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Introduction
Rapid economic development and urbanization in China over the 

last few decades has led to increased occurrence of haze air pollution in 
some regions, especially in North and Central China Plains, the Yangtze 
River Delta and the Pearl River Delta (PRD) [1]. A 52-year record 
between 1954 and 2006 showed that annual haze days in Guangzhou, a 
central city in PRD, increased rapidly from a few days annually between 
1954 and 1972, to remaining fairly constant 150 days annually since 1980 
[2]. Fewer than 1% of the 500 largest cities in China met the air quality 
standards recommended by the World Health Organization, and 7 of 
these cities were ranked among the 10 most polluted cities in the world 
[3]. Haze is an extreme episode of air pollution that is characterized by 
decreased visibility less than 10 kilometers and high concentrations of 
particulate matter (PM) and gaseous pollutants, of which PM (PM with 
an aerodynamic diameter less than 2.5 μm) is the major component [4]. 
Haze air pollution in China is mainly caused by coal burning, vehicle 
exhaust, industrial and road dust, smokestacks, and among others. 
These pollutants can reduce the atmospheric visibility by scattering and 
absorbing ambient light [5]. Photochemical smog, another component 
of haze, also affects the visibility as well as increases ambient levels of 
ozone (O ) [6]. Moreover, high ambient O concentration may increase 
the production of nitrogen dioxide which may absorb blue light in the 
air, making air appearance brown, hence reducing visibility [7].

Continuous haze weather has become a serious threat to sustainable 

development of China. More importantly, environmental and health 
problems related to haze have received considerable attention from 
the government and public [8]. In line with public concerns, a few 
studies have explored the health effects of haze exposure in China. 
For example, a previous study in Guangzhou showed that haze 
significantly increased mortality risk and this effect appeared to be 
dominated by particulate mass and modified by season and individual-
specific factors [7]. A recent study compared the number of cases of 
acute cardiovascular, cerebrovascular, and respiratory diseases in 
Beijing Emergency Center between 2006 and 2013, with haze data from 
Beijing Observatory showed that the average number of cases per day 
for all three diseases was higher on hazy days than on non-hazy days [9]. 
Another study examining short-term mortality risk during haze events 
in Hong Kong demonstrated that a regular hazy day (lag 0) had higher 
all-cause mortality risk than a day without haze [10]. Additionally, a 
time-series study reported that the mortality risk of haze and PM peaked 
on the second day and could last for three days [11]. The excess risk of 
haze at lag 0-2 days on total mortality, cardiovascular and respiratory 
mortality was 7.76%, 7.73% and 17.77%, respectively. Greater effects of 
haze air pollution were observed during the cold season than in the warm 
season, and the elderly were at higher risk compared to youths [11].
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Abstract
Haze air pollution with high levels of PM has frequently took place in many areas of China in the past few years. 

However, the health effect of shirt-term exposure to haze air pollution has not been thoroughly characterized. This 
study aimed to determine the acute effect of haze exposure on respiratory system of healthy adult subjects, specifically 
on airways and lung function. Thirty healthy adult subjects were recruited and airway inflammation and lung function 
alterations examined under control and haze air pollution (157.33 μg/m for mean concentration of PM ) conditions, 
respectively. Airway inflammation was assessed by sputum induction while lung function was measured using 
spirometry. It was shown that 24-h exposure to haze air pollution could increase the levels of inflammatory mediators 
including interleukin-6 (IL-6), IL-8, and tumor necrotic factor-α (TNF-α), as well as the percentages of eosinophils, 
neutrophils, and lymphocytes in the sputum (<0.05). In contrast, the proportion of macrophages in the sputum from 
haze-exposed subjects decreased significantly (<0.05). In addition, short-term exposure to haze could decrease forced 
vital capacity (FVC), forced expiratory volume in the first second (FEV ), vital capacity (VC), and maximum voluntary 
ventilation (MVV), but not FEV1/FVC. In summary, short-term exposure of healthy adult subjects to haze air pollution 
induces airway inflammation and lung function impairment.
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In contrast to previous studies on haze-associated morbidity and 
mortality, this study mainly focused on the subclinical inflammatory 
effects of haze air pollution on airways of healthy adult subjects 
since airway inflammation is a common and essential event in 
the pathogenesis of diverse lung diseases. Assessment of airway 
inflammation was performed using sputum induction. In addition, the 
impact of short-term exposure to haze air pollution on lung function 
was also evaluated using spirometry.

Materials and Methods Reagents
Dithiothreitol (DTT) and sodium chloride (analytically pure) 

were purchased from Sigma Company, USA. Enzyme-linked 
immunosorbent assay (ELISA) kits were obtained from Shenzhen Xin 
bo-sheng Biotechnology Company, China.

