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SUMMARY 

Environmental Agencies are becoming more concerned about the impacts of 

industrial emissions. One source of airborne pollutants is the petroleum refining industry. 

Currently, there are about 200 petroleum refineries operating across KRI, some of which 

are located in highly populated areas, others operating without governormetal license and 

working illegally. Refineries are responsible for 20% of SO2 release in the world. Oil 

refineries convert crude oil to everyday product like gasoline, kerosene, and liquefied 

petroleum. Crude oil contains a relatively high quantity of sulfur, which leads to the 

creation of sulfur dioxide when crude oil is heated at the refinery to produce fuel. The 

refining process also releases a large number of chemicals such as benzene, chromium, 

and sulfur acid into the atmosphere. 

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.  

The results indicated that HCOH and TVOV concentration were within the 

maximum permission level proposed by WHO. On the other hand, PM2.5 and PM2.5 were 

low during the whole study period and never exceeded the maximum permission value of 

15 (µg/m3) and 45 (µg/m3) for PM2.5 and PM10 respectively, with the exception of PM2.5 

at Turaq. Carbone dioxide concentrations were higher than AQS (>1000ppm) during the 

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

in Erbil and other cities in KRI and Iraq.  
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1. INTRODUCTION 
 

It is now universally recognized that poor air quality exerts adverse impacts on 

human health. Environmental Agencies are becoming more concerned about the impacts 

of industrial emissions. One source of airborne pollutants is the petroleum refining 

industry. Currently, there are about 200 petroleum refineries operating across KRI, some 

of which are located in highly populated areas, others operating without governormetal 

license and working illegally (Morad, 2018). 

The intensification rates of the industrial development, the growth of demand on 

energy products leads to an annual increase of its production. The most material intensive 

and huge enterprises of the energy complex include oil refineries, which provide the 

export market with a wide range of primary and secondary petroleum products. The 

problem of the such enterprises activity is connected with their significant potential of 

technogenic nature, which has an increased level of environmental hazard. Taking into 

account the deterioration of the people’s socio-economic conditions, the problem of 

environment improvement becomes particularly important. Unfortunately, approaches 

aimed at pollution volume reducing are often made by cutting of the production level. 

Then an economic situation when the companies primarily seek ways to save their 

environmental costs is determined (Myasnikova, et al., 2019). 

Petroleum refineries are vital to the production of the fuels that people rely on for 

transportation, heating, and other activities.  Refineries continually seek to improve 

efficiency of operations and to reduce environmental impacts (Nelson, 2013). 

The importance of oil began after WWII where large economic growth was seen 

worldwide. With the use of these fossil fuels, new problems arose as evidence suggested 

that the processes of the extraction, refinement, storage, transportation and combustion of 

oil and its derivatives caused major global problems, such as the greenhouse effect, 

depletion of the ozone layer as well as acid rain and pollution. In addition to representing 
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a problem to the environment, it ultimately poses a great danger to life on our planet due 

to the damage that it causes to the health of entire populations and ecosystems. For 

example, human health effects can result from consuming contaminated food or by 

bathing in polluted water mainly of rivers (Gower, et al., 2008). 

Contaminants associated with the extraction of crude oil exploitation involves 

operational steps including exploration, extraction, refinement, and transportation. 

Extraction is responsible for bringing natural hydrocarbons (e.g., crude oil) to the surface; 

for this activity, there are several methods (e.g., mechanical pumping, hydraulic pumping, 

and use of acids). All of these processes produce serious environmental damage, including 

deforestation and pollution in the air, water, and soil (Ramirez, et al., 2017). 

Some countries have already expressed concern about the presence of petroleum-

derived pollutants, since oil is a complex mixture of several chemical compounds and 

contains a variety of agents of various toxicological power, including benzene, toluene, 

xylene, and polycyclic aromatic hydrocarbons. Exposure to these compounds is of 

concern. They can bioaccumulate in food chains where they disrupt the biochemical or 

physiological activities of many organisms, thus causing carcinogenesis of some organs, 

mutagenesis in genetic material, and impairment in reproductive capacity in exposed 

population (Nowak et al., 2019). These pollutants come in direct contact with nature in 

the form of large atmospheric emissions, waste generation, and effluents that pollute the 

air, water, and soil in addition to the biota associated with these means. Crude oil or its 

components can travel a number of routes to come into contact with the human body, 

including i) absorption through the skin; ii) ingestion of food and drink; and iii) inhalation 

through breathing. Oil exposure is not limited to the area close to the pollution. The 

heavier components tend to deposit sediment where they can contaminate water sources 

repeatedly or be consumed by organisms that can enter the human food chain (Zhang et 

al., 2018).  The aim of our project it to determine effects of Oil Refineries on human health 

and environment.  
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2. LITERATURE REVIEWS 
 

(Rourke and Connolly, 2003) presents existing data and research on the global 

distribution of the impacts of oil production and consumption. The review describes and 

analyzes the environmental, social, and health impacts of oil extraction, transport, 

refining, and consumption, with a particular focus on the distribution of these burdens 

among socioeconomic and ethnic groups, communities, countries, and ecosystems. An 

environmental justice framework is used to analyze the processes influencing the 

distribution of harmful effects from oil production and use. A critical evaluation of current 

research and recommendations for future data collection and analysis on the distributional 

and procedural impacts of oil production and consumption conclude the review (Polvara, 

et al., 2021). 

