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ABSTRACT 

 
The indoor air samples taken from 768 newly 

decorated rooms in Ningbo, Taizhou and Wenzhou 
between November 2014 and October 2016 were an-
alyzed to detect the concentration of formaldehyde, 
benzene, toluene, ethylbenzene and xylene. Mean-
while, the temperature, relative humidity and air 
pressure of those rooms were also recorded. The re-
sults showed that the formaldehyde concentration 
ranged from 0.000476 to 0.789 mg/m3, with the 
mean concentration of 0.136±0.116 mg/m3. 47.9% 
of the rooms exceeded the permitted formaldehyde 
concentration defined in Chinese national standard 
for indoor air quality (GB/T 18883-2002). Signifi-
cant positive correlations were found between the 
formaldehyde and temperature (r=0.358, P<0.01), 
humidity (r=0.128, P<0.05), and the significant neg-
ative correlation was found between the formalde-
hyde and air pressure (r=-0.291, P<0.01). The high-
est formaldehyde concentration was observed in 
June and July, which could be due to the high tem-
perature and humidity in these two months. The for-
maldehyde concentration in the drawing rooms and 
bedrooms was significantly higher than that of class-
rooms and halls. Besides, no positive correlations 
were found between the formaldehyde and benzene, 
toluene, ethylbenzene and xylene, suggesting that 
they might come from different sources.  
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INTRODUCTION 
 

The indoor air quality (IAQ) has attracted more 
and more public concern since people spend most of 
their time within the enclosed living space [1-6]. The 
poor IAQ is linked to sick building syndrome (SBS) 
[7]. On the other hand, due to the improved living 
standard, people pay much more attention to the in-
door decoration, especially in the developing coun-
tries. This could increase the exposure of humans to 

the air pollutants including formaldehyde, benzene, 
methylbenzene, ethylbenzene, dimethylbenzene, etc. 
Among the various pollutants, formaldehyde is of 
particular interest due to its abundance and adverse 
health effects [8]. The low level formaldehyde could 
provoke eye and throat irritation, chest tightness and 
shortness of breath. High-dose exposure to formal-
dehyde could lead to the acute poisoning, chronic 
toxicity and even cancer [9-10], hence it is classified 
as carcinogenic to humans (Group 1) by the World 
Health Organization. 

The indoor formaldehyde is connected with 
several indoor sources associated with the indoor 
decoration. For example, it can be emitted by the 
wood-based products used during the decoration, 
which is assembled with the urea-formaldehyde and 
phenol-formaldehyde resins. In addition, formalde-
hyde is also presented in the paints, varnishes and 
carpets [11, 12]. Chi et al. [13] reiterated that deco-
ration pollution was the primary indoor pollution 
within the first 12 months after decoration. To avoid 
the healthy risk of the formaldehyde, the Chinese in-
door air quality standard was issued in 2002, in 
which 0.1 mg/m3 of formaldehyde was considered 
preventive of negative effects on humans (GB/T 
18883-2002). However, there are still a large magni-
tude epidemiology studies showing the adverse 
health is associated with indoor air pollution in terms 
of morbidity and mortality. It is estimated that about 
110,000 people die from the indoor air pollution in 
China every year. Ningbo, Taizhou and Wenzhou, 
the three eastern coastal cities of Zhejiang province, 
are recognized as nouveaux riches regions in East 
China. The fast development of the economy in the 
last three decades has made people rich and eager to 
improve quality of their life. Lots of people there 
choose to promote the indoor decoration by using 
large quantities of building materials, such as wood, 
paints and wool products. However, this style of liv-
ing may aggravate the indoor pollution. Up to the 
date, several studies have been done to investigate 
the level and the emission source of indoor formal-
dehyde around the world [14-18]. However, it is still 
necessary to investigate the distribution characteris-
tics of formaldehyde in newly decorated rooms in 
these regions, which are identified as nouveaux 
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riches regions in the subtropical zone. As it is 
known, different lifestyles and meteorology condi-
tions can result in different distribution characteris-
tics of indoor formaldehyde. It is impossible to help 
the occupants escape from the negative health effect 
of indoor formaldehyde before the distribution char-
acteristics are figured out. 

In this study, 768 indoor air samples were taken 
from newly decorated rooms in Ningbo, Taizhou and 
Wenzhou city over two years. The concentrations of 
formaldehyde, benzene, toluene, ethylbenzene and 
xylene in the samples were determined. Besides, the 
correlation between the formaldehyde and sampling 
time, type of room, temperature, humidity, air pres-
sure, as well as benzene, toluene, ethylbenzene and 
xylene was also discussed to reveal the distribution 
characteristics of formaldehyde in the newly deco-
rated rooms. 
 
 
MATERIALS AND METHODS 

 
Sampling period and sites. 768 indoor air 

samples, collected between November 2014 and Oc-
tober 2016, were taken from the newly decorated 
rooms in Ningbo, Taizhou and Wenzhou city, which 
were three adjoining coastal cities located in 
Zhejiang province in China (Fig. 1). The three cities 
feature a subtropical monsoon climate, with a per-
manent population of 19,952,297 distributed over a 
31292 km2 land. Samples were collected between 
November 2014 and October 2016. The types of the 
rooms include the drawing room, bedroom, Hall, 
conference room and classroom.  

