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Abstract

Pollution of indoor and outdoor air has considerably been taken attention abroad as an 
important environmental problem, and there is sufficient evidence that exposure to out-
door air pollution causes lung cancer and other cancers. Therefore, the current situation 
of air pollution will be deeply discussed, and a portable environmental gas monitor inte-
grated by a variety of highly sensitive sensors will be developed for rapidly monitoring 
air pollution, which is able to provide scientific data for environmental pollution control. 
By this way, human beings are able to be far away from cancer caused by environmental 
pollution and its suffering.

Keywords: air pollution, portable environmental gas monitor, volatile organic 
compounds, toxic gases, metal oxide sensor, particulate matters, photoionization 
detector

1. Introduction

Cancer is caused by changes in certain genes that alter the function of our cells. Some of these 

genetic changes occur naturally when DNA is replicated during the process of cell division. 

But others are the result of DNA damage caused by environmental exposure, and these expo-

sures include toxic and harmful gases, repairable dust, chemicals, and radiation.

The air we breathe has been contaminated with a mixture of carcinogens [1–3]. We now know 

that outdoor or indoor air pollution has been acted as a major health risk [1–11] but also a 

leading environmental cause of cancer deaths. The risk of developing lung cancer is signifi-

cantly increased in people exposed to air pollution. Air pollution is a gas (or a liquid or solid 
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dispersed through ordinary air) released with a big-enough quantity to harm health of people 
or other animals, kill plants or stop them growing properly, damage or disrupt some other 

aspect of the environment (such as making buildings crumble), or cause some other kind 
of nuisance (reduced visibility, perhaps, or an unpleasant odor). Air pollution is predomi-
nantly caused by automobile exhaust, industrial and agricultural emissions, construction 
dust, chemical leakage, residential heating and cooking, as well as some pollution accidents 

(such as factory explosion, toxic runway and playground, etc.). It is uncertain to what degree 
air pollution contributes to cancer, but according to the largest study to date, more than 10% 

of lung cancers may be caused by air pollution. Moreover, experts have identified other ills 
caused by the air pollution, including an increased risk of asthma and heart disease.

It is generally known that a variety of harmful gases will be present in the air when air pol-
lution occurs, and if the harmful gases reached a high enough concentration, the air becomes 

very harmful to human health. When we talk about the harmful gases, there are dozens of 
different pollution gases in the air. In practice, about several different substances cause most 
concern, and these harmful gases are mainly sulfur dioxide, carbon monoxide, carbon diox-

ide, nitrogen oxides, volatile organic compounds (VOCs), ozone [12, 13], particulates [13–18], 

and so on. Therefore, let us talk about the sources of these toxic gases and their major dangers.

Carbon monoxide (CO): CO is mainly come from the incomplete combustion of C, such as 
automobile exhaust, coal combustion (especially coal-fired power plants and coal-fired sup-

ply heating system, etc.), fuel-burning appliance, and so on. It is well known that CO with 
high concentrations can directly cause death.

Carbon dioxide (CO
2
): CO

2
 is one of basic component of the atmosphere, just as the N

2
 and 

O
2
, and this gas is central to everyday life and is not normally considered as a pollutant. We 

all produce it when we breathe out, and plants such as crops and trees need to “breathe” it in 

to grow. However, CO
2
 with high concentrations can also directly cause suffocation or even 

death.

Sulfur dioxide: coal, petroleum, and other fuels are often impure and contain sulfur as well 
as organic compounds. When sulfur burns with oxygen from the air, sulfur dioxide (SO

2
) is 

produced. In the atmosphere, sulfur dioxide can be oxidized to sulfuric acid fog or sulfate 
aerosol, which is an important precursor of environmental acidification. There is a potential 
impact on the human body when the concentration of sulfur dioxide in the atmosphere is 
above 0.5 ppm, most people will begin to feel stimulated when the concentration of SO

2
 is 

over 1 ppm, and people suffer from ulcers and pulmonary edema and even death by asphyxi-
ation when the concentration is over 400 ppm. Sulfur dioxide has synergistic effects with soot 
in the atmosphere. When the concentration of sulfur dioxide in the atmosphere is 0.21 ppm, 
the concentration of smoke and dust is greater than 0.3 mg/l, the incidence of respiratory dis-

eases can be increased, and the condition of the patients with chronic diseases will deteriorate 

rapidly. Such as the London smog event, Maas Valley events, Donora smog, and other events 
were all caused by this synergistic effect.

