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Abstract
Background: Air contamination inside the building causes respiratory inflammation and increases NO 
sputum levels that cause changes in parking staffs’ lung physiology.

Objective: To analyze the correlation between NO sputum level and lung physiology of indoor parking 
attendant.

Method: This research was conducted at the Toserba oceans in Tasikmalaya West Java, Indonesia with a 
sample of 40 people. Twenty indoor parking attendants as an exposed group and 20 administrative officers 
as a control group. Sputum NO and lung physiology were examined in both groups. The measurement of NO 
sputum level was using Griess method and lung physiology was by spirometry of brand of Fukuda.

Results: The mean of NO sputum level in the exposed group was 4689.75 ± 6778.452 and in the control 
group was 485.25 ± 307, the mean of NO level was obtained a significant difference between exposed 
group and control group (p = 0.009). The results of lung physiology examination in both exposure and 
control group from% FEV1,% FEV1 / FVC showed significant differences (p <0.05). While% FVC did not 
show a significant difference (p> 0.05). The result of the Pearson correlation test showed a strong positive 
correlation between NO sputum level and lung physiology of indoor parking attendant (r = 0.461 with p 
<0.041).

Conclusion: There was a correlation between NO sputum level and lung physiology of indoor parking 
attendant.
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Introduction
The World Health Organization (WHO) estimates 

that urban air pollution contributes about 800,000 deaths 
each year and disability of around 4.6 million every year 
worldwide. The burden is uneven that about two-thirds 
of the deaths/years occur in developing countries in 
Asia1.

In the 1990s, many epidemiological studies 
reported the adverse effects of air pollution on health 
2. Environmental factors play an important role in the 
development of respiratory diseases. The presence of 
various particles and gases from vehicle emissions such 
as carbon dioxide, carbon monoxide, sulfur, benzene, 
lead, nitrogen dioxide and black smoke have a role in the 
pathogenesis of the respiratory disease. Toxic chemicals 
and non-combustible gases resulting from motor vehicle 
emissions might cause respiratory tract irritation. In the 
long run, exposure to pollutants possibility leads to the 
occurrence of diseases such as asthma and bronchitis as 
well as the occurrence of lung physiological changes 3.

The results of research in several cities (Jakarta, 
Bandung, Semarang, and Surabaya) showed that motor 
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vehicles were the main source of air pollution. The 
problem of air pollution due to vehicle emissions has 
reached a worrying point, especially in big cities. Motor 
traffic is quite dense that could affect air quality, traffic 
density not only occur on the highway but also can occur 
in the parking lot due to increased motor vehicle users 
which ultimately affect the air quality in the parking lot 
4.

Based on several studies, air pollution might 
affect respiratory distress through reactive oxygen 
species (ROS) pathways. ROS could lead to respiratory 
tract cell to damage by inducing apoptosis (cell 
programmed cell death) and cell necrosis that will 
enhance the proinflammatory cytokine mediator and 
some chemokines including tumor necrosis factor alpha 
(TNF-α) and interleukin-8 (IL-8). This process could 
ultimately lead to decreased lung physiology function 
5, and plays an important role in various lung diseases, 
including asthma and chronic obstructive pulmonary 
disease (COPD) 6.

Nitric Oxide (NO) is a short-lived intercellular 
material that has been shown to be important in many 
biological functions including neurotransmission, 
defense systems, immune function, and inflammation. 
Pathophysiology of lung disease associated with NO. 
Previous research has shown that measurement of NO 
expiratory air concentration can represent non-invasive 
measurements of inflammation in the airways. In 
particular, NO expiratory air has been shown to be a 
marker associated with chronic cough symptoms, COPD, 
and asthma. Several studies have examined the effects of 
air pollution on subclinical inflammatory markers such 
as NO. In a longitudinal study in elementary school 
students aged 8-13 years found that exposure to black 
smoke, nitrogen dioxide (NO2), and particles smaller 
than 10 mm (PM10) was associated with an increase 
in NO expiratory air. Pollutants are also associated 
with decreased peak expiratory currents and increased 
inflammatory markers in nasal lavage samples 6.

Based on some evidence that mention of NO plays 
an important role in respiratory tract physiology and 
become an indicator of inflammation. Previous research 
examined levels of NO sputum of asthma patients whose 
results were higher compared with controls 7. Normal 
NO value of sputum was 502 μm / L with standard 
deviation 414 8. The half-life of NO in the tissue is very 
short (about 1-5 seconds), the direct NO test is not easy 
to do so the examination was performed indirectly using 

Griess reaction 9.

The parking attendant, especially those working 
in closed rooms (Indoor) that are not equipped or not 
functioning air ducts so the vehicle exhaust gas will 
accumulate in the parking space, consequently affect 
the respiratory system. In research conducted by 
Almaditya to the parking attendant, the obstruction was 
obtained 80% and restriction 85%. Based on the above 
background, this research will be examined about the 
correlation of NO sputum level with lung physique of an 
indoor parking attendant.

