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The indoor environmental quality in a building is one of the most important conditions that guarantee people's 

work and life. Indoor air pollution has become a burning issue that needed to be settled now. To grasp the 

emission law of indoor fine particles and drill down the control technology for chemical pollutants in the house, 

this paper traces a field survey on how the airborne pollutants will diffuse and what they will have an impact on 

air quality in the residential buildings. An experiment is also conducted on 100 new buildings randomly chosen 

as samples to trace and measure the concentrations of chemical pollutants in the houses, so that the 

relationship between the concentration of chemical pollutants and measurement schedules is built herein. 

Then, further analyze the change law of concentrations of fine particles. It is found by experiments that the 

concentrations of benzene and its series in the residential houses rise up rapidly after the room is filled with 

furniture, but roughly remains constant after 100 days of test. The results from experimental analysis help plot 

an indoor air quality decision tree to provide the clues to improving indoor air quality and reducing health 

threats. 

1. Introduction

Fine particles refer to those whose aerodynamic equivalent diameter is less than 2.5 μm in the environment 

(Logue et al., 2011). Fine particles feature minor equivalent diameter, large specific surface area, strong 

activity, easy to adsorb toxic and hazardous substances, long transport distances and long dwell time in the 

air, as well as severe detriment to human health. In particular, they attack the human cardiovascular system 

and respiratory system more strongly (Kagi et al., 2007; Aranyi et al., 1986). The chemical composition of 

particles is also more complex and can be divided into three layers both inside and outside: the innermost 

layer includes organic and inorganic carbon, polycyclic aromatic hydrocarbons and other components 

generated during the combustion process; the interlayer has industrial emissions, soil and metals and trace 

elements generated during the combustion, e.g. silicon, zinc, copper, iron, and platinum, etc.; while in the 

outermost layer, there are water-soluble ion components generated by chemical reaction of gases such as 

SO2, NOx and NH3 (Yinet al., 2015; Ishimoto et al., 2014). These components are easily digested as toxic and 

harmful substances to accumulate in the body and cause organs to appear local inflammation, and even 

endanger human health and life (Alaves et al., 2013). 

In recent years, many countries in the world have been seriously polluted by fine particles, and these in the 

atmosphere have become the primary pollutants in many cities and countries (Zhang et al., 2012). Fine 

particles in the air can enter the house by ways of penetration or fluxion, they will ruin the indoor environment 

and pose a threat to human health (Zhang et al., 2016; Ullah et al., 2011). The indoor environment in the 

building includes a series of physical conditions such as the heat and humidity, temperature, light, air flow, and 

chemical trace gases in the air. To improve the indoor environmental quality and fit the bill for people's 

comfort, it is compulsory to conduct the survey on how indoor chemical pollutants transmit in a law and how to 

reduce indoor pollutant concentrations, so as to improve indoor air quality (Veltman et al., 2009, Zhang, et al., 

2007; Holt, 2000). The available literature that involve the emission law of existing particles all focus on 

outdoor observation data. Most of the time, people work and have a rest in the houses, so that people are 

exposed to indoor pollutants more frequently. Chemical components, particle sizes and concentrations of 

indoor and outdoor air pollutants also differ a lot. In this sense, it is imperative to conduct a survey to find out 

what the emission law of chemical contaminants in the building seems (Skóra et al., 2016; Inamul, 2003). 
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2. Emission law of indoor chemical pollutants

2.1 Experiment method 

The concentrations of indoor pollutants are tested with a passive sampler. Activated carbon gas sample tube 

and 2,4-dinitrophenylhydrazine are used to absorb volatile organic compounds and benzene series in the 

indoor air. Among them, 10L formaldehyde is sampled at a flow rate of 0.5L/min, and then detected using gas 

chromatography. Benzene and xylene in the air should be collected using activated charcoal tube, and 

desorbed with carbon disulfide, separated by capillary column chromatography, and measured by a hydrogen 

flame ionization detector. At last, the retention time is qualitatively evaluated and the peak area is 

quantitatively analyzed; 10L benzene and xylene are sampled at 0.5 L/min, at the sample inlet temperature of 

200°C, the detector of 250°C, analyzed under chromatographic conditions: column temperature: initial 

temperature, 40°C, maintained for 4 minutes, and heating at a rate of 8°C/min up to 200 °C, maintained for 1 

min. 

