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SUMMARY 

Air pollution is a major problem all over the world in both developed and developing 

countries. Rapid increase in population and demand for energy have resulted in emission 

of toxic air pollutants that affect the surrounding environment as well as human health. 

Pollution, especially pollution caused by industrial emissions, large and private power 

generators, vehicular exhausts, and toxic chemicals, has increased sharply in the past 200 

years, and the largest increases today are seen in low-income and middle-income 

countries.  

In total, there are approximately 6,000 large diesel generators in the KRI producing 

approximately 3000 megawatts of power. An average of 15 hours of electricity was 

provided daily by these generators. Therefore, it is estimated that 6,300,000 liters of diesel 

fuel are combusted daily by these generators in KRI considering that 70-80 liters of diesel 

are needed to provide one-hour electricity. If a general rule, such as the consumption of 

one liter of diesel emitting around 2.7kg of CO2 is considered, then the 6,300,000 liters of 

diesel will release about 17,000 tons of CO2/day in KRI. 

The results indicated that PM2.5 and PM2.5 were high only at site 1 (5m away from the 

generator) during the 1st and 3rd sampling, whereas the values were higher than maximum 

permission level at all sites during the 2nd sampling period. Carbone dioxide 

concentrations were higher than AQS (>1000ppm) during the whole period of this study. 

These results indicate polluted air near and around power generators in Erbil and other 

cities in KRI and Iraq. Finally, Rainfall improved the air quality in relation to HCOH, 

TVOC, PM2.5 and PM10, while it was not affected the high levels of carbon dioxide. 
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1. INTRODUCTION 
 

With rapid development of the economy and booming population growth, an 

enormous number of resources (e.g., energy, water, and food) is required in our society to 

sustain our activities. As a result, various kinds of pollution (Air, Water, Soil, Noise, 

Radioactive, Light, Visual and Thermal Pollution) have been produced. Among the 

various pollution problems, air pollution has caused major concern over the world due to 

its widespread nature, damage to our environment and potential health risk to humans.  

Pollution is one of the great existential challenges of the Anthropocene aera. Like 

climate change, biodiversity loss, ocean acidification, desertification, and depletion of the 

world’s fresh water supply, pollution endangers the stability of the Earth’s support 

systems and threatens the continuing survival of human societies (Landrigan, et al., 2018).   

Air pollution is a major problem all over the world in both developed and developing 

countries. Rapid increase in population and demand for energy have resulted in emission 

of toxic air pollutants that affect the surrounding environment as well as human health 

(Babayemi, et al., 2016). Pollution, especially pollution caused by industrial emissions, 

Large and private power generators, vehicular exhausts, and toxic chemicals, has 

increased sharply in the past 200 years, and the largest increases today are seen in low-

income and middle-income countries. Yet despite its great and growing magnitude, 

industrial, vehicular, and chemical pollution in developing countries has been largely 

overlooked in international development and global health agendas, and programs for 

pollution control have received little attention or resources from either international 

agencies or philanthropic donors (Landrigan, et al., 2018).   

The major air pollutants that are responsible for deteriorating air quality are oxides 

of nitrogen (NOx), sulfur dioxide (SO2), carbon monoxide (CO), particulate matter (PM), 

volatile organic compounds (VOCs) and ozone (O3). The major source of air pollution. In 

the past decades, many studies highlighted the role of ambient airborne particulate matter 
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(PM) as an important environmental pollutant for many different cardiopulmonary 

diseases and lung cancer (Stanley, et al., 2014).  

Numerous epidemiological studies in the past 30 years found a strong exposure-

response relationship between PM for short-term effects (premature mortality, hospital 

admissions) and long-term or cumulative health effects (morbidity, lung cancer, 

cardiovascular and cardiopulmonary diseases). Current research on airborne particle-

induced health effects investigates the critical characteristics of particulate matter that 

determine their biological effects. Several independent groups of investigators have 

shown that the size of the airborne particles and their surface area determine the potential 

to elicit inflammatory injury, oxidative damage, and other biological effects (Ubong & 

Osaghae, 2018).  

These effects are stronger for fine and ultrafine particles because they can penetrate 

deeper into the airways of the respiratory tract and can reach the alveoli in which 50% are 

retained in the lung parenchyma. Composition of the PM varies greatly and depends on 

many factors. The major components of PM are transition metals, ions (sulfate, nitrate), 

organic compound, quinoid stable radicals of carbonaceous material, minerals, reactive 

gases, and materials of biologic origin. Results from toxicological research have shown 

that PM have several mechanisms of adverse (Valavanidis, et al., 2008). 