Method
The subjects of this research were indoor parking 

attendants and the Tasikmalaya Ocean General Store 
administration officers who fulfill the inclusion and 
exclusion criteria. The inclusion criteria consisted of 
ages 18 to 55 years, have worked at least 1 year, able 
and cooperative undergo the procedure of induction of 
sputum and examination of lung physiology. Exclusion 
criteria were subjects with a history of bronchial 
asthma, heart disease, diabetes mellitus, rheumatoid 
arthritis, pulmonary tuberculosis, lung tumors, Chronic 
Obstructive Pulmonary Disease, and pneumonia. 
Allergic rhinitis. Free from drugs that affect the levels of 
NO (antioxidant, vitamin C). Subjects who are willing 
to participate by fill out the informed consent sheet and 
sign it.

This research was conducted in the parking area 
of the indigenous seashores of Tasikmalaya oceans 
using cross-sectional design. The data were collected 
using questionnaires and physical examination, subject 
demographic factors (sex, age, height, weight, duration of 
work), thoracic photos, vehicle emission measurements, 
NO-induced sputum and lung physiology. Sputum was 
obtained by inhalation induction using 2 ml of NaCl 
solution 2 ml with ultrasonic nebulizer device until the 
solution was exhausted then subjects were told to cough 
sputum on the sterile pot which had been prepared. 
Sputum NO concentration using Sputum was centrifuged 
for 15 minutes at a rate of 3000 g, cell culture supernates 
obtained were included in an eppendorf tube and stored 
at -200C.

The pulmonary physiological examination was 
performed at the agreed time with a portable spirometer 
device of Fukuda Sangyo ST 75 brand. The examination 
was performed three times and the highest result was 
taken as the data to be analyzed. The values recorded are 
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FVC, FEV1 and FEV1 / FVC ratios. The measurement 
of vehicle emissions was performed by Air Quality 
Measurement System (AQMS). Measurements were 
made for at least 1 hour then recorded in report form. 
Automated monitoring equipment (AQMS), this 
equipment continuously monitor ambient air quality and 
produce the data that could set as needed. Parameters 
measured by this tool were carbon monoxide (CO), O3, 
PM10, NO2, and Sulfur dioxide (SO2).

The collected data were processed using SPSS 
(SPSS, Inc., Chicago, IL) with p <0.05. To analyze the 
correlation of NO sputum level with lung physiology 
used correlation statistic functioned to describe the 
relationship of NO content-induced sputum with indoor 
lung parking attendant physique. The test used was 
Pearson test and Spearman test.

Results
Characteristics of Respondents

Based on the length of the working period less than 
or equal to 10 years dominated by exposure group was 
90.00% and in the control group was 65.00 %. Based on 
smoking status in this study was dominated by smoking 
habit. In the exposure group, it consisted of 16 people 
smoking and in the control group consisted of 12 people 
smoking. Based on the abnormalities of lung physiology 
in this study was obtained more abnormal obstruction 
in the exposure group by 50%. While in the control 
group was 10%. Restriction and mixed abnormalities 
were not obtained in both groups of both exposed and 
control groups. Viewed from the abnormalities of lung 
physiology, there was a significant difference between 
the exposed group and the control group (p = 0.005) 
(Table 1).

Table 1. Measurement data of research subjects

Characteristics Exposed group (%) or Mean±SD Control (%) or Mean±SD

Sex
Male
Female

20 (100.00)
0 (0.00)

17 (85.00)
3 (15.00)

Job durations
≤ 10 year
> 10 year

18 (90.00)
2 (10.00)

13 (65.00)
7 (35.00)

Habit
Smoking
Un-smoking

16 (80.00)
4 (20.00)

12 (60.00)
8 (40.00)

Lung physiology abnormalities
Normal
Obstruction

10 (50.00)
10 (50.00)

18 (90.00)
2 (10.00)

Age 39.50±12.20 33.95±9.25

Years of service 6.40±2.43 9.95±6.97

NO Level 4689.75±6778.45 485.25±307.08

In the exposure group, it was obtained the youngest 
age was 21 years and the oldest was 55 years, while the 
control group obtained the youngest age at the age of 20 
years and the oldest age at the age of 53 years. Judging 
from age there was no significant difference between 

the exposed group and the control group (p = 0.113). 
In the exposed group, the shortest working period was 
3 years and the longest working period was 11 years, 
while in the control group, the shortest working period 
was the age of 2 years and the longest working period 
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of 28 years. The mean of the subjects was obtained a 
significant difference between the exposed group and 
the control group (p = 0.038; Table 1).

Comparison of Lung Physiology

The comparison of % FVC based on the smoking 
status of the exposed group was The mean FVC% of the 
non-smoking group was higher than the smoking group, 
but the t-test at % FVC has obtained a p-value of 0.262. 