Nitrogen oxides: nitrogen dioxide (NO
2
) and nitrogen oxide (NO) are pollutants produced 

as an indirect result of combustion when nitrogen and oxygen from the air react together. 
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Nitrogen oxide pollution comes from automobile exhaust and power plants and plays an 
important role in the formation of acid rain, ozone, and smog. Nitrogen oxides are also “indi-
rect greenhouse gases” because they contribute to global warming by producing ozone. 
Nitrogen oxides mainly damage the respiratory tract, and if people are living in this environ-

ment for a long time, people may suffer from delayed pulmonary edema and adult respira-

tory distress syndrome.

Volatile organic compounds (VOCs): these carbon-based (organic) chemicals evaporate easily 
at ordinary temperatures and pressures, so they readily become gases. That’s precisely why 

they are used as solvents in many different household chemicals such as paints, waxes, and 
varnishes. Indoor VOCs which are greatly harmful emit mainly from building and building 
fitment materials. Unfortunately, VOCs are greatly harmful and have long-term effects on 
human health, and they also play a role in the formation of ozone and smog. Therefore, it is 
necessary to investigate emission of VOCs and its controlling method.

Particulates: the particles can be deposited in the respiratory tract, lung, and other parts due 
to small size. The smaller the particle size of the PM is, the deeper the PM enters into the 
respiratory tract. It is well known that the PM with 10 μm diameter is deposited in the upper 
respiratory tract, the PM with 5 μm diameter can enter into the deep part of the respiratory 
tract, and the PM with diameter less than 2 μm can be easily penetrated deep into bronchioles 
and alveoli, which was easy to cause cancer and other diseases. Therefore, it is of great signifi-

cance to develop a rapid on-site detection technique for inhalable particles, which will be very 
conducive to the understanding of the formation mechanism of fog and haze. In cities, most 
particulates come from traffic fumes.

Ozone: some of the ozone near the ground comes from the upper layer of ozone, and some 
of the ozone comes from the soil, lightning, biological emissions, etc. These can be classified 
as “natural sources”, already in nature. The main cause of ozone pollution is “anthropogenic 
sources”. Coal, vehicle exhaust, petrochemical, and other pollutants (for example, NOx (nitro-

gen oxides)) will produce ozone and other NOx, which is called the two photochemical reac-

tion. Studies have shown that only 23% total ozone pollution occurred each year in the near 
ground layer comes from the nature’s own transport and as high as  48% total ozone comes 
from the photochemical reaction from NOx and other pollutants. It can be said that the con-

centration of ozone in urban areas depends mainly on the emission of motor vehicles exhaust. 
Ozone can cause great harm to the human body: ozone can damage lung function, stimulate 
respiratory tract, cause airway reaction, increase airway inflammation, and aggravate asthma. 
High levels of persistent ozone pollution may cause watering eyes, eye pain, headaches, and 
other symptoms, which can affect the respiratory and cardiovascular systems.

In this chapter, a portable gas monitor fabricated for rapidly monitoring air pollution was 
developed, and the systems consists of the following modules: an automated sampling device, 
multisensors-integrated sensing system, a signal acquisition, processing and display system, 
and a power supply. Finally, the proposed systems were used to monitor air pollution in vari-

ous environmental sites, such as industrial chemical plan, pesticide plants, printing and dyeing 

plants, pesticide plants, and so on. These environmental pollution data will be provided to the 
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local environmental monitoring department, and these data are very important for the purifi-

cation and treatment of the environment, so that we are able to avoid the high-risk air pollution 

and the cancers caused by air pollution.