2.2 Sample drawn 

A hundred houses are sampled in a city to trace and measure the chemical pollutants in the indoor air. Mainly 

test the air quality of the parlor and the master bedroom in the four new built houses for six months, and 

measure the formaldehyde, toluene and benzene series (ethylbenzene, xylene and styrene) in the indoor air 

of the remaining 96 houses. The basic conditions of the selected four houses are shown in Table 1. The 

furniture configuration factor in the table is the ratio of the area of the interior furniture to the floor area. 

Table 1: Situation of the selected houses 

Household number Floor arear(m2) Orientation Floor Furniture loading coefficient 

1 100.8 Southwest 23 0.433 

2 137 Northwest 20 0.443 

3 154 Southwest 19 0.432 

4 154 Southwest 15 0.503 

2.3 Emission model for indoor chemical pollutants 

Table 2: The main model of indoor chemical pollutant emission 

Model name Expression Type Application process 

First-order model R=M0ke-kr Experience Evaporation 

Second-order model R=R0/[1+(k/λ)τR0] Experience Evaporation and 

diffusion 

VB model R=hm(pvM/M0-C∞) Mass transfer Evaporation 

Double exponential 

model 

R=R1e-k1τ+R2e-k2τ Experience Evaporation and 

diffusion 

Power-exponent 

model 

R=a1b1e-b1τ+cf(τ+d)f-1 Mass transfer Evaporation and 

diffusion 

Numerical model 
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Mass transfer Diffusion 

The empirical models for the emission of chemical pollutants in the materials are relatively mature. Models are 

generally built based on mass transfer theory to play back experiment process and describe the emission of 

chemical contaminants in indoor materials. Nowadays, the most widely used models investigate the 

adsorption effect of various materials in the room and determine the double-exponential decay by regression 
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analysis, given the curve of the VOCs emission from most indoor materials (Ramlan et al., 2017). The primary 

model for studying indoor chemical pollutant emissions is shown in Table 2. 

The establishment of the above model lays a solid foundation for theoretical study on the emission and 

diffusion law of chemical pollutants in the building. Based on the above study, we test and theoretically 

characterize the diffusion process and the impact factors in the building, interspersing analysis of how degree 

different factors impact the concentration and the emission path of pollutants. 

3. Analysis of experimental results

3.1 Air pollutant concentration in four houses 

During the test, in No. 1, No. 2, and No. 3 houses, all the furniture are moved in on the 4th, 8th, and 19th days, 

respectively. For No. 4 house, inhabitant moves in a few of furniture on the 17th day, but in a lot of furniture on 

the 26th day after the test starts to run. Based on the above statistical data and the concentrations of indoor 

pollutants benzene and benzene series tested during each time frame, the relationship between the 

concentrations of airborne pollutants and the testing time in the parlor and the master bedroom of four houses 

is analyzed, as shown in Fig. 1 ~ 6. This experiment traces and tests the time points where pollutant 

concentration in four houses changes, further to find out more easily when the earliest occupancy time in new 

houses is allowed, so as to provide the clues to determining whether the living time is safety for people in the 

house. 
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Figure 1: The change of toluene concentration 

in the living room of 4 sets of residence 
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Figure 2: The change of benzene concentration 

in the main bedroom of 4 sets of residence 
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Figure 3: The change of toluene concentration 

in the living room of 4 sets of residence 
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Figure 4: The change of toluene concentration in 

the main bedroom of 4 sets of residence 
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Figure 5: The change of xylene concentration in 

the living room of 4 sets of residence 
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Figure 6: The change of xylene concentration in 

the main bedroom of 4 sets of residence 

Since the samples selected are new houses renovated concurrently, it is considered that the concentrations of 

pollutants are identical at the onset of the experiment. From data analysis graphics 1 ~ 6, we can see that 

chemical pollutants benzene, toluene, and xylene in four houses all have peaks. Although the concentrations 

of indoor benzene and benzene series vary from house to house before the furniture is moved in, they rise up 

rapidly, and then remain roughly constant after 100 days of test. Therefore, the study reveals that after the 

building is renovated, the safety requirements of people's occupancy will be met in 100 days after the 

renovation. 