A  number of scientific studies have linked air pollution to a variety of health 

problems including: (i) aggravation of respiratory and cardiovascular disease; (ii) 

decreased lung function; (iii) increased frequency and severity of respiratory symptoms 

such as difficulty in breathing and coughing; (iv) increased susceptibility to respiratory 

infections; (v) effects on the nervous system, including the brain, such as IQ loss and 

impacts on learning, memory and behavior; (vi) cancer; and (vii) premature death.  

(Sadanaga et al., 2003).       

The aim of the present study is to evaluate the Effects of Anthropogenic air pollutants 

emitted from Electrical Generators on the Environment and Human Health.  
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2. LITERATURE REVIEWS 
 

Air pollution is a serious environmental problem worldwide including in Iraq and the 

KRI. Several studies have highlighted different dimensions of such problems in the KRI; 

however, the entire issue has never been discussed comprehensively. This study gathered 

all documents, research articles, and ground truths regarding air pollution in the KRI and 

aimed to gain an extensive understanding of all aspects of the problem and classify 

significant causes and sources of air pollution in that region (Mohammed, et al., 2020).  

Folinsbee, 1993 showed that air pollutants have been to cause responses ranging 

from reversible changes in respiratory symptoms and lung function, changes in airway 

reactivity and inflammation, structural remodeling of pulmonary airways, and impairment 

of pulmonary host defenses, to increased respiratory morbidity and mortality. 

Alavanidis, et al., 2008 stated that numerous epidemiological studies in the past 30 

years found a strong exposure-response relationship between PM for short-term effects 

(premature mortality, hospital admissions) and long-term or cumulative health effects 

(morbidity, lung cancer, cardiovascular and cardiopulmonary diseases, etc.). Current 

research on airborne particle-induced health effects investigates the critical characteristics 

of particulate matter that determine their biological effects. Several independent groups 

of investigators have shown that the size of the airborne particles and their surface area 

determine the potential to elicit inflammatory injury, oxidative damage, and other 

biological effects. These effects are stronger for fine and ultrafine particles because they 

can penetrate deeper into the airways of the respiratory tract and can reach the alveoli in 

which 50% are     retained in the lung parenchyma.  

Kampa and Castanas, 2008 reported that air pollution has both acute and chronic 

effects on human health, affecting a number of different systems and organs. It ranges 

from minor upper respiratory irritation to chronic respiratory and heart disease, lung 

cancer, acute respiratory infections in children and chronic bronchitis in adults, 

aggravating pre-existing heart and lung disease, or asthmatic attacks. In addition, short- 
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and long-term exposures have also been linked with premature mortality and reduced life 

expectancy.  

Akorede, et al., 2010 released report of the International Energy Outlook (IEO) 

projects an increase of 44% in the world energy demand from 2006 to 2030, and 77% rise 

in the net electricity generation worldwide in the same period. However, about 80% of the 

total generation in 2030 would be produced from fossil fuels. This global dependence on 

fossil fuels is dangerous to our environment in terms of their emissions unless specific 

policies and measures are put in place. 

Siddique, et al., 2017 conducted a survey of thermoelectric generators with a specific 

focus given to the rigid and flexible types of thermoelectric generators. The basic principle 

of the thermoelectric power generator, applications, and some existing challenges has also 

been discussed. Idso and Idso, 2001 stated that elevated levels of CO2 can alter the 

concentrations of plant constituents related to animal and human health. They indicate 

that increases in the air’s CO2 content typically led to reductions in the nitrogen and 

protein concentrations of animal-sustaining forage and human-sustaining cereal grains 

when soil nitrogen levels. 

Landrigan, et al., 2018 explored emerging causal links between pollution, disease, 

and subclinical impairment, for example between ambient air pollution and dysfunction 

of the central nervous system in children and the elderly; Quantify the global burden of 

disease associated with chemical pollutants of known toxicity such as lead, mercury, 

chromium, arsenic, asbestos, and benzene; Identify and characterize the adverse health 

outcomes caused by new and emerging chemical pollutants, such as developmental 

neurotoxicants, endocrine disruptors, novel insecticides, chemical herbicides, and 

pharmaceutical wastes; Identify and map pollution exposures particularly in low-income 

and middle-income countries; and improve estimates of the economic costs of pollution 

and pollution-related disease.   
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Lahieb Faisal, et al., 2020 addressed the environmental effect of chemicals in the 

structure of factory smoke; electricity generator exhausts gases, vehicle exhaust, and 

provides an overview of legislation limiting their maximum permissible emissions. 

