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Abstract 

Air pollution is a health problem that causes many deaths. Respiratory disorder is one of the causes 

of death due to increased air pollution in the environment. One of the gases that damage the 

environment is Nitrogen dioxide (NO2). NO2 concentration can be produced from the combustion 

process, one of which is the result of combustion in the steel industry. The steel industry that is 

around the community will increase the risk of exposure to NO2. This study was conducted to 

determine the relationship of factors that influence the respiratory disorders that occur in adults 

around the steel industry. Variable respiratory disorders, the concentration of NO2, length of stay, 

BMI and a history of respiratory disease were tested using the chi-square test with p value <0.05 

means that these variables have a relationship. Respiratory disorders have a significant relationship 

with a history of respiratory disorders OR 3.69 95% CI (1.548 - 8.799). Although it turns out it is 

known that the NO2 concentration variable does not have a significant relationship with respiratory 

disorders with OR 0.765 95% CI (0.329 - 1.779), other than that the unrelated variable is the 

variable length of stay OR 1.179 95% CI (0.523 - 2.655), BMI OR 1,739 95% CI (0.754 - 4.01). 

In this study it was found that a factor that can cause respiratory disorder is a history of respiratory 

disorders in adults. 

Keywords : Respiratory disorder, Nitrogen dioxide, Adult population, Steel industry, Determinant 

factor. 

 

1. Introduction 

According to a World Health Organization (WHO) report, more than 6 million premature deaths 

each year can be attributed to indoor and outdoor air pollution1. It is estimated that in Austria, 

France, and Switzerland air pollution causes 40,000 premature deaths2. In the Russian Federation, 

about 4% of total deaths are caused by air pollution3. A study in Italy tested exposure to 

NOemissions2 in workers significantly related to lung function abnormalities as assessed by 

spirometry4. Nitrogen dioxide in high levels of exposure can damage the respiratory tract, 

otherwise contact with the skin or eyes can cause burns5. In Isfahan, Iran, 109 cases occurred due 

to the short-term health effects of NO2 which were presented as the total number of deaths from 

cardiovascular and respiratory diseases, inpatients due to COPD (chronic obstructive pulmonary 

disease) and acute myocardial infarction6. 

The main sources of NO2 emissions outside space include transportation, combustion processes 

and industrial activities. Emissions are generally the highest in urban areas7 8 9 10. One industry 

that has the potential to emit NOx emissions is the iron and steel industry. The use of fuel in the 

iron and metal (steel) industry will increase greenhouse gas emissions. Production activities in the 

iron and steel industry tend to go through processes with high temperatures with huge fuel 

consumption, consequently most of these processes are sources of NOx emissions, especially those 
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produced from equipment technology such as boilers and furnaces 11 12. Based on this, it is possible 

that exposure to NO2 in the environment and other determinant factors will have an impact on the 

health of surrounding communities in the steel industry. The purpose of this study is to determine 

the relationship of factors that can affect respiratory disorders in the community around the steel 

industry. 

2. Materials And Methods 

2.1.  Subjects  

Ninety-four adults aged 22 to 69 years were obtained by the proportion estimation formula. The 

criteria in this study are adults who have lived and been active around the steel industry for at least 

1 year. Their dwellings are categorized based on the distance of residence from the steel industry: 

short distances (<500 meters, n = 6), medium distances (500-100 meters, n = 22), long distances 

(> 100 meters, n = 68) with samples each radius uses proportional stratified random sampling. 

Before data collection and measurement are carried out, all adults must complete informed consent 

that determines their willingness to become a respondent. Data from interviews using a 

questionnaire adapted from the American Thorachic Society to see symptoms of respiratory 

disorders experienced.   

2.2. Anthropometric Data  

Obtained from measurements of body weight and height in adults. Weight is regulated in 

kilograms. Height is calculated in centimeters. The weight was measured using a floor weight scale 

and height was measured using a microtoise mounted on the wall. To find out the Body Mass 

Index (BMI) can be generated based on the calculation of body weight (kilograms) / height2 

(meters). 