2. Experimental details

2.1. The schematic of the minienvironmental gas system

In order to effectively monitor toxic and harmful gas in the air, a multisensor integrated into 
the portable system is proposed, and its structure diagram was shown in Figure 1. The system 

mainly includes the following parts: (1) automatic injection system, (2) purification unit for 
sample, (3) gas sensing unit (4), signal acquisition, output, and display unit, and (5) power 
supply. The sampling section mainly includes a sampling pipe and a sampling pump, in 

which the sampling pipe was inserted into pollutant source or possible leakage spots, and 

then, the sample was pumped and transported into the purification unit. The purification unit 
consists of sample filtration and sample drying, by which the particulate matters are filtered 
through a filter membrane with pore size of 0.22 μm made by PTFE material, and at the same 
time, moisture was absorbed and removed by the purifying material packed in chamber of 

the purification unit. After the sample has been purified, the sample was then transported 
into the sensor unit for target identification and concentration identification. The sensing unit 
is the brain of the whole system, which consists of a variety of highly sensitive sensors, and 

each sensor can accurately identify a component and detect its concentration. Moreover, in 

the system, we can choose sensor combinations according to different application areas (dif-
ferent kinds of harmful gas) because the environmental gases contain some of the harmful 

gases, such as O
3
, H

2
S, CO, NO

2
, NH

3
, SO

2
, formaldehyde, VOCs, and NO. Therefore, accord-

ing to the different applications, some different high sensitive sensors were integrated into 
the system, such as mini PID sensor, H

2
S sensor, SO

2
 sensor, NO sensor, NO

2
 sensor, NH

3
 

sensor, O
3
 sensor, and so on. The signal processing system mainly includes signal acquisition, 

processing, transmission, and display. An output signal proportional to the concentration 

was obtained from the sensor, after the signal was processed by high-accurate AD converter 

Figure 1. Schematic diagram of the portable gas monitor.
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and MCU, the types and concentrations of this contaminated gas were displayed by a mini 
PC or liquid crystal display (LCD).

2.2. Highly sensitive sensors

2.2.1. High performance of mini PID

A photoionization detector (PID) uses an ultraviolet (UV) light source to ionize gas molecules 
to positive and negative ions that can be easily measured with a detector. The PID is com-

monly employed in the detection of volatile organic compounds (VOCs) such as alkanes, 
alkenes, oxygenated hydrocarbons, and halogenated hydrocarbons, etc. VOCs mainly come 
from the following aspects: industrial stationary source, vehicle exhaust emission source, and 
daily life source. The PID detectors are able to detect traces gas with concentration of ppb 
level and provide an instant reading indicating whether gas is present, which makes PID 
sensors useful in go/no-go situations, where personnel are unsure of what threats they face.

In this work, a mini PID detector has been developed, which can be used to detect volatile 
organic compounds in the environment with high sensitivity. In order to improve sensitivity 
of the PID, a little ionization chamber with volume of 10 μl, which was made of polytetrafluo-

roethylene (PTFE), was proposed. Figure 2(a) shows a side view of the ionization chamber 
and the fabricated mini PID. Figure 2(b) indicates photo of the fabricated PID. The charac-

teristic of the fabricated PID was the little volume of the ionization chamber, dramatically 
reducing velocity of carrier gas (velocity of carrier gas was able to be reduced to less than 
10 ml/min). The proposed PID demonstrated high-detection performance (refer to Table 1) 

by effectively reducing background noises, external electromagnetic interferences, and the 
ionization chamber volume.

In this work, in order to accurately detect the concentration of the VOCs come from pollution 
source, the fabricated PID was integrated into the monitoring system.

Figure 2. (a) Schematic of the fabricated mini PID, (b) photo of the fabricated PID.
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2.2.2. High sensitivity sensors

In order to effectively monitor these environmental harmful gases (such as O
3
, H

2
S, CO, 

NO
2
, NH

3
, SO

2
, formaldehyde, VOCs, NO and so on), some highly sensitive sensors were 

selected to monitor these harmful gases, and the response characteristics of each sensor will 

be described as follows.

The H
2
S sensor based on electrochemical principles is able to detect trace concentrations 

below 10 ppb, and Figure 3 shows the responses to 200 ppb sample gases. The data indicate 

that the sensor has high resolution and good linearity, which is suitable for the analysis of 

trace gases in the environment.