 

2.1. Air Pollution  

Air pollution crosses many system boundaries, because air is a common resource 

across Earth. Human activity contributes to both outdoor and indoor air pollution. To 

understand air pollution and its effects, we need to look at all air pollutants, where they 

come from, and what happens to them after they are released into the atmosphere.  

Air pollution is defined as the introduction of chemicals, particulate matter, or 

microorganisms into the atmosphere at concentrations high enough to harm plants, 

animals, and materials such as buildings, or to alter ecosystems. Air pollution can occur 

naturally, from sources such as volcanoes and fires, or it can be anthropogenic, from 

sources such as automobiles and factories. 

*An estimated 8 million people per year die from air pollution-related diseases. These 

include stroke and heart disease, respiratory illness and cancers.  

*Some 4.2 million air pollution-related deaths are due to indoor air pollution and 3.8 

million deaths are due to outdoor air pollution.  

* The air pollutant linked most closely to excess death and disease is PM2.5 (particulate 

matter less than 2.5 micrometers in diameter), heavily emitted by both diesel vehicles and 

the combustion of biomass, coal and kerosene (Hussein, et al., 2022).  

2.2. Sources of Air Pollution:  

The sources of air pollution are numerous and can be divided into two categories: 

2.2.1. Natural sources  

Natural sources include: volcanic eruptions, pollens, forest fires and windblown dust. 

These release poisonous gases such as sulfur dioxide (SO2), hydrogen sulfide (H2S) and 

carbon monoxide (CO). 
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2.2.2. Anthropogenic sources  

2.2.2.1 Automobiles and thermal power plants: vehicles are the major contributor to 

total air pollution (i.e. ~60%). Automobiles, aircraft and locomotives are the main sources 

of the major air pollutants, which include carbon monoxide, unburned hydrocarbons and 

nitrogen oxide.  

2.2.2.2. Industries: paper and pulp factories, petroleum refineries, fertilizer and steel 

industries are the major anthropogenic sources of air pollution. They release several toxic 

gases like carbon monoxide (CO), oxides of sulfur (SO2 and SO3), nitric oxide (NO) and 

hydrocarbons (HC) into the atmosphere.  

2.2.2.3. Burning of fossil fuels: burning wood, fossil fuels and charcoal causes air 

pollution by releasing carbon dioxide (CO2), carbon and sulfur dioxide into the 

atmosphere.  

2.2.2.4. Agricultural activities: pesticides and insecticides used in the agriculture sector 

cause air pollution. When these are inhaled by animals and humans, this can create severe 

problems.  

2.2.2.5. Radioactive fallout: testing of nuclear weapons adds to nuclear pollution. 

Nuclear pollution is very harmful for flora and fauna (Jiang, et al., 2018).  

2.3. Air pollutants 

Pollutants are the materials or factors, which cause adverse effect on the natural 

quality of any component of the environment. For example, smoke from industries and 

automobiles, chemicals from factories, radioactive substances from nuclear plants, 

sewage of houses and discarded household articles are the common pollutants.  

2.3.1. Classifications of Pollutants  

(1) According to the form in which they persist after release into the environment.  

• Primary pollutant (Figure 1) is an air pollutant emitted directly from a source.  
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• Secondary pollutant (Figure 1) is not directly emitted as such, but forms when other 

pollutants (primary pollutants) react in the atmosphere. Examples of a secondary pollutant 

include ozone, which is formed when hydrocarbons (HC) and nitrogen oxides (NOx) 

combine in the presence of sunlight; NO2, which is formed as NO combines with oxygen 

in the air; and acid rain, which is formed when sulfur dioxide or nitrogen oxides react with 

water. 

 

 

 

 

 

 

 

 

Figure 1. Primary and secondary air pollutants of both mobile and stationary sources. 

2.4. Large and private power generators  

Power generation in Iraq and Kurdistan region of Iraq-KRI faced severe shortage 

beyond First Gulf War in 1991. During the last 30 years, there is no 24 hour a day 

electricity service in the Iraq and KRI. The government currently generates 3,500 

megawatts of electricity, which provides eight to ten hours of electricity for each 

household in the region. 6,000 megawatts must be produced to provide electricity for 24 

hours. This lack of available power has primarily arisen because the power generation 

infrastructure in both KRI and Iraq was ruined during the two decades of war and 

sanctions (Hassan, 2020).  
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People, therefore, had used small, portable power generators placed at homes which, 

since 2007, were substituted by large, stationary diesel power generators. These 

generators start operating when public electricity is not supplied, and the power is shared 

amongst 100-200 subscribed households (Hama-Aziz, 2022).  

