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Abstract

Indoor air quality has a direct impact on human health. Indoor air quality has
aroused great concern. This experimental study compares the effects of different wa-
ter humidification on the indoor particulate pollution characteristics, and analyzes
the mass concentration and the particulate number concentration distribution of
different sizes of particulates with time under each condition of the purified water
humidification, the tap water humidification and the cold boiled water humidifica-
tion in the office. The results show that under the three kinds of wetting conditions,
the concentration of the fine particulates is higher. More minerals are contained in
the tap water and the cold boiled water, so the two kinds of humidification have
more significant impact on indoor particulate matter. But the purified water humidi-
fication has nearly no significant effect on it. The calcium and magnesium ionic
compounds are partly removed after the water boiled, so the cold boiled water humi-
dification has less impact on the indoor particulate matter than the tap water humi-
dification. The mass concentration and particulate number concentration of the par-
ticle may also be affected due to the frequency of ultrasonic vibration.
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1. Introduction

Nowadays, people spend more than 80% of their time in room [1]. The particulate
concentration and particulate size distribution of indoor air have more significant im-

pact on human health. High particulate matter concentration in the air will damage the
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respiratory system [2], and cause cardiovascular disease and cancer [3] [4]. Mineral
particulates may lead to the damage of infant nerve development and neurological dys-
function [5]. Many studies have concluded that residents suffer the increase of morbid-
ity and mortality after a long-term or a short-term exposure in the atmosphere [6] [7]
[8]. The smaller the particulate size, the deeper part the particulate matter may enter
into human body [9]. The fine particulates with a diameter less than 2.5 um can enter
into the bronchus and other lower respiratory system, even into the lungs and blood
circulation system, then they are transported to all parts of the human body through
the blood circulation [10]. PM2.5 possesses larger specific surface area than PM10. It
can carry more toxic and harmful substances to the deeper parts of the body, which is
more harmful for the human health [11] [12]. Correlational researches show that
cooking, cleaning and smoking are the main pollution sources in the residential build-
ings [13] [14] [15].

A recent study showed that coagulation phenomenon occurred in the fine particu-
lates with the indoor relative humidity increasing. The greater the relative humidity
was, the coagulation phenomenon was more obvious [16]. But, the effect of different
wetting water quality on indoor particulate matter is rarely reported. If the wetting wa-
ter has different quality, the particulates entering the air may have different level. The
pollution characteristics and dynamic changes of indoor particulate matter in different

water quality need to be studied.
2. Experiment on the Effect of Humidification on the Pollution
Characteristics of the Particulate Matter

2.1. Experimental Scheme
The experiment is carried out in an office on the third floor. The area of the office is

about 39 m? as shown in Figure 1. There are four windows on south side (outside) and

a door on north side (interior). All the furniture in the office is wooden.
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Figure 1. Schematic diagram of experimental site and measuring point.

1792

K
0:52: Scientific Research Publishing



Y.F.Gaoetal.

The humidification experiment is conducted in winter under three humidification
modes of tap water, cold boiled water and purified water. Each humidification experi-
ment lasts two hours and they keep the same humidification capacity. In the experi-
ment, the sampling point (A) is located in the center of the room according to the di-

agonal principle. The height is 0.8 m from the ground [17].

2.2. Experimental Apparatus and Measuring Method

The particulate mass concentration of PM1, PM2.5 and PM10 is measured by the intel-
ligent dust detector. The particulate number concentration of 0.3 - 1.0 pm, 1.0 - 2.5 pm
and 2.5 - 10 um is counted by the laser particulate counter. The indoor relative humid-
ity is tested by the multi-function parameter. A set of test data are recorded in every
five minutes.

The intelligent dust detector and the laser particulate counter are placed in parallel
on both sides of the sampling point. The ultrasonic humidifier is used to humidify the
indoor air. It is placed on the desk from the sample point of 2.3 m at the same height.

The schematic diagram of experimental site and measuring point is showed in Figure 1.

3. Experimental Results and Discussion

3.1. Variation of Indoor Relative Humidity under Different
Humidification Conditions

Each humidification experiment lasts two hours and they keep the same humidification
capacity.

Figure 2 shows the change of indoor relative humidity with time under the three
conditions of purified water humidification, tap water humidification, and cold boiled
water humidification. The growth trend of indoor relative humidity under the pure

water humidification is similar to the tap water humidification. Under the cold boiled
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Figure 2. Indoor relative humidity varying with time under the three
humidification conditions.
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water humidification, the initial value of the indoor relative humidity is lower, but at

the end of the humidifying, the indoor relative humidity under the three conditions is

nearly the same.

