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Abstract: Recently, many researchers paid more attentions to the association between air pollution and
respiratory system disease. In the past few years, levels of smog have increased throughout China resulting
in the deterioration of air quality, raising worldwide concerns. PM2.5 (particles less than 2.5 micrometers
in diameter) can penetrate deeply into the lung, irritate and corrode the alveolar wall, and consequently
impair lung function. Hence it is important to investigate the impact of PM2.5 on the respiratory system
and then to help China combat the current air pollution problems. In this review, we will discuss PM2.5
damage on human respiratory system from epidemiological, experimental and mechanism studies. At last, we
recommend to the population to limit exposure to air pollution and call to the authorities to create an index
of pollution related to health.
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Background
Recently, with accelerated urban development and
modernization, air pollution is worsening and its impact
on human health has become a main research topic. Air
pollutants include gaseous pollutants and particle matters (PM).
The pathogenicity of PM is determined by their size,
composition, origin, solubility and their ability to produce
reactive oxygen. Studies (1) have shown that smog is
generally caused by high concentrations of fine particles
(particle size less than or equal to 2.5 btm, referred to as
PM2.5) or aerosols. It has been found that PMs with an
aerodynamic diameter smaller than 10 µm have a greater
impact on human health. One group of PM identified,
PM2.5, have small diameters, however large surface areas
and may therefore be capable of carrying various toxic stuffs,
passing through the filtration of nose hair, reaching the end
of the respiratory tract with airflow and accumulate there
by diffusion, damaging other parts of the body through air
exchange in the lungs. What’s more, adults exposed to other
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high levels of ambient air pollution, for example PM10 and
coarse particulate, also have shown increased prevalence of
respiratory disease.
Recently, a growing number of studies in toxicology,
epidemiology and other related fields have demonstrated
that respirable particles are closely related to the incidence
of human diseases and mortality rate. The “Harvard six
Cities Study”, published in 1996, revealed that PM2.5 was
one of the causative factors of human non-accidental death.
In this study, PM2.5 was positively related to daily morality
of humans, particularly the elderly (RR =1.5%, 95% CI:
1.1–1.9%) (2). The study provides evidence supporting
the linear relationship between non-accidental death and
PM2.5. Patients with respiratory diseases account for a
large proportion of these non-accidental deaths caused by
air pollution. Given that PM2.5 causes asthma, respiratory
inflammation, jeopardizes lung functions and even promotes
cancers, its impact on human respiratory system should not
be dismissed (3-5). In this review, we will discuss PM2.5
damage on human respiratory system from epidemiological,
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experimental and mechanism studies.
Epidemiological evidence of PM2.5 damage on
human respiratory system
After twenty years of epidemiological studies, scientists
have revealed a significant correlation between fine particle
pollutants and respiratory morbidity and mortality (6). A
report from the last century illustrated that increased PM
concentration in the air may directly lead to an elevated
morbidity and mortality of a population (7,8). In European
Union countries, PM2.5 decreased the average life span by
8.6 months (9).
After investigating 29 European countries, Analitis (10)
found that respiratory mortality increased by 0.58% for
every 10 µg/m3 increase of PM10. It was recently reported
that the prevalence rate of respiratory diseases increased by
2.07%, while hospitalization rate raised by 8% accordingly,
when the daily PM2.5 increased by 10 µg/m3 (11,12). This
study also reported that elevated air particle pollutants
were directly associated with more serious symptoms of
respiratory tract diseases, undermined lung function and
raised morbidity and mortality of cardiopulmonary diseases.
Furthermore, this correlation was more obvious in the
elderly, pregnant women, adolescents, infants, patients
with a history of cardiopulmonary problems and other
susceptible populations (13-15).
Scientists in Canada and the US found that long-term
exposure to PM2.5 significantly increased not only the chances
of cardiopulmonary problems but also the mortality of lung
cancers (16,17). Indeed a study conducted for 7 years (from
2000 to 2007) in the US indicated that the average life span
was extended by 0.35 years for every 10 µg/m3 decrease of
PM2.5 (18).
From the American Cancer Society, Pope and coworkers (19)
collected a set of data, based on 500,000 adults living in
large cities. They concluded that the overall mortality and
mortality of cardiopulmonary diseases as well as lung cancer
increased by 4%, 6% and 8%, respectively, for every 10 µg/m3
PM2.5 increase, after ruling out smoking, diet, drinking,
occupation and other risk factors. In addition, a cohort
study by the American Cancer Society tracked 1.2 million
American adults for 26 years [1982–2008] and found that
the mortality of lung cancer increased by 15–27% when
PM2.5 air concentrations increased by 10 µg/m3 (20). This
risk was even higher among patients with chronic lung
diseases. More strikingly, the results of 11 cohort studies
in Europe revealed that the population hazard ratio (HR)
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of lung adenocarcinoma was 1.55 (95% CI: 1.05–2.29),
for each increase of PM2.5 by 5 µg/m3 (21). In 2011, after
balancing smoking and other interfering factors, a study (22)
of 63,520 people from 6 regions in 3 states in Japan
demonstrated that a higher incidence of respiratory diseases,
in particular pneumonia, were closely related to long-term
exposure to particles in the air. Yadav et al. (23) revealed that
the morbidity of asthma, influenza and acute respiratory
tract infection increased notably during outbreaks of smog.