Increased demand for power and the low generation capacity of the country has led 

to an increase in the number of these generators and their operating times. In total, there 

are approximately 6,000 large diesel generators in the KRI producing approximately 3000 

megawatts of power. An average of 15 hours of electricity was provided daily by these 

generators. Therefore, it is estimated that 6,300,000 liters of diesel fuel are combusted 

daily by these generators in KRI considering that 70-80 liters of diesel are needed to 

provide one-hour electricity. These power generators are considered to be significant 

contributors to deteriorating air quality in the KRI as they are releasing numerous 

hazardous air contaminants and greenhouse gases including particulate matter, carbon 

monoxide, carbon dioxide, and oxides of nitrogen. If a general rule, such as the 

consumption of one liter of diesel emitting around 2.7kg of CO2 is considered, then the 

6,300,000 liters of diesel will release about 17,000 tons of CO2/day in KRI (Hassan, 2020).  

Furthermore, the power generations are all placed inside cities, not in their 

surroundings, and they combust dirtier fuel (diesel) rather than gasoline. All of this means 

that the power generators could be as serious as transportation with air pollution in the 

KRI. Moreover, some owners of these generators complained about the high sulfur 

content in the diesel fuel usually provided by the local authorities or the merchants. 

Owners of the generators noted that exhausts of the generators became corroded after 

operating for a few years which possibly supports the argument that the diesel fuel used 

for these generators contains high sulfur (Jakhrani, et al., 2012).  

Another significant environmental issue with these generators is their location. They 

are placed in neighborhoods to minimize the loss of power to the subscribed households. 
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Although they are instructed by the local authority to place them far away from the 

community and to plant trees around them, owners usually disregard the regulations. Thus, 

most generators are located next to the houses (Hussein, et al., 2022).  

In addition to the polluted air released into the area, noise is another matter of 

concern. The sound level of 100 dB was measured at 1-meter distance from a generator. 

Mahammed, et al. 2013 studied the noise level from 30 generators in Dohuk and found 

that the average noise level at 50 m distance from the generators was 74 dB which was 

higher than the permissible noise level of (55 dB and 65 dB) for residential and 

commercial areas, respectively. The measured value (74 dB) was near the permissible 

noise level of (75 dB) for industrial areas, meaning that the noise level in residential areas 

in some cities in the KRI is as high as industrial areas. In response to a large number of 

complaints from people about environmental problems associated with the generators; 

local authorities are now tightening the regulations by implementing some measures. Most 

of the generators now in Sulaimani are silent generators, and the Erbil governor has 

recently decided to replace all ordinary generators with silent generators. The generators 

now have to be annually inspected by governmental officials. Furthermore, owners of the 

generators have to plant 25 trees annually to be able to renew their licenses (Mahammed, 

et al. 2013).  

 

2.5. Effects of Air Pollution on Human & Environmental Health 

2.5.1. Impacts of Air Pollutants on Human Health: 

The air-pollution disasters demonstrated that exposure to air pollution can be deadly. 

Every one of the primary and secondary air pollutants is a threat to human health, 

particularly the health of the respiratory system. Acute exposure to some pollutants can be 

life threatening, but many effects are chronic, acting over a period of years to cause a 

gradual deterioration of physiological functions and eventual premature mortality. 
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Moreover, some pollutants are carcinogenic, adding significantly to the risk of lung 

cancer as they are breathed into the lungs (Jakhrani, et al., 2012). 

2.5.1.1. Chronic Effects:  

Many people living in areas of urban air pollution suffer from chronic effects. Long-

term exposure to sulfur dioxide can lead to bronchitis (inflammation of the bronchi). 

Chronic inhalation of ozone can cause inflammation and fibrosis of the lungs, that 

permanently impairs lung function. Carbon monoxide reduces the capacity of the blood 

to carry oxygen, and extended exposure to carbon monoxide can contribute to heart 

disease. Chronic exposure to nitrogen oxides-NOx (NO, NO2, N2O, NO5) impairs lung 

function and is known to affect the immune system, leaving the lungs open to attack by 

bacteria and viruses. Exposure to airborne particulate matter-PM can bring on a broad 

range of health problems, including respiratory and cardiovascular pathology. Other 

factors—such as poor diet, lack of exercise, preexisting diseases, and individual genetic 

makeup—may add to the effects of pollution to bring on adverse health outcomes 

(Fakinle, et al., 2019). 