2.3. NO2 Measurement 

Based on the Indonesian National Standard (SNI) the method of measurement is carried out by 

the Gries Saltsman method. The tool used for this method is spectrophotometry. The principle 

works is to absorb NO2 gas into the Griess Saltzman solution to form pink azo dye compounds. 

The concentration of the solution is determined by a spectrophotometer at a wavelength of 550 

nm. Measurements were made at a radius of <500 m, 500-1000 m and> 1000 m taking into account 

the existence of community settlements. 

2.4. Statistical Analyzes 

We analyzed data on health problems, NO2 concentration, length of stay, nutritional status and 

history of disease. A chi-Square test was used to analyze the relationship between variables. 

Significance value is determined if p-value <0.05. 

3. Result 

3.1.  Individual Characteristics 

It is known that the majority of respondents were 71 women (75.5%) with the majority being 

housewives. Most of the respondents are permanent residents who are older than 32 years as many 

as 49 people (52.1%). Distribution of the education level of respondents mostly had higher 

education of 67 people (71.3%) while having low education as many as 27 people (28.7%). In 

Tabel 2 it can be seen the demographic characteristics of adults that the average value of BMI is 

26.7 ± 4.81 which indicates that BMI is more in the abnormal category. 
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Figure 1 Overview of adult by Socio-Demographic Characteristics 

Tabel 1 Demographic Characteristics of Study Sample (Mean ± SD)  

Dimention Min Max Total Adult (N = 

94) 

   Mean ± SD 

Age (year) 22 69 32 ± 10.213 

Wheight (kg) 41 100 66.3 ± 13.2 

Height (cm) 144 175 157 ± 7.54 

Length of Stay (year) 1 65 23 ± 15.47 

BMI 17.1 38.0 26.7 ± 4.81 

 

3.2. Health Disorders 

Based on the American Thorachic Society (ATS) there are symptoms of respiratory disorders 

that can be used as a reference in the form of coughing, phlegm, shortness and wheezing. Each 

symptom is found in respondents not independently but in one respondent there is more than one 

respiratory disorder. Respondents are said to have respiratory problems if there is at least one of 

the symptoms of respiratory disorders experienced. Then it was found that the majority of 

respondents experienced respiratory distress that is as much as 54.3%. 
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3.3.  The Relationship of Determinant Factors to Respiratory Disorders 

Bivariate analysis between the independent variables and the dependent variables was carried 

out using thetest Chi Square. test was Chi Square performed on independent variables with 

categorical data and respiratory disorders as the dependent variable.   

Table 2 Results of Analysis Chi Square Distribution The concentration of NO2 in air, Day Stay 

(days/year), Length Of Stay (Year), Nutritional Status and History Respiratory in Desa with 

Respiratory Disorders 

 
No 

Variable 

Respiratory Disorders 
Total OR 

(95% CI) 
p Value Yes No 

N % N % N % 

1 Concentration of 

NO2 
     

   

 
≥ 0,026 mg/m3 

< 0,026 mg/m3 

17 

34 

50,0 

56,7 

17 

26 

50,0 

43,3 

34 

60 

100 

100 

0,765 

(0,329 – 

1,779) 

0,683 

 Total 51 54,3 43 45,7 94 100   

2 Length of Stay 

(Years) 
     

 
  

 
≥ 23 tahun 

< 23 tahun 

27 

24 

56,2 

52,2 

21 

22 

43,8 

47,8 

48 

46 

100 

100 

1,179 

(0,523 – 

2,655) 

0,850 

 Total 51 54,3 43 45,7 94 100   

3 Nutritional Status 

(BMI) 
     

 
  

 
Abnormal 

Normal 

34 

17 

59,6 

45,9 

23 

20 

40,4 

54,1 

57 

37 

100 

100 

1,739 

(0,754 – 

4,01) 

0,275 

 Total 51 54,3 43 45,7 94 100   

4 History of 

Respiratory Disease 
     

 
  

 
Yes 

No 

30 

21 

71,4 

40,4 

12 

31 

28,6 

59,6 

42 

52 

100 

100 

3,69 

(1,548 – 

8,799) 

0,005 

 Total 51 54,3 43 45,7 94 100   

 