Subjects

The study subjects from Xinxiang Medical University, China, 
included thirty healthy nonsmoking college students (13 females and 
17 males; mean age 20 yrs). None of the subjects had a history of allergy, 
asthma or any other pulmonary diseases and none had experienced 
any respiratory tract infection in last 4 weeks prior to and during the 
study period. The protocol of this study was reviewed and approved 
by the Medical Ethics Committee of Xinxiang Medical University. The 
consent form was reviewed and signed by each subject prior to the 
examination. As a part of the screening procedure for participation in 
the study, all subjects were tested as to their ability to produce sputum 
on induction with hypertonic saline.

Study design

Self-controlled method was used in this study. Briefly, 30 healthy 
subjects were naturally exposed to two air pollution conditions (herein 
designated as control and haze condition), respectively, prior to sputum 
induction. In this study, the control condition referred to the condition 
under which mean concentrations of PM had been less than 75 μg/m
for a consecutive of five days just before sputum induction. Air quality 
under this condition was classified as “good” according to China 
Air Quality Index (AQI). In contrast, the haze condition specified 
in this study referred to the condition under which the 24-h mean 
concentration of PM was 157.33 μg/m before sputum induction. And 
prior to haze air quality had been “good” for a consecutive of seven days 
(to minimize the residual effects of previous haze exposure). In other 
words, the subjects were exposed to haze condition for approximately 
24 h before sputum induction.

Determination of ambient PM concentrations

Ambient levels of PM under control or haze condition were 
determined using a large-flow particle sampler (KC-1000, Qingdao 
Lao Mountain Electronic Instrument Company, Qingdao, China) 
located on the top of the Research Building on campus, where dorms, 
classrooms, and playgrounds were situated. Levels of ambient PM were 
monitored according to the guideline of Ambient Air Quality Standard 
from China’s Ministry of Environmental Protection. Quartz fiber 
filters (QFF) were provided by the sampler manufacturer and stored 
in a thermostatic drier and weighed 24 h before and after sampling 
for condition equilibrium. Levels of PM were calculated based on 
the difference in weights of QFF before and after sampling and the 
corresponding air volume.

Sputum induction

Sputum induction was performed after exposure of the subjects 

to control and haze condition, respectively, according to the protocol 
published previously [12]. In brief, the subjects were instructed to 
mouthwash with water. Sputum induction was performed by stepwise 
inhalations of 7 min each with increasing concentrations of sodium 
chloride (3%, 4% and 5%) in healthy individuals nebulized by an 
ultrasonic nebulizer (YHMED WH-2000, Guangdong, China). After 
mouth washing andblowing the nose again, individuals were advised 
to give a deep cough from the chest and without scraping the throat, 
and passively bring it past the throat into the sterile cup. Sputum was 
processed immediately. During the sputum induction, the FEV1 (force 
expired volume in one second) was monitored to make sure not fallen 
more than 10%. Otherwise the induction needed to be terminated.

Sputum processing

After careful isolation of sputum solid phase, total weight was 
determined and recorded. To homogenize the solid phase of the sputum 
samples by cleavage of disulphide bonds of mucin glycoproteins, two 
volume parts of sputolysin reagent containing 10 g/L DTT and 100 mM 
phosphate buffer solution (PBS, pH 7.0) were added. After vortexing 
briefly, the mixture was incubated at 37°C and vortexed every 10 min 
until the sputum was homogenized, in total no longer than 60 min. 
Then the digested sputum was filtered through a 48 μm nylon screen 
into a 15 ml centrifuge tube and then centrifuged at 2000 rpm for 10 
min to separate supernatant and cell pellet. The resulting sputum cells 
of the different inhalation steps (3%, 4% and 5% saline) were pooled 
and analyzed for differential leukocyte counts. Aliquots of sputum 
supernatant were collected and immediately frozen and stored at -80°C 
for future cytokine measurement.

Cell staining

The resulting cell pellet was re-suspended into PBS. For differential 
cell counts, slides were prepared using cytospins. After drying at room 
temperature, the cells were subjected to H & E staining. 400 cells were 
counted and the percentages of eosinophils (EO), neutrophils (N), 
lymphocytes (L), and macrophages (M) were calculated. Contamination 
of squamous cells was less than 10% in all samples.

Measurement of inflammatory mediators with ELISA

Levels of interleukin (IL)-6, IL-8, and tumor necrosis factor-α 
(TNF-α) in the supernatants of induced sputum were measured with 
ELISA following the manufacturer’s instruction.

Measurement of lung function
Pulmonary function tests were performed at the laboratory. 