3.2 Concentrations of benzene and benzene series in 96 houses 

The benzene and benzene series in the remaining 96 houses among the samples are measured and 

analyzed. The highest concentrations of formaldehyde, toluene, ethylbenzene, xylene, and styrene in the 

room reach 229.3μg/m3, 172.8μg/m3, 16.78μg/m3, 9.61μg/m3 and 12.04μg/m3, respectively, and other 

indicators (including detection rate, average concentration, top and lowest concentrations) are listed in Table 

3. 

Table 3: Concentration of indoor air chemical pollutants 

Detection 

index 

Detection rate 

(%) 

Maximum 

concentration (μg/m3) 

Minimum 

concentration (μg/m3) 

Mean concentration 

(μg/m3) 

Formaldehyde 93.8 229.3 2.34 57.97 

Toluene 94.1 172.8 0.27 9.21 

Ethylbenzene 51.5 16.78 2.21 3.89 

Xylene 42.7 9.61 1.25 2.47 

Styrene 17.9 12.04 1.95 3.92 
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The experimental results show that aldehyde, heptane, acetate butyl ether, nonane, α-pinene, pinene and 

other substances are also measured in residential houses, among which, the average concentration of 

acetaldehyde is 17.24μg/m3, the detection rates of remaining components are 3.5%, 4.7%, 3.1%, and 6.7%, 

respectively. There is a comparative analysis for the minimum, average, and maximum concentrations of 

indoor chemical pollutants tested in 96 houses, as shown in Fig. 7. 

As can be seen from the above figure, average concentrations of formaldehyde, acetaldehyde, heptane, 

toluene, and ethylbenzene are highest, they are all the main contaminants polluting indoor air in the house. 

3.3 Statistical analysis of survey results and physical truth 

Study shows that several factors such as schedules for decoration, construction completion, building 

construction area and household population have a great impact on the emission and diffusion of chemical 

pollutants in the building. In order to judge the indoor air quality and analyze the principal components that 

destroys the air quality, based on the theory of Operations Research, indoor air quality survey information 

(residential basic conditions) and test data are statistically analyzed using multivariate statistical analysis. 

Among them, test data includes toluene, formaldehyde, and indoor organic gaseous substances.  

The data sources and settings of the decision system are as follows: (a) Take the indoor organic gaseous 

matter concentration as the object when making the decision tree; (b) Use “Y” represent indoor smoking, “N” 

represent no smoking; (c) “Y” means wearing shoes indoors, “N” means no wearing shoes; (d) Indoor air 

quality is defined as “E”, very satisfied, “B”, relatively satisfied, and “G”, basically satisfied. The Weka software 

is used to plot out an indoor air quality decision tree for the buildings, as shown in Fig. 8. 
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Figure 8: Decision tree of Weka run result 

4. Conclusions

We deeply study the chemical pollutants in the indoor air of buildings that impairs people's lives and health, 

and bear out the emission and diffusion laws of them. Along with this, the decision tree as built herein 

measures the indoor air quality and analyzes principal components that spoil air quality. The main conclusions 

are drawn as follows: 
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(1) For newly built residences, the concentrations of benzene and benzene series in the residential houses 

vary, but rise up after there are a full of furniture, then roughly remain constant after the 100 days. Therefore, it 

is believed that the air quality in the houses will reach a safety level for people's residence in 100 days after 

the decoration of the building. 

(2) Analysis of pollutant concentration in the building unveils that chemical pollutants whose average 

concentrations rank top in the air come in turn the formaldehyde, acetaldehyde, heptane, toluene and 

ethylbenzene. These components are all tested as principal chemical pollutants in building houses. 

(3) Factors such as decoration schedule, construction completion schedule, building construction area and 

household population have a great impact on the emissions of indoor chemical pollutants. In the end, an 

indoor air quality decision tree is plotted out to provide the clues to improving indoor air quality and reducing 

health threats. 
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