3.4.  Relationship of NO2 Concentration with Respiratory Disorders 

Result of Chi Square test as shown in table 2 showed that there were 17 respondents out of 34 

respondents (50%) who were exposed to NO2 above the average NO2 concentration in Sukadanau 

Village experiencing respiratory problems. While among 34 respondents (56.7%) of the 60 

respondents who were exposed to NO2 below the average NO2 concentration in Sukadanau Village 

also experienced respiratory problems. Results of Chi Square test obtained p value = 0.683, it can 

be concluded that there is no difference in the proportion of respiratory disorders between 

respondents exposed to NO2 concentrations below the average or above the average 

NOconcentration2 in Sukadanau Village. 
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3.5. Relationship of Length of Stay (years) with Respiratory Disorders 

Results of the analysis of the relationship between length of stay (years) with respiratory 

disorders obtained that there were 27 (56.2%) of adult respondents who lived ≥ 23 years in 

Sukadanau Village had respiratory disorders. While among adult respondents who lived <23 years, 

there were 24 (52.2%) who experienced respiratory problems. Results of Chi Square test obtained 

p value = 0.850, it can be concluded there is no difference in the proportion of respiratory disorders 

between respondents who lived ≥ 23 years or <23 years. 

3.6. Relationship of Nutritional Status with Respiratory Disorders 

The results of the analysis of the relationship between nutritional status and respiratory 

disorders found that there were 34 (59.6%) of 57 adult respondents who had abnormal nutritional 

status experiencing respiratory disorders. Of the 37 respondents who had normal nutritional status, 

only 17 (45.9%) respondents had respiratory problems. Results of Chi Square test obtained p value 

= 0.275, it can be concluded that there is no difference in the proportion of respiratory disorders 

between respondents who have normal nutritional status and abnormal nutritional status. 

3.7.  Relationship of Disease History with Respiratory Disorders 

 Results of the analysis of the relationship between the history of illness and respiratory 

disorders obtained that there were 30 (71.4%) of 42 adult respondents who had a history of illness 

experiencing respiratory disorders. While 21 (40.4%) of 52 respondents who did not have a history 

of the disease had respiratory problems. Results of Chi Square test obtained p value = 0.005, it can 

be concluded that there is a difference in the proportion of respiratory disorders between 

respondents who have a history of illness and do not have a history of disease. From the results 

also obtained OR value = 3,690, meaning that adult respondents who have a history of disease 

have a 3,690 times higher chance of experiencing respiratory disorders compared with respondents 

who do not have a history of the disease. 

4. DISCUSSION 

4.1. Relationship of NO2 concentration with Respiratory Disorder 

NO2 concentrations can damage the epithelial cells due to oxidants, reducing the ability of cilia 

to prevent infecting organism, suppress alveolar macrophages and release of proinflammatory 

mediators13. Exposure to gas over several years can cause more respiratory complaints than short-

term exposure (3 months)14. However, we did not find a significant relationship between NO2 

concentrations and symptoms of respiratory disorder in adults around the steel industry. This result 

is in line with research conducted by Sakti (2012) in Bekasi City, Indonesia, that there is no 

significant relationship between NO2 concentration and respiratory disorders where the results of 

the analysis show a value of p > 0.0515. In other studies also found no significant association of 

NO2 concentrations of respiratory disorders symptoms16 17 18 19. However, in several studies it was 

found that there is a relationship between exposure to NO2 concentrations with respiratory 

disorders. As research conducted by Zhang (2011) shows a significant relationship, that NO2 has 

the greatest influence on deaths due to respiratory disorders20. This is possible because the 

concentration of NO2 is much lower at a distance of more than 500 meters from the steel industry, 

and the concentration of NO2 yet that exceed the quality standards set by WHO, so that significant 

effect of NO2 concentrations has been seen on the health problems. Besides respiratory disorders 
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can also be caused by many factors and disease agents. Therefore, further research with other 

factors is needed to determine the effect of NO2 exposure with respiratory disorders. 

