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Abstract: The purpose of the research was to evaluate the effects of urban air 

pollution on respiratory morbidity in the industrial district of Kirkuk city, 

which has high industrial activity. The study population consisted of 150 

participants, with an age range of 18-65 years, and the majority were male 

(80%). Data were gathered in the form of environmental measurements of air 

pollutants, and health questionnaires, medical record reviews and 

pulmonary function tests. The findings revealed that the concentration of air 

pollutants was significantly high, with PM2.5 and PM10 levels exceeding the 

recommended limit, indicating a high environmental exposure. Respiratory 

diseases were also high in the study, with 48% having chronic respiratory 

symptoms, 38% had dyspnea, 29.3% had chronic bronchitis, and 25.3% had 

asthma.The statistical test showed that there is a significant correlation 

between high exposure to particulate matter and high risk of asthma (p < 

0.01). Pulmonary function tests showed that there was a significant decline 

in FEV1 and FVC in those people who were subjected to high pollution 

levels. The multivariate logistic regression analysis established that PM2.5 

exposure, smoking and industrial work are independent risk factors for high 

respiratory morbidity. The research concludes that respiratory health is 

under a severe threat from air pollution in industrial zones, and the 

environmental and health situation will need immediate intervention to 

minimize exposure and alleviate the disease burden caused by it. 

Keywords: Air Pollution, Industrial Regions, Respiratory Morbidity, Kirkuk 

City 

Introduction 

One of the most important environmental indicators for people's health is air quality. Air 

quality refers to the condition of the air in a specific area, particularly regarding the presence and 

concentration of pollutants. These contaminants, including gases and small suspended particles, 

directly impact the functions of respiratory organs and affect the whole population of a state or country 

[1]. The problem of air contamination meaning harmful substances present in the air is especially 

relevant to industrial regions. Factories, traffic, and other types of combustion-related emissions expose 

people to a constant, dense cloud of gases and small suspended particles [2]. 

It has been established through global research that chronic exposure to these pollutants is 

linked to higher incidences of chronic respiratory illnesses, including asthma, chronic bronchitis, and 

dyspnea and a steady decline in the state of lung functioning, which creates severe health and economic 

liabilities to the population [3]. 

Prematurely formed fine particles of PM2.5 and PM10 can go through the upper respiratory 

tract and into the alveoli, leading to chronic inflammation and tissue destruction. Also, the interaction 

between environmental pollutants and behavioural issues like smoking is a compounding factor which 

predisposes the risk of respiratory diseases [4,5]. Thus, research on the correlation between respiratory 

 

Citation:  Mahmood, I. W.  Urban Air 

Pollution Multivariate Analysis and 

Effect on Respiratory Morbidity in 

Industrial Regions. American Journal Of 

Biodiversity 2026, 3(4), 12-21. 

Received: 24th Feb 2025  

Revised: 10th Mar 2025  

Accepted: 20th Mar 2026 

Published: 04th Apr 2026 

  

Copyright: © 2026 by the authors. 

Submitted for open access publication 

under the terms and conditions of the 

Creative Commons Attribution (CC BY) 

license 

(https://creativecommons.org/licenses/b

y/4.0/) 

https://biojournals.us/index.php/AJB
mailto:irfan.w.mahmoud@tu.edu.iq


 

Irfan W. Mahmood. /Biojournal Vol 3 (4), April 

 

American Journal Of Biodiversity | 13  
 

morbidity and exposure to air pollution in the industrial areas is essential to determine the extent of 

risk and make preventive recommendations on how to reduce exposure and promote health among 

the population [5,6,7]. This paper will concentrate on the industrial district of Kirkuk city because the 

region has a high concentration of industrial activities and traffic and is thus an apt model to study the 

impacts of urban and industrial pollution on respiratory health. The research seeks to estimate the level 

of air pollution, the prevalence of respiratory illness in the residents, and the connection that exists 

between exposure and respiratory complications through descriptive, bivariate, and multivariate 

designs that will give a complete picture of how air pollution affects the health of people living in the 

industrial cities. 

 

Research Methods 

Study Population and Sample Size 

The participants in this study were 150 people living in the industrial district of Kirkuk city, an 

urban region, and one with high pollution levels as a result of industrial operations and heavy traffic. 

The participants were aged between 18 and 65, and both genders and various occupational groups were 

represented, such as industrial and non-industrial workers. 