The SO
2
, NO, and O

3
 sensor also based on electrochemical principles were able to detect 

trace concentrations, and Figures 4–6 show the responses to sample gases. These experiment 
results show that these sensors have high sensitivity and can be used to detect various pollu-

tion sources in ambient air.

The formaldehyde sensor responds to formaldehyde that are electrochemically active, and 

the bias voltage of +300 mV is optimum for formaldehyde; however, the sensor also responds 
to other VOCs under other bias voltage. If the formaldehyde needs to be detected with high 
precision, TVOCs needs to be tested at once and then eliminate its impact. Figure 7 shows the 

response of 3.8 ppm formaldehyde using the sensor.

Figure 3. Response to 200 ppb H
2
S using the H

2
S sensor.

Detection limit (for benzene) 1 ppb

Relative standard deviation (RSD) 0.5%

Baseline drift 1.0 × 10−13 A/30 min

Background noise Less than 1.0 × 10−13 A

Linear range (for benzene) 105

Table 1. A summarized performance of the fabricated mini PID.
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Figure 4. Response to 200 ppb SO
2
 using the SO

2
 sensor.

Figure 5. Response to 200 ppb NO using the NO sensor.

Figure 6. Response to 200 ppb O
3
 using the O

3
 sensor.
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Because of the basic principle of NDIR gas sensors, only the gas with asymmetric molecu-

lar structure can absorb strong infrared rays. Therefore, NDIR gas sensors can only mea-

sure SO
2
, NO, CO

2
, CO, CH

4
, and other molecules with asymmetric molecular structure. 

For O
2
, H

2
, N

2
, and other molecules with symmetrical molecular structure, the NDIR is 

incapable of action.

NDIR detectors are the industry standard method of measuring the concentration of car-

bon oxides (CO and CO
2
). Each constituent gas in a sample will absorb some infrared at a 

particular frequency (Figure 8 is the infrared absorption spectrum of CO
2
). By shining an 

infrared beam through a sample chamber containing CO
2
 and measuring the amount of 

infrared absorbed by the sample, the volumetric concentration of CO
2
 in the sample can be 

reported. Figure 9 shows the schematic diagram of the NDIR detector. In this work, a NDIR 
detector (Prime 2, purchased from Clairair Ltd.) was integrated for detecting the concentra-

tion of CO
2
.

In this work, a microfabricated metal oxide (MOX) detector based on SnO/SnO
2
/Au nanocom-

posite sensitive material was used to detect the CO gas. In order to increase conductivity of 
the sensitive material, SnO-doped sensitive material was proposed because of the low con-

ductivity of SnO
2
, which was able to greatly increase the activity of SnO

2
 sensitive layer. The 

sensitive film (nano-metric thickness) was fabricated, and the process was defined as follows, 
and a schematic representation of the whole structure is depicted in Figure 10.

First of all, a layer of SnO and SnO
2
 thin film deposited over the hotplate surface has been 

carried out by sputtering through a modified rheotaxial growth and thermal oxidation tech-

nique, and the thickness of the SnO and SnO
2
 thin film was 50 nm and 150 nm, respectively. 

Then, an extremely thin Au film with thickness of 5 nm was deposited over its surface to act 
as a catalyst and consequently increase SnO

2
 film selectivity. Finally, the release process (or 

suspension process) of the supported beam was shown as follows. A layer of photoresist with 

Figure 7. The response of 3.8 ppm formaldehyde.
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thickness of 2 μm was coated and patterned as an etch mask for silicon nitride. After the two 
layers of the silicon nitride were etched by the reactive-ion etching (RIE) technology, a deep 
reactive-ion etching (DRIE) process was utilized to remove the diffusion of silicon in the micro 
channels. Then, the supported beam was released through a silicon etch (using 40 wt% KOH 
solution at 80°C for 70 min). The chip size (refer to Figure 11) is 8 × 10 mm2 with an active area 

(for each of the four sensors) of 1 × 4 mm2, consisting of platinum resistor acting as heater. The 

sensor can detect CO with a detection limit of 0.1 ppm, and the resolution of the sensor can 
be less than 1 ppm.