The comparison of % FEV1 based on the smoking status 
of the exposed group. The mean of % FEV1 group that 
was not smoking is higher than a smoking group but, the 
T-test at % FEV1 yielded p-value = 0.454. Comparison 
of % FEV1/FVC based on the smoking status of the 
exposed group. The mean FEV1/FVC% of the non-
smoking group was higher than the smoking group, but, 
the t-test at % FEV1/FVC yielded a p-value of 0.944 
(Table 2).

Table 2. Comparison of lung physiology based on smoking and group status

Groups
p 

Smoking status
p

Exposed Control Non-smoking Smoking

%FVC 121.40±13.17 129.30±11.96 0.054 126.50±7.93 120.13±14.09 0.262

% FEV1 106.45±15.99 118.35±12.84 0.013 111.75±14.17 105.13±16.57 0.454

%FEV1/FVC 75.15±5.43 83.45±6.25 0.000 75.25±1.70 75.13±6.06 0.944

Discussion
The average age of subjects was 37.56 years, but 

no significant correlation was obtained between age and 
lung function impairment 10. Based on smoking status 
dominated by smoking habits. In the exposure group, 
it consisted of 16 people smoking and 4 people did 
not smoke, while in the control group consisted of 12 
people smoking and 8 people did not smoke. This was 
in accordance with previous research consisting of 57 
people who smoke and 46 people who do not smoke 10.

There were abnormal lung abnormalities in the 
exposure group by 50% and in the control group by 
10%. The results of previous research have obtained 
the decreased vital capacity of lung parking attendant 
in closed parking with r = 0.518 11. This study was 
inconsistent with previous research that only obtained 
7.9% of the subjects lung abnormalities and the rest 
of normal lung physiology 10. Based on the smoking 
status in this study, more obstruction abnormalities were 
obtained in the exposed group (50%). While restriction 
and mixed abnormalities were unfound in both study and 
exposure groups 12.

The results of this study according to Regulation of 
Minister of Manpower and Transmigration No.Per.13 / 
MEN / X / 2011 About Threshold Value Physical and 
Chemical factors in the workplace and the public health 

guidelines of the city of Illinois on indoor air quality 
parameters that do not meet the required quality standards 
are high levels of Sulfur Dioxide (SO2) by 0.68 mg/Nm3 
and PM100.05μg/Nm3 in the indoor parking lot 13. The 
result of measurement of vehicle emission level in the 
indoor parking lot in this study above the air quality 
standard. Sputum NO concentration can be used as a 
marker of inflammatory processes in the airways such as 
asthma 12. Inflammatory processes can also be caused by 
pollutants such as vehicle emissions (CO, SO2, NO2, O3, 
PM10) being inhaled 13.

There was a decrease in both FEV1 in case group 
(3.1 L/sec) and FVC in case group (2.7 L/sec) than the 
control group (3.2 L / sec) 14. The changes in FEV1 
and FVC were not related to prolonged exposure to 
pollutants from vehicles after they were correlated with 
age, height, and level of cigarette consumption 15.

Currently, there no research that has been done 
to find the correlation between NO sputum and lung 
physiology of indoor parking attendant. In this study 
obtained NO sputum indoor parking officer significantly 
higher level than administrative officers. The result of 
ratio measurement (% FEV1/FVC) of indoor parking 
officer significantly lower than the administrative officer. 
We obtain 50% obstruction in indoor parking attendant 
and 10% in administration officer. This indicates that the 
higher the NO sputum level, the lower the ratio (% FEV1/
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FVC). The results were in accordance with the results of 
measurements of vehicle emission levels (SO2) of 0.68 
mg/Nm3 and PM10 0.05 μg/Nm3 in indoor parking above 
the quality standard causing irritation and inflammation 
of the respiratory tract, resulting in increased levels of 
NO sputum. Airway inflammation results in edema of 
the respiratory tract resulting in impaired pulmonary 
physiological disorders in the indoor parking attendant. 
Sputum NO level with APE value (Flow Peak Expiration) 
showed a decreasing trend so that the decrease of sputum 
NO concentration followed by an increase of APE value 
16. This means that the higher the NO sputum level, the 
lower the value of APE. in Osaka Japan, where there 
was a strong negative correlation between NO sputum 
level and airway obstruction (FEV1/FVC ratio) with r = 
-0.62 and p <0.001 17.

The obstacle of this study was the time required to 
examine all research subjects. The check should take at 
least 1 hour for each sample. In addition, data collection 
conducted on working hours of research subjects resulted 
in each research subject must alternately be served on 
the field when his colleagues underwent examination 
in this study. These barriers complicate the process of 
collecting research data, but the efforts undertaken to 
deal with it considered able to overcome the problem so 
that the data collection process can run well.

Conclusion
There was a correlation between NO sputum 

level and lung physique of indoor parking officer in 
Tasikmalaya oceanfront of West Java Province.
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