Random sampling was used to select the participants to make sure that they represented 

various population groups and minimised selection bias. To make sure that the connection between air 

pollution exposure and health status is considered correctly, the inclusion criteria were that one should 

have lived long enough in the area, and people with severe non-respiratory chronic illness were not 

allowed to participate in the study to prevent the development of acute respiratory illnesses. 

Data Collection 

A multi-source approach was chosen as the method of data collection to gain the correct and 

full information about environmental exposure and health of the participants. 

Environmental measurements: The air quality monitoring devices were used to determine the 

levels of air pollutants in the research area. The levels of particulate matter (PM2.5 and PM10) and 

gaseous compounds like nitrogen dioxide (NO 2) and sulfur dioxide (SO2) were measured in several 

locations throughout the industrial district at various times to achieve a reasonable reflection of 

environmental differences [8]. 

Health data: Health data was gathered by use of the structured questionnaires, which 

contained demographic and behavioural data, and measurement of respiratory symptoms, including 

cough and dyspnea. Clinical diagnoses were checked by referencing the medical records. Spirometry 

was used to carry out pulmonary function tests to quantify indicators like the FEV1 and FVC, which 

offer an objective assessment of respiratory efficiency [9]. 

Examination Procedures 

All the environmental measurements and the clinical measurements were carried out 

according to standardised procedures to ensure the accuracy, reliability and reproducibility of the 

measurements. 

In terms of environmental monitoring, the air pollutant concentrations were determined by the 

air monitoring devices that were pre-calibrated as per the specifications of the manufacturer. 

Measurements were made at various pre-determined points in the industrial area where the devices 

were set at a height of about 1.5-2 meters off ground level, and it was necessary because it is the human 

breathing zone [10]. The data were collected at various times of the day (morning and evening) as well 

as on various days to ensure that temporal variation in the level of pollutants was taken care of. The 

parameters measured were particulate matter with aerodynamic diameter of ≤2.5 µm (PM2.5) and ≤10 

µm (PM10), and gaseous pollutants, namely nitrogen dioxide (NO2) and sulfur dioxide (SO2). The 

concentrations were measured in micrograms per cubic meter (µg/m3) [11]. 

Health evaluation was done in two consecutive stages. The collection of health data was based 

on structured interviews with the help of standardised questions specially designed to gather data on 

the problem in the first stage, under direct observation of the researchers to avoid biases and guarantee 

the completeness of the data. Basic physiological parameters such as respiratory rate and heart rate 

were also checked in accordance with the usual clinical practices. 
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The second phase involved testing pulmonary functioning with the help of spirometry 

according to international standards. The participants were advised to make a deep inhalation and a 

quick and vigorous expiration into the apparatus. Important parameters such as forced expiratory 

volume in one second (FEV1) and forced vital capacity (FVC) were measured [12]. Every test was to be 

repeated at least 3 times by the participant, and the best possible reading was to be chosen with 

reference to the quality criteria. 

Independent Variables 

Environmental and demographic variables that were believed to determine respiratory health 

were considered independent variables. Such variables were concentrations of air pollutants, including 

PM2.5, PM10, NO2, and SO2, which were considered the main indicators of environmental exposure 

[13]. 

The demographic and behavioral variables were age, gender, marital condition, education 

level, economic status and smoking status (current, former, or non-smoker). Occupation, particularly 

occupational exposure to pollutants in the industrial environment, was also taken into account. 

Dependent Variables 

Dependent variables encompassed health indicators of the respiratory system that were 

applied to determine the effects of air pollution. Among them were the occurrence of respiratory 

illnesses like asthma and chronic bronchitis, and the persistent cough, dyspnea, and wheezing, which 

were the chronic respiratory symptoms. 

Dependent variables provided were pulmonary function test results (FEV1 and FVC), which 

are significant variables to indicate the efficiency of the respiratory system and to identify any 

functional defects of the lungs in the participants. 

Statistical Analysis 

The data were analyzed with the help of descriptive statistics that provided the characteristics 

of the samples, chi-square tests, t-tests, and ANOVA that were used to investigate the differences 

between variables. The data were analyzed using multivariate logistic regression to ascertain the 

association between air pollution and respiratory diseases, and control confounding variables, odds 

ratios and 95% interval confidence were determined, and the significance level was set at p < 0.05. 