4.2. Relationship of Length of Stay with Respiratory Disorders 

In this study the length of stay variable is a dichotomy variable consisting of two categories, 

namely more than 23 years and less than 23 years. Statistically, the variable length of stay showed 

no relationship with respiratory disorders in adults. In line with research from Trigunarso (2018) 

on the community around PT Semen Baturaja which states that there is no meaningful relationship 

between length of stay with potential respiratory disorders21. In contrast to the study of Zuskin 

(1995) who found a statistically significant relationship between long exposure to respiratory 

function disorders such as chronic cough, sputum, shortness of breath and chest pain22. 

The results of this study are not in accordance with the theory that the longer a person is exposed 

to a risk agent, the greater the risk of respiratory problems. The length of stay of respondents who 

are more than 21 years in areas where the air is polluted will increase morbidity, especially 

respiratory diseases14. The absence of a relationship between length of stay and respiratory 

disorders is possible because the length of stay is not accompanied by a large number of risk agents. 

The findings in the field show that although respondents have the same length of stay, one of the 

others has a different dose of risk agent exposure. The body's response to toxic chemicals besides 

depending on the length of stay can also be influenced by the amount of exposure23. In addition, 

length of stay is not a variable that can stand alone to influence the dependent variable, so there is 

the possibility of other variables such as a person's vulnerability, intensity of activities and others 

can contribute to increasing the risk of respiratory disorders in someone. 

4.3. Relationship of Nutritional Status with Respiratory Disorders  

Nutritional status in this study is based on the Body Mass Index (BMI) indicator of the ratio 

between body weight in kilograms and height in meters squared. Categorization of BMI based on 

the classification of the Ministry of Health of the Republic of Indonesia with BMI <18.5 and ≥ 25 

is categorized as abnormal and 18.5 - 24.9 is categorized as normal. Mungreiphy (2012) found that 

normal BMI impacts better respiratory health compared to people who have lower or higher BMI24. 

In another study it was also found that nutritional deficiencies cause respiratory muscle strength 

to be reduced and nutritional intervention can restore muscle ventilation function to normal 

levels25. 

However, in this study no relationship was found between nutritional status and respiratory 

disorders as investigated by Tolanggi (2014) who did not find an association between nutritional 

status and respiratory disorders in limestone mining workers26. Then in Liu's study (2017) also 

found no relationship between nutritional status and respiratory disorders in male and female 

students27. This is possible in this study the data on nutritional status variables are homogeneous 

or with low variations. Seen from the data of respondents with abnormal nutritional status with 

respiratory disorders have a difference that is not too much different from respondents who have 

normal nutritional status and do not have respiratory disorders. 

4.4. Relationship of Disease History and Respiratory Disorders 

The results showed a history of illness in respondents who had respiratory disorders as much as 

71.4%. The results of statistical analysis found a relationship between the history of respiratory 
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diseases with respiratory disorders (p value = 0.005). This research is in line with research 

conducted by Esha (2017) which shows that a history of respiratory disorders have a significant 

relationship to respiratory disorders that occur (p = 0.001)28. However the results of this study are 

not in line with the research of Clarissa (2010) which found no relationship between history of 

illness and respiratory disorders in gas station workers in Palembang29. 

The results of this study are in accordance with the theory that a history of disease that has been 

experienced can facilitate the supporting factors to bring back the previous disease. If the condition 

of the immune system is down and the presence of risk agents that affect the body it is possible to 

potentially re-create the risk of respiratory disorders that have suffered. This is because the history 

of respiratory disease is a possible factor in respiratory disorders30. The existence of someone who 

has a history of respiratory illness can worsen the presence of respiratory disorders that arise. 

History of this disease includes ARI, bronchitis, pneumonia, tuberculosis ever experienced by 

adult respondents. This is because members of the body that have previously been stricken with 

disease will cause resistance to the disease will decrease, in contrast to limbs that have never been 

stricken with the disease31.   

5.     CONCLUSION 

We found that the factors that influence the presence of respiratory disorders in adults are 

history of respiratory disorders. Apart from not exceeding the established quality standards, there 

is no relationship between the concentration of NO2 and respiratory disorders, it is possible for 

many other factors and other disease risk agents in the industrial area. Similarly, nutritional status 

and length of stay were found to be unrelated to respiratory disorders. Maintaining a normal 

nutritional status and living a healthy lifestyle may help prevent respiratory disorders. 
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