2.5.1.2. Chronic Obstructive Pulmonary Disease COPD:  

Any one or combination of these exposures can develop into chronic obstructive 

pulmonary disease (COPD), a slowly progressive lung disease that makes it increasingly 

hard to breathe. COPD is estimated to affect 15 million people in the United States. 

Worldwide, COPD afflicts up to 10% of adults ages 40 and older (Cropper, et al., 2012).  

 

2.5.1.3. Carcinogenic Effects:  

The heavy-metal and organic constituents of air pollution include many chemicals 

known to be carcinogenic in high doses. According to the industrial reporting required by 

the EPA, 4.7 million tons of hazardous air pollutants are released annually into the air in 

the United States. The presence of trace amounts of these chemicals in the air may be 

responsible for a significant portion of the cancer observed in humans. One major source 

of such carcinogens is diesel exhaust. The EPA has classified diesel exhaust as a likely 

human carcinogen. One pollutant that clearly correlated with cancer and other disorders 
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is benzene. Environmentally, benzene is found in the emissions from fossil fuel 

combustion that result from operating motor vehicles and burning coal and oil. The EPA 

has classified benzene as a known human carcinogen, linked to leukemia in persons 

encountering the chemical through occupational exposure. Chronic exposure to benzene 

can also lead to numerous blood disorders and damage to the immune system. 

 

2.5.2. Impacts of Air Pollutants on The Environment: 

Experiments show that plants are even more sensitive to air pollutants than are 

humans. Before emissions were controlled, it was common to see wide areas of totally 

barren land or severely damaged vegetation downwind from smelters and coal-burning 

power plants. The pollutant responsible was usually sulfur dioxide. 

2.5.2.1. Crop Damage:  

Nowadays, damage to crops, and forests downwind of urban centers is caused mainly 

by exposure to ozone. The ozone gains access to plants through their stomata, the 

respiratory pores in all plant leaves. Symptoms of ozone damage include black flecking 

and yellowing of leaves (Figure 1). Crops vary in their susceptibility to ozone, but damage 

to many important crops (such as soybeans, corn, and wheat) is observed at common 

ambient levels of ozone (Figure 2). Unfortunately, ozone levels are highest in summer, 

when crops are growing, and rural areas often experience high ozone levels as ozone forms 

downwind of pollution sources. 

2.5.2.2. Ozone Damage:  

Studies have shown that ozone damage to forest trees begins at about 40 ppb and 

gets more intense with higher levels. Studies in European forests found that ozone stress 

affects photosynthetic carbon uptake, increases respiration of foliage, amplifies water loss, 

and generally disrupts carbon and nutrient metabolism.  

2.5.2.3. Damage from Acid Deposition:  
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Much of the damage to forests from acid precipitation is due to chemical interactions 

within the forest soils. Sustained acid precipitation at first adds nitrogen and sulfur to the 

soils, which stimulate tree growth. In time, though, these chemicals leach out large 

quantities of the buffering chemicals (usually calcium and magnesium salts). When these 

buffering salts no longer neutralize the acid rain, aluminum ions, which are toxic, are 

dissolved from minerals in the soil. The combination of aluminum and the increasing 

scarcity of calcium, which is essential to plant growth, leads to reduced tree growth.  

2.5.3. Impacts on Aquatic Ecosystems:  

Some 50 years ago, anglers started noticing sharp declines in fish populations in 

many lakes in Sweden, Ontario, and the Mountains of upper New York State. Since that 

time, as ecological damage continued to spread, studies have revealed many ways in 

which air pollution—especially acid deposition—alters and may destroy aquatic 

ecosystems. 

The pH of an environment is extremely critical because it affects the function of 

virtually all enzymes, hormones, and other proteins in the bodies of all organisms living 

in that environment. Ordinarily, organisms are able to regulate their internal pH within the 

narrow limits necessary to function properly. A consistently low environmental pH, 

however, often overwhelms the regulatory mechanisms in many life forms, thus 

weakening or killing them. Most freshwater lakes, ponds, and streams have a natural pH 

in the range from 6 to 8, and organisms have adapted accordingly.  
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3.Materials and Methods: 

3.1. Description of sampling sites: 

Five sampling sites were selected in the form of line from the power generator in 

Erbil city as follows: Site 1 was close to the generator, site 2 was 50m away from the 

generator, site 3 was 100m away from the generator, site 4 was 200m away from the 

generator and site 5 was 1km away from the generator. Samples were obtained three times 

on January 2022 with weekly intervals. 