 

Results 

General Characteristics of the Study Sample 

The demographic particularities of the study sample were presented in the form of descriptive 

results following redistribution. The number of males (120 participants) and females (30 participants) 

also mirrored the ratio between males and females working in industrial regions (80 % and 20 %, 

respectively). The distribution of ages was fairly equal, and the prevalence of smokers was significantly 

high, especially amongst men and workers in factories. These features play a significant role in the 

interpretation of the correlation between exposure to air pollution and respiratory morbidity (Table 1, 

Figure 1). 

 

Table 1. Demographic Characteristics of Participants (n=150) 

Variable Number Percentage (%) 

Gender   

Male 120 80.0 

Female 30 20.0 

Age Group   

18–30 34 22.7 

31–45 52 34.7 

46–65 64 42.6 

Smoking   

Smoker 80 53.3 

Non-smoker 50 33.3 

Former smoker 20 13.4 
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Occupation   

Industrial worker 85 56.7 

Non-industrial 65 43.3 

 

 
Figure 1. Integrated Visualization of Study Population Characteristics 

 

Air Pollution Levels in the Industrial District 

The studies on the environment showed that the level of air pollutants in the research location 

was visibly higher than the global allowable levels, particularly that of particulate matter, which is 

regarded as one of the most dangerous pollutants to the respiratory system. These findings reveal that 

there is a high environmental exposure of the residents, which supports the study hypothesis with 

reference to the effects of pollution on the respiratory health (Table 2, Figure 2). 

 

Table 2. Mean Air Pollutant Concentrations 

Pollutant Mean ± SD Permissible Limit 

PM2.5 (µg/m³) 68.4 ± 15.2 25 

PM10 (µg/m³) 132.7 ± 28.6 50 

NO₂ (ppb) 41.5 ± 10.3 40 

SO₂ (ppb) 29.8 ± 8.7 20 

 

 
Figure 2. Combined Visualization of Air Pollutant Concentrations and Permissible Limits 
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Prevalence of Respiratory Diseases 

The findings showed that respiratory diseases were very prevalent among the study 

participants, and the most prevalent was chronic respiratory symptoms, followed by dyspnea and 

chronic bronchitis. This trend indicates the possibility of the effects of constant exposure to the air 

pollutants in the industrial district (Table 3, Figure 3). 

 

Table 3. Prevalence of Respiratory Diseases 

Disease Number Percentage (%) 

Asthma 38 25.3 

Chronic bronchitis 44 29.3 

Dyspnea 57 38.0 

Chronic respiratory symptoms 72 48.0 

 

 
Figure 3. Combined Visualization of Respiratory Disease Prevalence among the Study 

Population 

 

Relationship Between Pollution and Respiratory Diseases (Bivariate Analysis) 

According to the bivariate analysis, there was a strong correlation between high exposure to 

PM2.5 and high chances of asthma, which pointed to the direct impact of the mentioned pollutants on 

respiratory health. Findings also showed that there was significant association between smoking and 

chronic bronchitis, as the interaction between the environmental and behavioral factors (Table 4, Figure 

4). 

 

Table 4. PM2.5 Exposure and Asthma 

PM2.5 Level Asthma Cases Non-Asthma p-value 

Low 8 32  

High 30 80 <0.01 

 

Pulmonary Function Test Results 

The tests of pulmonary function revealed that respiratory performance indicators were 

significantly lower in people exposed to high rates of pollution than in those people who were exposed 

to lower levels which pointed to influence of chronic exposure to pollution on the performance of the 

lungs (Table 5, Figure 5). 

 

Table 5. Pulmonary Function by Exposure Level 

Variable Low Exposure High Exposure p-value 

FEV1 3.1 ± 0.5 2.4 ± 0.6 <0.01 
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FVC 3.8 ± 0.7 3.0 ± 0.8 <0.01 

FEV1/FVC 81% 74% <0.01 

 

 
Figure 4. Combined Visualization of Pulmonary Function Parameters by Exposure Level 

 

Multivariate Logistic Regression Analysis 

The multivariate logistic regression analysis showed that air pollutant exposure, in particular, 

PM2.5 exposure is a confounder-adjusted independent factor that enhances the risk of respiratory 

illness. The strongest risk factors were smoking and industrial work, which represented the 

accumulated impact of environmental and behavioral factors (Table 6, Figure 6). 