3.2. Variation of Particulate Mass Concentration under Different
Humidification Conditions

3.2.1. Change Curves of Mass Concentration of PM1, PM2.5 and PM10 with
Humidification Time under Different Humidification Conditions

The change curves of mass concentration of indoor PM1, PM2.5 and PM10 with humi-

dification time under the three humidification conditions are shown in Figure 3.
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Figure 3. Change of the mass concentration with different particulate size with time under three humidification conditions.
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Under the condition of the tap water humidification and the cold boiled water humi-
dification, the mass concentration of indoor PM1, PM2.5 and PM10 increases signifi-
cantly. But the particulate mass concentration keeps at a relatively low value and the
change of it is not obvious under the condition of the purified water humidification.
This may be because that there are rarely little minerals and aqueous impurities. The
mass concentration of the particulate matter increases slowly and smoothly under the
condition of the cold boiled water humidification comparing with that under the tap
water humidification. That is because that the calcium and magnesium ionic com-
pounds are partly removed after the water boiled.

The mass concentration of particulate matter increases and fluctuates greatly under
the condition of the tap water humidification. It may be due to the ultrasonic impact on

the particulate matter.

3.2.2. Effect on the Different Particulate Size Range under Different
Humidification Conditions

In order to further analyze the effect on the different particulate size range under dif-
ferent humidification conditions, the mass concentration of PM0.3 - PM1, PMI1 -
PM2.5 and PM2.5 - PM10 is compared under the three conditions. The change curves
of the particulate mass concentration with time with different particulate size range
under the three conditions are shown in Figure 4.

Under the condition of the purified water humidification, the mass concentration of
PMO0.3 - PM1, PM1 - PM2.5 and PM2.5 - PM10 has little change and fluctuates in a
small range.

Under the condition of the tap water humidification, the mass concentration fluc-
tuates greatly for the three particulate size ranges. The concentration of PM0.3 - PM1
increases the most obviously. But the fluctuation range of PM1 - PM2.5 and PM2.5 -
PM10 is much remarkable. This indicates that the tap water humidification has a sig-
nificant impact on the mass concentration of PM0.3 - PM1.

Under the condition of the cold boiled water humidification, the mass concentration
of PMO0.3 - PM1 increases sharply, the mass concentration of PM1 - PM2.5 grows slow-
ly and shows a downward trend at the late stage of the experiment, the mass concentra-
tion of PM2.5 - PM10 changes gently and has a larger increase after 95 minutes. Thus,
under the condition of the cold boiled water humidification, the change of mass con-
centration of PM0.3 - PM1 is the most obvious.

Figure 4 shows that PMO0.3 - PM1 is the dominated particulate matters in the three
kinds of humidification. Figure 4 also shows that the mass concentration of particulate
matter increases and fluctuates greatly under the condition of the tap water humidifica-
tion. It may be due to the ultrasonic impact on the particulate matter.

3.2.3. Changes of the Different Size Particulate Mass Concentration with Time
under Different Humidification Conditions

In order to further study the influence of three humidification conditions on the parti-
culate mass concentration of the same particulate size, the mass concentration with
time of PM0.3 - PM1, PM1 - PM2.5, PM2.5 - PM10 under the humidification conditions
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Figure 4. The change of the particulate mass concentration with time with different particulate size range under the three humidification

condition.

is compared in Figure 5.

Under the condition of the purified water humidification, the mass concentration of
PMO0.3 - PM1 has almost no change. Under the conditions of the tap water humidifica-
tion and the cold boiled water humidification, the mass concentration of PM0.3 - PM1
increases greatly. Under the condition of the tap water humidification, the mass condi-
tion of PM0.3 - PM1 increases remarkably. By analysis of the data under two humidifi-
cation conditions, the largest increase of the mass condition of PM0.3 - PM1 is 858
pg/m?® and 659 pg/m? respectively. It can be seen that the effect of the cold boiled water
humidification on the mass concentration of PM0.3 - PM1 is slightly less than that of the
tap water humidification. But it is more than that of the purified water humidification.
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Figure 5. Change of the different size particulate mass concentrate with time under the three humidification conditions.

Under the condition of the purified water humidification, the mass concentration of
PM1 - PM2.5 changes faintly. Under the condition of the tap water humidification, the
mass concentration of PM1 - PM2.5 has a larger fluctuation, and the maximum value of
412 pg/m® occurs at the 90th minute. It increases 402 pg/m’ compared to the initial
value. Under the cold boiled humidification condition, the mass concentration of PM1 -
PM2.5 slowly increases at first. The maximum value reaches 201 pg/m’ at the 90th
minute. It increases 192 pg/m?* compared to the initial value. This shows that the mass
concentration of PM1 - PM2.5 increases significantly under the tap water humidifica-
tion condition.