 

FIGURE 1 
Map of sampling location 

 

Sampling methods. The sampling was carried 
out according to the Standard of Indoor Environmen-
tal Pollution Control of Civil Engineering (GB 
50325-2010). Windows and doors were closed dur-
ing sampling. Samples were taken at a height of 1.5 
m above the floor. Formaldehyde was sampled at 0.5 
L/min for 20 minutes. After the sampling, both ends 
of the sampling tube were sealed, and samples were 
brought back to lab for immediate analysis. Benzene, 
toluene, ethylbenzene and xylene were sampled at 
0.2 L/min for 60 minutes using charcoal sorbent 
tubes. Samples were stored at -20 oC and analyzed 
within 48 h. Besides, the temperature, relative hu-
midity and air pressure were recorded during the 
sampling.  

 
Analytical methods. Formaldehyde was ana-

lyzed by the MBTH method through a UV-VIS spec-
trophotometer (GB/T 18204.26-2000). Benzene, 
methylbenzene, ethylbenzene and dimethylbenzene 
were extracted from charcoal tubes using 2 mL car-
bon disulfide. The solvent was transferred into GC 
vials and analyzed by a gas chromatograph (GC Ag-
ilent 7890A), which was equipped with FID detector 
using the capillary column (30 m×0.32 mm×1 µm, 
CD-WAS). Aliquots of 1.0 µL were injected into the 
capillary column. Injector and detector temperatures 
were set at 150 and 250 oC, respectively. Oven tem-
perature was programmed at 65 oC for 10 min and 
then 5 oC/min to 90 o

o
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Correlation between formaldehyde and the 
meteorological condition. As shown in Fig. 3(a), 
the formaldehyde concentration was significantly 
positively correlated with the room temperature 
(r=0.358, P<0.01). This result was consistent with 
the previous studies [13, 19, 21], which manifested 
that temperature played a key role in influencing the 
indoor formaldehyde. Formaldehyde is a volatile or-
ganic compound. A high temperature can facilitate 
the release of formaldehyde from the building mate-
rials. Zhang et al. [21] investigated the effect of tem-
perature on the emission parameter of indoor formal-
dehyde, and concluded that the increase of the tem-
perature could decrease the partition coefficient and 
increase the diffusion coefficient. 

The positive correlation was also found be-
tween the formaldehyde and relatively humidity 
(Fig. 3(b), r=0.128, P<0.05). As it is known, formal-
dehyde has a high solubility in water. The high mois-
ture in the air could induce the rapid absorption of 
formaldehyde, which will destroy the equilibrium 
between the building materials and adjacent air. It in 
turn promotes the emission of formaldehyde from 
the building materials. In other words, the increase 
of the humidity could decrease the partition coeffi-
cient and increase the diffusion coefficient of for-
maldehyde in building materials.  

Different from the temperature and humidity, 
the formaldehyde was negatively correlated with the 
air pressure (Fig. 3(c), r=-0.291, P<0.01). High air 
pressure is believed to be advantageous to the con-
vection of the indoor air. The increase of indoor air 
convection can help the indoor formaldehyde diffuse 
into a larger space. Therefore, the indoor formalde-
hyde concentration decreases.  

It should be noted that the absolute value of 
correlation coefficient between the formaldehyde 
and temperature, air pressure was far greater than 

that of humidity. This result suggests that the tem-
perature and air pressure play a more important role 
in influencing the indoor formaldehyde distribution, 
when compared with the relative humidity.  

 
Monthly variation of formaldehyde distri-

bution. As is shown in Fig. 4, the monthly formal-
dehyde concentration showed a unimodal distribu-
tion. The average formaldehyde concentration in 
June and July was 0.232±0.209 and 0.220±0.138 
mg/m3, respectively, which was significantly higher 
than other months (P<0.05). 75.0% of the samples 
collected in June and 84.8% of the samples collected 
in July exceeded the permitted concentration. The 
lowest average formaldehyde concentration was ob-
served in January, which was 0.068±0.038 mg/m3. 
20.5% of the samples collected in January exceeded 
the standard. This result is generally consistent with 
Guo et al. [15] and Weng et al. [4], which demon-
strates that the formaldehyde concentration in sum-
mer is significantly higher than that in winter. In 
Ningbo, Taizhou and Wenzhou, compared with the 
other months, June and July usually have a relatively 
high temperature, relative humidity and low air pres-
sure, while the meteorology characteristics are al-
most the opposite in January. The variation of the 
meteorological characteristic of each month results 
in the different distribution of formaldehyde. As il-
lustrated in this study, the high temperature, relative 
humidity, and low air pressure are prone to seduce 
the release of formaldehyde from the building mate-
rials. Therefore, high formaldehyde concentration 
was recorded in June and July, while the low formal-
dehyde concentration was recorded in January. That 
is, the intensified release of formaldehyde probably 
happens in the summer season for the newly deco-
rated rooms, which reminds us to pay more attention 
on the control of indoor formaldehyde pollution. 
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FIGURE 4 

Monthly variation of formaldehyde concentration 
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