Pulmonary function was measured with a Chestgraph HI-701 (Chest 
Co., Tokyo, Japan). While sitting, the subjects placed the respiratory 
apparatus in their mouths and inhaled and exhaled as much as possible. 
The spirometry was performed at least three times. The parameters of 
lung function included force vital capacity (FVC), FEV1, FEV1/FVC, 
vital capacity (VC) and maxmum voluntary ventilation (MVV). These 
parameters were expressed as percentages of the predictive values.

Statistical analysis

Data are presented as mean ± SD. Paired t test was performed 
to analyze the levels of inflammatory mediators, inflammatory cell 
numbers and lung function, with the overall α level set at 0.05.
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Results
Haze exposure increases levels of inflammatory mediators in 
airways of healthy subjects

Sputum induction was well tolerated by all subjects. As shown in 
Figure 1, short-time exposure to haze could induce significant increase 
in levels of inflammatory mediators including TNF-α, IL-6 and IL-8 
in sputum compared with control condition, implying that short-term 
exposure to haze could trigger inflammatory response of airways in 
healthy subjects.

Effect of haze exposure on inflammatory cells in airways of 
healthy subjects

As shown previously, short-term exposure to haze air pollution 
could induce the increase in inflammatory mediators. To corroborate 
this observation, we examined the effect of haze exposure on sputum 
cellularity. Differential cell counts in sputum of the subjects exposed to 
control and haze conditions are presented in Table 1. It was shown that 
haze exposure significantly increased the percentages of eosinophils 
(EO), neutrophils (N), and lymphocytes (L) in sputum compared 
with control. Intriguingly, haze exposure posed little effect on the 
percentage of macrophages (M). Overall, these results in combination 
of inflammatory mediator data indicated that short-term exposure to 
haze could induce airway inflammation of healthy subjects.

Haze exposure impairs lung function

Lung function is an objective marker of respiratory health and 
a predictor of cardiorespiratory morbidity and mortality [13]. The 

impact of short-term haze exposure on lung function was assessed 
using spirometry. As shown in Table 2, exposure of healthy subjects 
to haze air pollution resulted in decreased FVC, FEV1, VC, and MVV 
but not FEV1/FVC, implying that acute haze exposure could impair 
lung function.

Discussion
Haze air pollution episodes occurred frequently in many areas 

of China including Xinxiang, wherein this study was performed. The 
main composition of haze, namely PM, could enter and deposit on 
human airways. Long-term exposure to haze has been proposed to 
induce lung cancer [14]. In this study we examined the acute effect 
of haze on respiratory system and found that short-term exposure to 
haze air pollution could induce airway inflammation and impairment 
of lung function of healthy subjects. Our findings indicated that short-
term exposure to haze could irritate upper respiratory tract and cause 
nose and throat symptoms (Data not shown). The cause of this effect 
was assumed to be related to physical and chemical properties of haze 
since it was composed of various sizes of particles, chemicals and 
biological pollutants, and can interact with capillary-abundant mucous 
membrane through physical action or dissolved chemicals.

In addition to irritant effect, this study mainly investigated 
subclinical inflammation of airways in healthy subjects exposed to 
haze air pollution by means of sputum induction. Analysis of induced 
sputum results has shown them to correlate well with data obtained 
from bronchial wash and bronchoalveolar lavage [15,16]. Induced 
sputum has been proved to be valuable in evaluation of the airway 
effects of air pollutants including O [15] and nitrogen dioxide [17]. 
The results from this study indicated that haze exposure could increase 
the levels of IL-6, IL-8, and TNF-α in the supernatants of induced 
sputum, implying that acute haze exposure could induce airway 
inflammation. During the pathogenesis of inflammation, TNF-α can 
promote adherence of neutrophils and eosinophils to endothelial 
cells, facilitating their migration towards the inflammatory area and 
enhancing the cytotoxicity [18]. IL-8 is a member of chemokine 
family, it can attract a variety of inflammatory cells to infiltrate into the 
inflammation area. Thus, both TNF-α and IL-8 play an important role 
in the process of inflammation [19]. Meanwhile, IL-6 can strengthen 
the effects of all kinds of inflammatory mediators and prompt the 
aggregation of the inflammatory cells. These findings are similar to 
the results obtained from the previous study with sand storm, which 
showed increased sputum levels of TNF-α, IL-6 and IL-8 induced by 
sand storm [20].

