n( /%) *
25% 50% 75%
358 (78.9) 33.9x72.1 <1.oD" 8.3 14.7 30.4 770. 1
88 (67.7) 29.2 +48.8 2.0 7.5 13.8 30. 1 335.4
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
86 (92.5) 42.4 +£95.8 0.2 8.8 20.6 33.0 770. 1
1) LOD: limit of detection
; 1995 4
>20 m’ (P <0.05):
; 1996 ~2005 ;



588 39
2
(P<0.01):
3 &
Table 3 Associations of indoor formaldehyde or the benzene series with building characteristics
/;_Lg'm'3 /p,g'm_3
n( /%)) + n( /%)) +
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
203 (51.4) 21.0£11.6 20.3 19.2 19.3 27.2 170 (49.9) 29.6£44.3 32,0 24.4 32. 26. 1
1~5 179 (47.9) 22.614.8 19.6 21.2 18.6 28.1 160 (49.5) 41.2 £96 21.8 43.1 30.4 51.2
=6 195 (52.1) 20.5«11.6 19.7 18.6 19.9 26.7 163 (50.5) 29.2 +44.9 33, 22.0 29.5 27.3
54 (13.6) 24.8 +18.1 14.0 23.6 22.5 30.4 49 (14.4) 40.7 £76.5 103.1 41.6 27.9 46.9
2~5 161 (40.8) 19.8 £11.3  19.5 15.8 16.5 27.1 146 (43.0) 36.3+91.5 14.6 34.1 36.0 51.2
=6 122 (30.9) 22.2+13.3  21.2 23.2 22.1 25.8 98 (28.8) 31.6£52.5 34.8 29.4 31.8 21.1
58 (14.7) 21.8+11.1% 18.2 22.2 18.3 28.7% 47 (13.8) 27.4+£37.1 28.8 37.1 18.2 29.0
1995 67 (18.8) 23.8+15.3 19.4 26.8 22.5 25.2 58 (19.1) 38.8+73.2 49.8 17.3 57.6 43.9
1996 ~ 2000 82 (23.0) 20.3+10.6 20.5 15.9 18.8 29.4 73 (23.9) 38.7+68.3 41.6 53.5 18.3 29.1
2001 ~2005 131 (36.8) 23.1+16.1 21.9 21.0 21.1 29.9 108 (35.4) 23.1+33.1 14.5 25.2 29.6 24.9
2006 76 (21.4) 17.8 +8.1° 17.7 15.4 16.9 25.9% 66 (21.6) 41.9+84.1 27.3 69.8 29.4 57.7
/m?
4 ~10 62 (15.4) 21.3+£16.0 20.0 16.8 23.7 27.6 54 (15.5) 27.9£50.6 43.2 25.7 20.1 22.0
11 ~15 225 (56.0) 21.7+13.4  21.7 20.5 16.4 28.4 189 (54.3) 39.9+£90.9 24.8 47.1 32.2 52.9
16 ~20 98 (24.4) 20.9 £10. 1 19.2 17.4 21.1 26.2 88 (25.3) 24.7+32.6 259 14.2 27.3 31.0
>20 17 (4.2) 22.3+11.9  16.0 26.8 26.7" 21.6 17 (4.9) 43.1+£54.4 441 33.3 60.8 20.5
/m?
<28 90 (22.1) 21.1£14.3 19.9 18.1 20.7 28.9 78 (22.1) 32.0+£56.1 36.6 26.6 26.1 43.1
28 ~34 102 (25.0) 19.9+9.6 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) # 0.05<P<0.1; * 0.01<P<0.05
4 b
Table 4 Associations of indoor formaldehyde or the benzene series with decoration materials
/pgem /pgem
n( /%) + n( /%) +
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
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
15 (3.8) 20.1 7.1 15.3 12.4 18.1 26.4 14 (4.1) 26.4 £24. 1 7.2 12.8 30.6 36.6
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
7(1.8) 21.8+11.2 22.5 21.2 NA NA 6 (1.8) 77.9 £152.2 9.8" 111.9 NA NA
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
66 (16.8) 21.8£9.8 24.1 12.7 17.9 28.0 47 (13.8) 46.2+£96.5 37.6 71.2 26.6 45.7
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
34 (8.6) 24.3+19.7 19.2 28.2 19.3 27.0 30 (8.9) 31.1£40.6 20.7 52.47 20.2 20.8
1) NA: no available ;¥ 0.01<P<0.05; ** 0.001 <P <0.01
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5 ~5
; (P <0.05)
>5
(P<0.1): 1
5
Table 5  Associations of indoor formaldehyde or the benzene series with lifestyle behaviors
/pgem /pgem 3
n( 1% ) + n( 1% ) +
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. 27.8 35.3
80 (21.0) 19.6+9.4 16.9" 16.2 20.4 27.2 76 (22.2) 43.3+106.6 29.0 53.0 47.8 62.5
252 (70.6) 21.8+13.6 19.8 20.2 20.0 27.6 229 (70.9) 30.1+56.0 28.3 35. 20.6 36.2
105 (29.4) 20.2+12.9 18.4 19.9 17.7 28.1 94 (29.1) 45.3 £106. 0% 28.6 44. 60.0™ 62.0
335 (85.5) 21.7+12.7 21.0 20.7 18.4 27.6 294 (86.2) 31.1+60.8 27.8 36.0 28.4 31.9
57 (14.5) 20.2+15.7 16,9 14.9 26.4 27.6 47 (13.8) 50.9 +122.0% 38.8 33.0 41.2 110.2"
()
0 175 (46.5) 21.0+12.3 19.8 19.1 17.8 27.3 152 (46.3) 36.9 £81.2  24.2 32. 27.7 63.4
1~5 115 (30.6) 20.9+12.6 22.1 18.8 17.6 27.7 100 (30.5) 35.5+79.4 30.9 36. 40.8 27.5
>5 86 (22.9) 22.6£14.3  16.3% 22.9 26.2" 27.4 76 (23.2) 28.7+49.2  41.6 39. 17.3  18.5
1) # 0.05<P<0.1
6
a
(21.5
-3 -3
pgem ) (33.9 pgem ™)
la ’
6 . 13 2003 3 19 ~26 .
~9 23
2 )
54.0, 108.0  388.0 pgem ’; 3
23
13 27
6 14~17 1 a
( 100 pgem”’ 200 pgem ) . ®
2012 1990
6