Compared with Western countries, research into the
hazard of PM2.5 in China began just 10 years ago. It has
been reported that PM2.5 mainly occurs in the BeijingTianjin-Hebei Economic Zone, the Yangtze River Delta,
the Pearl River Delta region, the three northeastern
provinces, the Sichuan Basin, and other densely populated
areas. It has seriously affected public health both physically
and emotionally.
Data from the program (http://stateair.net/web/
mission/1/) which tracks daily PM2.5 concentrations on the
grounds of the U.S. Embassy in Beijing in the winter months
from 2010 to 2014 showed that daily PM2.5 concentrations
exceeded 100 µg/m3 for more than half of the days and
reached as high as 744 µg/m3, more than 20 times the US
Environmental Protection Agency’s (EPA) 24-hour standard
for PM2.5 of 35 µg/m 3. Surveys in Beijing, Shanghai,
Guangzhou and other areas in China (24-29) displayed a
strong linear correlation between daily mortality (including
non-accidental death) and PM2.5 levels. In addition, the
daily mortality significantly increased with increased fine PM
concentration. A meta-analysis on the current dose-response
relationship of particle exposure and morbidity showed that
morbidity increased by 0.38% with each increase of PM10 by
10 µg/m3 (30). Using meta-analysis, Qian et al. (31) studied
the epidemiological literature published between 1995 and
2003. It was concluded that for every 100 µg/m3 increase
of PM2.5, the morbidity of residents increased by 12.07%.
The authors also showed that respiratory outpatient visits
increased during smog outbreaks (32). Therefore, the impact
of particles in the air on the human respiratory system is a
worldwide issue of concern.
Experimental evidence of PM2.5 damage on the
respiratory system
In animal studies, Phipps (33) exposed two groups of
mice to either air or cigarette smoke for 5 weeks. After
intratracheal injection of streptococcus pneumoniae,
bacteria counts in mice lungs after cigarette exposure were
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4 times in 24 hours and 35 times in 48 hours higher than
the control group, respectively. One study in China found
that air pollution could cause damage, lose and dysfunction
of rat tracheal cilia, resulting in infection and a declined
nonspecific immune defense, and that these mice were then
prone to secondary infection (34).
In addition, many studies have focused on the impact of
PM2.5 on alveolar macrophages. Jalava et al. collected air
particles from 6 cities in Europe and cultured them with mice
macrophages in vitro for 24 hours. The viability of alveolar
macrophages decreased significantly with a PM0.2-2.5
range from 300 pg/mL to 150 g/mL. Furthermore, alveolar
macrophages TNF-α expression increased with increased
particle concentration (35). Renwick et al. carried out
intratracheal instillation on rats with fine particles and
ultrafine particle suspensions (125 and 500 µg per rat,
respectively). A LDH cytotoxicity study indicated that the
viability of alveolar macrophages was severely damaged when
the fine particle concentration reached 500 µg per rat (36).
In another study, alveolar macrophages were harvested by
instilling PM2.5 suspension (300,750, 2,000, 5,000 µg per rat)
into the trachea of Wistar rats. The results indicated that
the phagocytize rate and phagocytic index were remarkably
lower with increased particle concentrations (37). Additional
study (38) has reported that PM2.5 significantly reduces
phagocytosis of alveolar macrophages both in vitro and in vivo.
Mechanism study of PM2.5 and human
respiratory system
Recently, the mechanisms of the damaging effects of PM2.5
on the respiratory system have been investigated including:
(I) Injury from free radical peroxidation: earlier
studies showed that the free radicals, metal and
the organic components of PM2.5 can induce free
radical production to oxidize lung cells, which may
be the primary cause of body injury (39-42). In
1996, Donaldson and Beswick, etc. reported that
the surface itself of environmental particles can
produce free radicals. In addition, that the PM2.5
surface was rich in iron, copper, zinc, manganese,
and other transition elements, as well as polycyclic
aromatic hydrocarbons and lipopolysaccharide,
etc. These components can increase free radical
production in the lung, consume antioxidant
ingredients and cause oxidative stress (39). Many
studies (43) have confirmed that the reactive
oxygen species (ROS) generated by particles,
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particularly by water soluble particles, produce
hydroxyl radical (• OH) by activating metals.