 

Table 6. Multivariate Risk Factors 

Variable OR 95% CI p-value 

High PM2.5 2.8 1.6 – 4.9 <0.01 

High PM10 2.1 1.2 – 3.7 0.02 

Smoking 3.4 1.9 – 6.1 <0.001 

Industrial work 2.6 1.5 – 4.5 <0.01 

Age (>45) 1.9 1.1 – 3.3 0.03 

 

 
Figure 4. Risk Factors Associated with Elevated Odds Ratios (OR) with 95% Confidence 

Intervals 
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Discussion 

According to the research findings, there is a distinct and statistically significant exposure to 

the urban air pollution in the industrial district, in determining the rate of respiratory morbidity, which 

is in line with the study hypothesis [14]. High levels of air pollutants, especially PM2.5 and PM10, were 

above the recommended limits across the world, and this is indicative of a polluted environment being 

chronic [15]. The fact that these fine particles can reach the respiratory system and enter alveoli is 

especially dangerous, as it leads to chronic inflammation and destruction of the lung's functioning in 

the long run [16]. 

The sample was mainly male (80%), which is a representation of the labour force in the 

industrial regions where physical and industrial work is dominated by the male population. The 

smoking was also found to be at a high level, and this is important since smoking enhances the impact 

of air pollution [17]. The association between the environmental exposure (pollution) and behavioural 

factors (smoking) predisposes the occurrence of respiratory diseases, and it is hard to differentiate the 

effect of every factor without the use of multivariate analysis, which was used in this study [18]. 

There was an evident increase in respiratory disease prevalence, and the prevalence of chronic 

respiratory symptoms was 48%, and dyspnea followed by chronic bronchitis, 29.3% and 38% 

respectively, which indicates a high burden of health[19]. The exposure to air contaminants may be 

attributed to the continuous exposure to these contaminants, which can be explained by the lack of 

strong environmental control measures or personal protective gear. Pollution concentration in the 

respiratory system results in chronic and not acute symptoms [20]. 

The bivariate analysis showed a significant relationship between high exposures of PM2.5 and 

a strong likelihood of asthma, as it has been observed in the literature that the cause-and-effect 

relationship between fine particles and respiratory inflammation and bronchial hyperreactivity is direct 

[21]. Chronic bronchitis was highly likely to be associated with smoking, which demonstrated the 

contribution of environmental pollutants and behavioral factors in the occurrence of respiratory 

damage [22]. 

The findings were supported by the results of pulmonary function tests, which indicated a 

substantial reduction in FEV1 and FVC in people who were exposed to high levels of pollution, which 

evidenced that high levels of pollution had a functional effect on respiratory efficiency [23]. The low 

FEV1/FVC ratio is a potential indication of airway obstruction, which is in line with the higher 

prevalence of asthma and chronic bronchitis. This is to show that the outcome of pollution goes beyond 

the clinical symptoms to the physiological lung functioning [24]. 

Multivariate analysis revealed that at the high level of PM2.5 exposure, the risk of respiratory 

diseases is exposed to an increased risk (2.8 times) even after the confounder is taken into consideration 

[25]. Smoking was found to be the highest risk factor (OR=3.4), which was followed by industrial work, 

which confirmed the fact that environmental and behavioral risk factors jointly work to augment the 

risk of diseases [26]. These findings show that air pollution is not only a companion factor but an 

independent risk factor [27]. 

It is comparable to the world literature that confirms that the long-term exposure to fine 

particulate matter is related to the ultimate rate of respiratory diseases and reduced lung capacity [28]. 

These results are also consistent with epidemiological models that indicate that industrial zones are at 

risk areas as far as environmental health is concerned [29]. 

In spite of such important results, the study is characterised by certain limitations, such as a 

cross-sectional design, which restricts the possibility of causal inference, and the possible bias of self-

reported questionnaires [30]. The small percentage of females could also influence the ability to 

generalise the findings to the whole population [31]. 

On the whole, this research proves that the problem of air pollution in the industrial sector is 

an actual threat to respiratory health, and the nature of the environmental policy, in regulating 

industrial emissions, combined with health awareness campaigns, especially smoking risks and 

wearing protective equipment in polluted workplaces[32]. 
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Conclusions  

This research supports a substantial relationship to indicate that respiratory morbidity is 

associated with exposure to urban air pollution in industrial regions. An increase in the number of 

respiratory diseases and poor lung functioning was associated with high concentrations of PM2.5 and 

PM10. Air pollution, smoking, and industrial work were the independent risk factors according to 

multivariate analysis. Altogether, air pollution is an acute human health concern, which needs 

immediate environmental regulation and medical efforts to minimise its consequences. 
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