Figure 8. Infrared absorption spectrum of CO
2
.

Figure 9. The schematic diagram of the NDIR detector.
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The particles can be deposited in the respiratory tract, lung, and other parts due to small 

size. The smaller the particle size of the PM is, the deeper the PM enters into the respiratory 
tract. PM is the leading cause of pneumoconiosis. Therefore, PM is especially harmful to 

humans, and its formation and monitoring should be paid special attention. In this work, 
optical method was used to monitor the PM, which monitors the change of light intensity to 

determine the average concentration of PM. Figure 12 shows the photo of the PM sensor and 

the working schematic diagram.

Figure 12. The PM sensor and the working schematic diagram.

Figure 10. A schematic representation of the sensor.

Figure 11. Photo of the MOX sensor based on SnO/SnO
2
/Au nanocomposite sensitive material.
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2.3. Integration of monitoring system

In this work, the gas hoods using polytetrafluoroethylene (PTFE) for packaging these sensors 
were fabricated, and then these sensors were integrated into the system. Figure 13 shows the 

photo of the portable system, in which the sample was transported by a mini pump and the 

power supply is a 12 V battery module. The data are processed through a high-resolution 24 
bit AD (ADS1256) converter and displayed by a LCD. According to the application areas, we 
can easily change the sensor module.

3. Results and discussion

Air pollution has considerably been taken attention abroad as an important environmental 
problem, and there is sufficient evidence that exposure to air pollution causes lung cancer and 
other cancers. Therefore, it is necessary to develop highly sensitive systems to detect harmful 

gases. In this work, several different sensors were integrated into a portable system according 
to different application areas. For example, the proposed system integrated with TVOCs, H

2
S, 

SO
2
, CO, O

3
, NO, CO

2
, and formaldehyde sensor was used for monitoring pollution sources, 

such as the automobile coating industry, chemical processing industry, furniture manufactur-

ing, oil refining, and chemical industry.

We selected a garage to monitor air pollution, it is well known that a lot of paint, gasoline, 

and lubricating oil was used at work, and a large amount of exhaust gas is emitted from the 

Figure 13. Portable environmental gas detection system.
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automobile; therefore, the component of the air is complex. In this work, the air pollution was 
monitored continuously using the proposed system. The testing cycle is every hour and 5 times 

in a row. Table 2 indicates the concentration of each component of the garage detected by the 

monitor.

As we can see from the monitoring data, the concentration of TVOC, SO
2
, H

2
S, formaldehyde, 

O
3
, NO, and PM are higher than their national standard in the auto repair factory. Obviously, 

these harmful gases will be harmful to health of workers if they work in such a “high pollu-

tion” environment for a long time, which will bring serious diseases and even cancer. In order 
to protect the health of workers, the air pollution need to be on-site monitored with high sen-

sitive; at the same time, the harmful gases also need to be removed till their concentrations are 
reduced to the normal allowed level, which the workers can freely breathe the air.

4. Conclusion

The existence of a number of toxic and harmful gases has greatly damaged people’s health. 
Therefore, real-time and high-precision detection of these gases is the primary basis for effec-

tive prevention of this pollution source, and the purpose of the elimination of these harmful 

gases can finally be achieved only through this high-precision detection technology. So that 
people can be away from cancer and be free breathing the air in the clean and blue sky.
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#1 #2 #3 #4 #5

TVOC (ppm) 5.524 5.461 5.556 5.270 5.353

H
2
S (ppm) 0.564 0.556 0.578 0.489 0.486

SO
2
 (ppm) 0.802 0.813 0.882 0.916 0.925

CO (ppm) 0.135 0.118 0.167 0.185 0.201

CO
2
 (ppm) 578 586 592 597 620

O
3
 (ppm) 0.225 0.186 0.175 0.216 0.228

NO (ppm) 0.102 0.125 0.118 0.102 0.128

Formaldehyde 1.068 1.025 1.086 1.164 1.125

PM 2.5 (μg/m3) 230 243 241 236 230

Table 2. The concentration of each component in the garage detected by the monitor.
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