Hydroxyl radicals are the main factor causing
oxidative damage of DNA. When damaged DNA
is not effectively repaired in time, it can induce
teratogenesis carcinogenesis, mutagenesis and
other irreversible damages. Mehta et al. (44) found
that particles could not only damage DNA and
suppress DNA repair, but could also promote
the replication of damaged DNA fragments and
consequently prompt carcinogenesis;
(II) Imbalanced intracellular calcium homeostasis:
calcium is one of the important second messengers
that mediates and regulates cell functions both
physiologically and pathologically. Abnormally
high calcium concentrations activates a series of
inflammatory reactions, leading to inflammation and
cell damage. PM2.5 induces excessive production of
free radicals or ROS and decreases the antioxidant
capacity of cells, resulting in the peroxidation of
lipids on the cell membrane and the elevation
of intracellular Ca2+ concentrations. In addition,
increased intracellular Ca 2+ concentrations can
further elevate free radical or ROS production (45).
Brown et al. (46) showed that it is possible that
ROS-mediated regulation of intracellular Ca 2+
concentrations may be one of the mechanisms
of PM2.5-induced cell damages. Xing (47) also
indicated that cell apoptosis and necrosis were related
to over expression of Ca2+ -sensitive receptors;
(III) Inflammatory injury: it has been wildly reported
that PM2.5 is related to inflammatory cytokines
whereby it stimulates overexpression of a number
of transcription factor genes and inflammationrelated cytokine genes that cause inflammatory
injury. Sigaud et al. (48) found that PM2.5-induced
inflammation led to an increase in the number of
neutrophils. Gripenbäck et al. (49) reported that
exposure to pine dust caused an increase in the
number of eosinophils, T cells and mastocytes in
bronchoalveolar lavage fluid and in 2003, Gordon (50)
showed that PM2.5 and its microenvironment
influenced the phenotype and function of two
types of alveolar macrophages. The first of these
macrophages, known as M1 polarized alveolar
macrophage, is primarily induced by Thl-type
cytokines (IL-12, IFN-γ) and pathogens in the body
and promote inflammation. The second of these
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macrophages, M2 polarized alveolar macrophage,
is closely related to the Th2 type cytokines
(IL-4 and IL-13) and the immunomodulatory
cytokine (IL-10), which primarily inhibit
inflammation. It has been reported that human
alveolar macrophages treated with PM2.5
express high levels of M1-associated cytokines
(IL-12, IFN-γ) and low levels of M2-associated
cytokines (IL-4, IL-10 and IL-13) (51-53).
These results indicate that cytokines can both
induce neutrophil, T cell and eosinophil migration
to the lungs and other tissues, and on their
own, migrate to the lung, exhibiting higher cell
activities, releasing more inflammatory cytokines
and chemokines. The interactions between
inflammatory cells and cytokines can damage
lung cells synergistically. Consequently, the
mechanism of action of PM2.5 in the damage
to human health remains one of the primary
focuses of many current studies. Several studies
have illustrated how one single component of
PM2.5 can influence human health, whilst others
investigated the details of how an imbalance of key
inflammatory cytokines can lead to certain lung
diseases. Few studies have, however, investigated
the pathogenesis of PM2.5 as a whole. Integration
of the fragmented information from previous
studies will provide a great deal of knowledge in
the understanding of the harm to human health of
PM2.5.
Prevention of P M2.5 damage to the respiratory
system
Understanding how PM2.5 leads to respiratory diseases
will assist in preventing and diagnosing the corresponding
health issues and the evolution of more effective methods
and technologies for the treatment of PM2.5-induced
diseases. China is currently facing severe air pollution in
the transition phase of industrialization and urbanization.
Less than 1% of the 500 largest cities in China can meet the
air quality guidelines recommended by the World Health
Organization. Seven of these cities were ranked among
the ten most polluted cities in the world (54). There has
been mounting concern on the part of the government and
the population of China generally as to the consequences
of such high levels of air pollution, which are so high as
to greatly limit visibility. The high levels of pollution was
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related to the linearity of the health effects (55).
Consequently, controlling air pollution is an arduous
and long-term task. It is therefore proposed that the
following guidelines be in place to address increased PM2.5
concentrations and/or an increase in smog levels:
(I) Remain indoors, close all windows and doors and if
going outside, wear a qualified mask and minimize
the duration or intensity of outdoor activities;
(II) Sensitive populations (the elderly and those with
pre-existing cardiopulmonary problems) should be
more cautious of PM2.5 pollution and minimize
outdoor PM2.5 exposure;
(III) Patients with chronic cardiopulmonary problems
should increase their medication dosage and pay
close attention to their health to prevent severity of
their symptoms during an increase in smog;
(IV) As oxidative stress is one of the main pathogenic
mechanisms of PM2.5, taking antioxidant supplements
or nutritious food (for example, w-3 fatty acids in
fish oil);
(V) Chinese environmental authorities could launch a
“smog health index”, referring to the Canadian “air
quality health index” by Environment Canada (EC).
Such an index may instruct members of the public
to prepare early and correctly thereby minimizing
the health threats of smog.
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