1995



590

39

: 1995
20 a)
)
1 2
).
(
6 .
29
)
30
(
10 12 h

30

(

Zhang Y P Mo J H Weschler C J. Reducing health risks from
indoor exposures in rapidly developing urban China ]
Environmental Health Perspectives 2013 121(7) : 751-755.

] 2016 46(6): 10-13.
Sun Y X HouJ Zhang Q N
of outdoor air rate of residential buildings in Tianjin J . Heating
Ventilating & Air Conditioning 2016 46(6): 10-13.
Weschler C J. Changes in indoor pollutants since the 1950s J .
Atmospheric Environment 2009 43( 1) : 153-169.
Yu C Crump D. A review of the emission of VOCs from
Building and

et al. Measurement and analysis

polymeric materials used
Environment 1998 33(6) : 357-374.
Wilke O Jann O Brodner D. VOC-and SVOC-emissions from

adhesives

in buildings ]

floor coverings and complete floor structures J .

Indoor Air 2004 14( S8): 98-107.

J . 2012 25(10):
1077-1084.
LiuXT Yan ML Duan HY et al. Characteristics of indoor
volatile urban residential

organic compounds in

microenvironments in China J . Research of Environmental
Sciences 2012 25(10) : 1077-1084.
Rumchev K Spickett ] Bulsara M
domestic exposure to volatile organic compounds with asthma in
young children J . Thorax 2004 59(9): 746-751.

Venn A ] Cooper M Antoniak M

et al. Association of

et al. Effects of volatile
organic compounds damp and other environmental exposures in

the home on wheezing illness in children J . Thorax 2003 58
(11): 955-960.



591

12

18

20

Mendell M J. Indoor residential chemical emissions as risk factors
for respiratory and allergic effects in children: a review J .
Indoor Air 2007 17(4): 259-277.