Induced sputum cell counts provide a relatively noninvasive 
method to evaluate the presence, type, and degree of inflammation 
in the airways of the lungs induced by pro-inflammatory and anti-
inflammatory stimuli [21-25]. The cellular inflammatory response to air 
pollution in humans is the subject of current investigation and multiple 
studies have demonstrated that both O and endotoxin exposure 
augment the influx of neutrophils in the airway [26-28]. Previous 
study has showed that the subjects exposed to heavier air pollution had 
more increases in alveolar phagocytes, neutrophils, and lymphocytes, 
but not in eosinophils and bronchial epithelial cells [29]. In contrast, 

Group EO N L M
Haze 0.66 ± 0.31* 33.74 ± 5.29* 2.46 ± 0.34* 54.74 ± 4.81*

control 0.58 ± 0.27 31.02 ± 3.84 2.29 ± 0.25 57.18 ± 5.18
*Compared to control condition, P<0.05; Note: EO: eosinophils; N: neutrophils; L: 
lymphocytes; M: macrophages

Table 1: Percentages of inflammatory cells in sputum of the subjects exposed to 
haze or control condition (%).

Group FVC(%) FEV1 (%) FEV1/FVC VC(%) MVV(%)
Haze 101.14 ± 12.33* 99.20 ± 9.84* 0.99 ± 0.09 103.45 ± 10.90* 125.25 ± 14.65*

control 102.98 ± 11.97 100.92 ± 10.84 0.98 ± 0.06 106.81 ± 11.44 129.52 ± 14.42
*Compared to control condition, P<0.05

Table 2: Lung function of the subjects exposed to haze or control condition.

Figure 1: Haze exposure increases the levels of the inflammatory 
mediators in sputum of the subjects. The supernatants of induced sputum 
from healthy subjects (n=30) exposed to control and haze air pollution, 
respectively, were collected and subjected to measurement of inflammatory 
mediators with ELISA. *P<0.05, compared to control.
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in this study, we observed that haze exposure could increase the 
percentage of inflammatory cells including eosinophils, neutrophils, 
and lymphocytes in sputum of healthy subjects. Interestingly, the 
percentage of macrophages in sputum of haze-exposed subjects 
appeared lower than that in sputum of the same group of subjects 
exposed to control condition. The underlying mechanisms for haze-
induced cellular outcomes in airways remain to be determined.

Lung function, specifically FVC and FEV, is considered as one of the 
major and early indicators of respiratory and systemic inflammation, 
and associated with cardiorespiratory morbidity and mortality [30]. 
The various spirometric indices reflect airflow characteristics of 
different airways. In general FEV1 reflects the caliber of both large 
and small airways and is a reliable indicator of airflow limitation [31]; 
FVC reflects lung volume and is used to diagnose and monitor lung 
diseases; The FEV1/FVC ratio, also called Tiffeneau-Pinelli index, 
reflects expiratory power and overall resistance to air movement in the 
lungs. Previous epidemiological studies with adults have shown that a 
10 μg/m increase in PM was associated with a 3.4% decrease in FVC in 
a cross-sectional analysis, even after adjusting for cigarette use [32,33]. 
Higher concentrations of previous-day ambient PM were associated 
with approximately 20 mL lower FEV and FVC in nonsmoking adults 
in the Framingham Heart study [34], and long-term exposure to higher 
concentrations of PM (yearly levels) was associated with lower FEV and 
a faster rate of lung function decline [35]. In this study, we observed 
that haze exposure could cause modest decrease in FVC, FEV, VC, 
and MVV. It should be noted that though the absolute changes in 
lung function are of relatively low magnitude, prior research has 
shown that decreases in FEV are associated with all-cause mortality 
[36,37], and that lower lung function is associated with higher rates of 
cardiovascular disease [38,39]. In this study, we observed that short-
term exposure to haze posed minimal effect on FEV1/FVC, which 
may be due to short study duration, in which the lung presents potent 
compensatory function.

The precise mechanisms as to how haze may influence airway 
inflammation and lung function remain unknown. Studies have 
suggested that PM may mediate adverse health effects via the generation 
of reactive oxygen species [40-42], activation of cell signaling pathways, 
and alterations of respiratory tract barrier function and antioxidant 
defenses, all of which may lead to airway inflammation and changes in 
pulmonary function.

Conclusions
Haze air pollution is a mixture of diverse air pollutants, of which 

PM is a major component. Documented studies have investigated the 
association of haze exposure with mortality and morbidity risks. This 
study mainly investigated subclinical effects of short-term exposure 
to haze on healthy subjects. It was shown that exposure to haze 
could induce acute airway inflammation and reduce lung functions. 
Therefore, it is suggested that proper protection measures should be 
taken on haze days even for healthy people. Due to the complexity of 
air pollutant components in haze weather, the mechanisms of haze-
induced adverse effect remain to be elucidated.
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