Under the condition of the purified water humidification, the mass concentration of
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PM2.5 - PM10 has no obvious change. Under the condition of the tap water humidifi-
cation, the mass concentration of PM2.5 - PM10 varies greatly. Under the condition of
the cold boiled water humidification, the mass concentration of PM2.5 - PM10 has a
minor fluctuation in the early stage of the experiment. And it does not increase ob-
viously. But at the 95th minute of the experiment, there is an abrupt increase, reaching
maximum value of 388 pg/m’. It increases 310 pug/m® than the initial value. From the
testing data, it can be concluded that the effect of the tap water humidification on the
mass concentration of PM2.5 - PM10 is significantly higher than that of the cold boiled
water humidification.

Comparing Figure 3 with Figure 5, the average concentration in each particulate
size range is significantly less than that of maximum size particulate, as the smaller size

particulate accounts for the major proportion.

3.3. Variation of Particulate Number Concentration under Different
Humidification Conditions

The variation of particulate number concentration with humidification time of PMO0.3 -
PM1, PMI1 - PM2.5 and PM2.5 - PM10 under the three humidification conditions is
shown in Figure 6.

From the number concentration distribution in Figure 6, we can see that PMO0.3 -
PM1 is the dominated particulate matter. PM0.3 - PM1 has the 8 or 9 orders of magni-
tude, but PM1 - PM2.5 and PM2.5 - PM10 only have 5 orders of magnitude.

It also can be seen that under the condition of the purified water humidification, the
particulate number concentration of PMO0.3 - PM1 has a slightly downward trend. Un-
der the conditions of the tap water humidification and the cold boiled water humidifi-
cation, the particulate number concentration of PMO0.3 - PM1.0 increases obviously.
The particulate number concentration increasing range of the tap water humidification
is much greater, reaching at 1.7 x 10°/m? after 120 minutes later, while it reaches at 1.1 x
10°/m? under the condition of the cold boiled water humidification. Thus, both the tap
water humidification and the cold boiled water humidification can make the indoor
particulate matter number increase sharply in a short time.

Under the condition of the purified water humidification, the particulate number
concentration of PM1.0 - PM2.5 has a small amplitude fluctuation, and the maximum
increase is only 1.1 x 10°/m®. Under the condition of the tap water humidification, the
particulate number concentration of PM1.0 - PM2.5 increases 3 x 10°/m? than the ini-
tial value at the end of the experiment, while the increase is 1.5 x 10°/m? under the con-
dition of the cold boiled water humidification. Under the three humidification condi-
tions, the particulate number concentration of PM1.0 - PM2.5 shows a downward trend
in different ranges.

Under the condition of the purified water humidification, the particulate number
concentration of PM2.5 - PM10 decreases more significantly. Under the condition of
the tap water humidification, the particulate number concentration of PM2.5 - PM10

fluctuates slightly. Under the condition of the cold boiled water humidification, the
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Figure 6. Change of the different particulate sizes number concentration with time under the three humidification conditions.

particulate number concentration of PM2.5 - PM10 declines slowly. At the end of the
measurement, the particulate number concentration of PM2.5 - PM10 decreases 1.7 X

10°/m?, 5.0 x 10*/m? and 1.1 x 10°/m? respectively under the three humidification con-

ditions.

All in all, under the two conditions of the tap water humidification and the cold
boiled water humidification, the particulate number concentration of PM0.3 - PM1.0
increases significantly, and the fluctuation is much larger than that of PM1.0 - PM2.5
and PM2.5 - PM10. Thus, the tap water humidification and the cold boiled water hu-
midification have the main effect on the particulate number concentration of PMO0.3 -

PM1.0.
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4. Conclusion

The humidification experiment is conducted in winter under three humidification
modes of tap water, cold boiled water and purified water. Each humidification experi-
ment lasts two hours and they keep the same humidification capacity. The testing re-
sults show that the indoor relative humidity under the three humidification conditions
is nearly the same at the end of the humidifying. Under the conditions of the tap water
humidification and the cold boiled water humidification, the mass concentration of
particulate matters increases dramatically. But under the condition of the purified water
humidification, particulate matters of each particle size have no obvious changes, and
the mass concentration is lower. Therefore, it is proved that the surge of particulate
matter under the conditions of the tap water humidification and the cold boiled water
humidification is mainly due to more minerals contained in the tap water and the cold
boiled water. The mass concentration of particles increases more slowly under the con-
dition of the cold boiled water humidification than that under the tap water humidifi-
cation. The reason may be that the calcium and magnesium ionic compounds are partly
removed after the water boiled. In spite of that, but the effect of the cold boiled water
humidification on indoor particulate matter still cannot be ignored. Under the three
kinds of wetting conditions, PM0.3 - PM1 is the dominated particulate matters in the
three kinds of humidification. The number concentration of the fine particulates is
much higher. The results also show that the frequency of ultrasonic vibration affects

both the mass concentration and the particulate number concentration.
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