Huang C Wang X Y Liu W

quality and its associations with childhood asthma in Shanghai

et al. Household indoor air

China: on-site inspected methods and preliminary results J .
Environmental Research 2016 151: 154-167.
Maruo Y Y Nakamura J Uchiyama M. Development of
formaldehyde sensing element using porous glass impregnated with
B-diketone J . Talanta 2008 74(5): 1141-1147.

. NIST Chemistry Webbooks

I 2004 21(2):314-
316.

J. 2005 22(5):
356-358.
Wang C Zhang HZ Jiang R F et al. Study on the indoor air
levels of indoor formaldehyde and total volatile organic compounds

after decoration J . Journal of Environment and Health 2005

22(5) : 356-358.

I 2007 24
(10) : 782-783.
Zhang W G Hao S Huang P L et al. Time variation regularity
of TVOC in indoor Air in newly decorated houses J . Journal of
Environment and Health 2007 24( 10): 782-783.

I 2007 36(4): 473-
476.
Xu D Q Shang B Cao Z J. Investigation of key indoor air
pollutants in residence in part of the cities in China J . Journal
of Hygiene Research 2007 36(4): 473-476.

J . 2007 24(2): 81-83.
Chi X Shi Y Q Yan] et al. Dynamic change of formaldehyde
concentration in indoor air after newly decorated in Wuhan J .

Journal of Environment and Health 2007 24(2): 81-83.

I 2007 24(7): 505-
506.
Zhang G B Zhang ] Y Wang F' S et al. Dynamic changes of
benzene series level in indoor air in newly decorated houses J .
Journal of Environment and Health 2007 24(7): 505-506.
GB/T 18883-2002 S .

J. 2017 38(1): 1-
12.
Zhang Y X An J L Lin X

volatile organic compounds and health assessment of benzene

et al. Source apportionment of

series in  Northern suburb of Nanjing in Winter ]
Environmental Science 2017 38(1): 1-12.

VOCs J. 2017 38(3): 855-866.
Gao S Zhang K Gao S et al. Characteristics of reactive VOCs

21

22

23

24

25

26

27

28

29

30

species during high haze-pollution events in suburban area of
Shanghai in winter J . Environmental Science 2017 38( 3):
855-866.
. VOCs
J . 2011 32(12): 3537-
3542.
CuiHX WuY M Gao S et al. Characteristics of ambient
VOCs and their role in O; formation: a typical air pollution
episode in Shanghai urban area J . Environmental Science
2011 32(12) : 855-866.
I 2011 32(12):
3560-3565.
Zhou Y M Hao Z P Wang H L. Pollution and source of
atmospheric volatile organic compounds in urban-rural juncture
belt area in Beijing J . Environmental Science 2011 32(12):
3560-3565.
. voc
I 2004 34(6): 17-21.
LiNP Zhu KM Pan Y G et al. Field measurement and

analysis of indoor and outdoor VOC concentration for Changsha

residential ~ buildings ] Heating Ventilating & Air
Conditioning 2004 34(6): 17-21.

. VOCs
0, I 2016 37(2):
443-451.

Yang X X Tang L L. Zhang Y J et al. Correlation analysis
between characteristics of VOCs and Ozone formation potential in
summer in Nanjing urban district J . Environmental Science
2016 37(2): 443-451.
. VOCs
] 2016 37(10) : 3693-3701.

Liu D Xie Q Zhang X et al. Source apportionment and health
risk assessment of VOCs during the haze period in the winter in
2016 37(10): 3693-

Beijing J . Environmental Science

3701.

J. 2017 38(3): 845-854.

Liang X M Zhang J N Chen X F et al. Reactivity-based

anthropogenic  VOCs emission inventory in China ]
Environmental Science 2017 38(3): 845-854.
] 2009 26(3): 253.

ZhangY P MoJH LiY G et al. Can commonly-used fan—
driven air cleaning technologies improve indoor air quality? A
literature review J . Atmospheric Environment 2011 45(26) :
4329-4343.
D .
2012.

] 2008 25(10) : 935-937.
XuZ ] PiDH LinAlJ
Formaldehyde by plants: a review J .

and Health 2008 25(10): 935-937.

et al. Purification of indoor air

Journal of Environment