3.2. Air quality gas analysis: 

Five air quality gases were obtained by (Multifunctional Air Gas Detector Real Time, 

Model: JJG1022) as follow:  

Formaldehyde-HCHO (mg/m3), Total Volatile Organic Compound -TVOC (mg/m3), 

Particulate Matter that is 2.5 micron or smaller in size- PM2.5 (µg/m3), Particulate Matter 

that is 10 micron or smaller in size-PM10 (µg/m3) and carbon dioxide-CO2 (ppm). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Multifunctional Air Gas Detector Real Time, Model: JJG1022. 
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4.Results and Discussions 

4.1. Formaldehyde-HCOH: According to table 1, HCOH levels were higher than WHO-

Ambient Air Quality standards and exceeded 0.050 mg/m3 during the 1st and 2nd sampling 

period. While during the 3rd sampling period the value was below permission level at all 

sites. These decline in HCOH value was due to rainfall before taking samples which 

improve the air quality in the study area. 

4.2. Total Volatile Organic Compounds-TVOC: During the 1st and 2nd sampling period, 

TVOC values were greater than maximum permission level of 0.50 mg/m3. While the 

improvement was noticed during the last sampling period. 

 

Table 1. Air Quality Gases recorded during the study period, with WHO-Ambient Air Quality standards 

(WHO, 2022). 

Sites 
HCHO 

(mg/m3) 

TVOC 

(mg/m3) 

PM2.5 

(µg/m3) 

PM10 

(µg/m3) 

CO2 

(ppm) 

1st Sampling (7.1.2022) 

1 0.011 0.073 0085 00169 1172 

2 0.157 1.249 0007 0012 1274 

3 0.070 0.579 0012 0018 1204 

4 0.049 0.335 0003 0007 1227 

5 0.180 1.327 0016 0027 1340 

2nd Sampling (14.1.2022) 

1 0.075 0.524 0108 0225 1108 

2 0.051 0.391 0006 0009 1156 

3 0.119 0.794 0024 0045 1138 

4 0.081 0.500 0031 0059 1155 

5 0.003 0.027 0023 0036 1036 

3rd Sampling (21.1.2022) 

1 0.033 0.218 0267 0500 1084 

2 0.014 0.123 0006 0009 1084 

3 0.010 0.072 0012 0019 1044 

4 0.010 0.073 0008 0014 1107 

5 0.034 0.264 0012 0023 1036 

Air Quality Standards 0.050 0.500 0015 0045 1000 
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4.3. PM2.5 and PM10: Particulate Matter-PM2.5 and PM10 were high only at site 1 (5m 

away from the generator) during the 1st and 3rd sampling, whereas the values were higher 

than maximum permission level at all sites during the 2nd sampling period. 

4.4. CO2: Carbone dioxide concentrations were higher than AQS (>1000ppm) during the 

whole period of this study. These results indicate polluted air near and around power 

generators in Erbil and other cities in KRI and Iraq. CO2 levels as low as 600 ppm have 

been shown to noticeably affect people’s abilities to carry out tasks. As concentrations 

rise above 1,000 ppm, decision-making ability can be impeded by a further 23 per cent. 
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5. CONCLUSIONS AND RECOMMENDATIONS 
5.1. Conclusions: 

During the period of the study, the following conclusions were noted: 

1. Air pollution is a serious environmental problem worldwide including in Iraq and the 

KRI. 

2.Large and private generators are the main sources of poor air quality. 

3.Carbone dioxide-CO2 concentration was high at any given time at all locations. 

4.Rainfall improved the air quality in relation to HCOH, TVOC, PM2.5 and PM10, while it 

was not affected the high levels of carbon dioxide. 

5.Lack of public transportation is another source of deteriorating air quality.  

6.Toxic air pollutants emit from power generators cause adverse effects on human health 

including COPD and carcinogenic effects. 

 

5.2. Recommendations: 

1. Renewable energy sources are beginning to replace fossil fuels.  

2. Energy-efficiency efforts continue to gain ground.  

3. Governments, businesses, and individuals are taking steps to reduce emissions of the 

greenhouse gases that effect on environment and human health. 
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