(Ramis, 2012) explained that emissions from refineries include a wide range of 

substances, such as chrome, lead, nickel, zinc, arsenic, cadmium, benzene, dioxins and 

furans, all of which are recognized by the International Agency for Research on Cancer 

(IARC) as carcinogens. Various studies have shown an association between non-Hodgkin 

lymphoma (NHL) and residence in the vicinity of industrial areas; however, evidence of 

specific association between refineries and residence in the vicinity has been suggested 

but not yet established. The aim of this study is to investigate potential links between 

environmental exposure to emissions from refineries and non-Hodgkin lymphoma 

mortality in Spain. The spatial distribution of NHL in Spain has an unusual pattern with 

regions some showing higher risk than others. 

(Myasnikova et al., 2019) analyze the problem of the complexity in managing of the 

environmental safety of an oil refinery. The possibility of using environmental monitoring 

methods for integrated regulation and the formation of optimal control parameters is 

noted. It’s based on the principles of combining efficient production processes with 

environmental programs, which will be promotive of the production output with the 

technogenic impact minimization of oil refining technology on the environment. 
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 (Onyije et al., 2021) evaluated the cancer risk in petroleum-exposed workers and in 

residents living near petroleum facilities. Relevant studies were identified and retrieved 

through PubMed and Web of Science databases. Summary effect size (ES) and 95% 

confidence intervals (CI) were analyzed using random effect models, and heterogeneity 

across studies was assessed (I2). Overall, petroleum industry work was associated with an 

increased risk of mesothelioma (ES = 2.09, CI: 1.58–2.76), skin melanoma (ES = 1.34, 

CI: 1.06–1.70 multiple myeloma (ES =1.81, CI: 1.28–2.55), and cancers of the prostate 

(ES = 1.13, Cl: 1.05–1.22) and urinary bladder (ES = 1.25, CI: 1.09–1.43) and a decreased 

risk of cancers of the esophagus, stomach, colon, rectum, and pancreas. Offshore 

petroleum work was associated with an increased risk of lung cancer (ES = 1.20; 95% CI: 

1.03–1.39) and leukemia (ES = 1.47; 95% CI: 1.12–1.92) in stratified analysis. Residential 

proximity to petroleum facilities was associated with childhood leukemia (ES = 1.90, CI: 

1.34–2.70). Very few studies examined specific exposures among petroleum industry 

workers or residents living in oil producing communities. The present review warrants 

further studies on specific exposure levels and pathways among petroleum-exposed 

Workers and residents living near petroleum facilities. 

(Sharma et al.,2021) demonstrated the co-hydrodeoxygenation of partially upgraded 

bio-oil (PUB) obtained from hydrothermal liquefaction of pinewood, with rapeseed oil 

(RO) to produce bio-derived drop-in fuel. Enhanced miscibility of PUB in RO showed the 

high potential of HTL bio-oil for co-processing with different refinery streams in existing 

refineries. Co-processing experiments were conducted in a continuous unit under different 

processing conditions and the obtained results were compared with the hydroprocessed 

oils produced from the pure RO. Temperature and weight hourly space velocity (WHSV) 

are found to be important parameters to achieve complete deoxygenation and controlling 

the properties of co-processed bio-oils. Product quality analysis of co-processed bio-oils 

obtained under optimized conditions showed no oxygen contents and micro carbon 

residue but high n-paraffins. Furthermore, boiling point distribution of co-processed bio-
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oils was measured by SimDis, which was found analogous to boiling range of biodiesel. 

Fuel characteristic properties such as flash point, pour and cloud points of co-processed 

bio-oils were also measured and found improved compared to the properties of 

hydroprocessed oil obtained from RO. Therefore, this study demonstrates that HTL bio-

oil can be successfully co-processed with renewable feed and petroleum refinery streams 

in a continuous hydroprocessing unit without any modification to reduce the 

environmental impacts and overcome the cost, availability and sustainability issues of 

oleochemical based feedstocks. 

 

2.1. Pollution and the Refinery Closure 

Refineries are responsible for 20% of SO2 release in the world. Oil refineries convert 

crude oil to everyday product like gasoline, kerosene, and liquefied petroleum. Crude oil 

contains a relatively high quantity of sulfur, which leads to the creation of sulfur dioxide 

when crude oil is heated at the refinery to produce fuel. The refining process also releases 

a large number of chemicals such as benzene, chromium, and sulfur acid into the 

atmosphere (lavaine, 2017). On the other hand, the oil industry holds a major potential of 

hazards for the environment, and may impact it at different levels: air, water, soil, and 

consequently all living beings on our planet. Within this context, the most widespread and 

dangerous consequence of oil and gas industry activities is pollution. Pollution is 

associated with virtually all activities throughout all stages of oil and gas production, from 

exploratory activities to refining. Wastewaters, gas emissions, solid waste and aerosols 

generated during drilling, production, refining (responsible for the most pollution) and 

transportation amount to over 800 different chemicals, among which, of course, prevail 

oil and petroleum products (Majid, 2011). 

Other environmental impacts include intensification of the greenhouse effect, acid 

rain, poorer water quality, groundwater contamination, among others. The oil and gas 

industry may also contribute to biodiversity loss as well as to the destruction of 
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ecosystems. Oil refineries are major polluters, consuming large amounts of energy and 

water, producing large quantities of wastewaters, releasing hazardous gases into the 

atmosphere and generating solid waste that are difficult both to treat and to dispose it 

(Hashim, et al., 2020. 

2.2. Sources of Air Pollution from the Petroleum Industry 

There are various sources of emissions in the petroleum refining and petrochemical 

industries, and the following are the major categories of emission sources. 

2.2.1. Process Emissions 

In petroleum refining, the typical processes that take place include separations, 

conversions, and treating processes like cracking, reforming, and isomerization. The 

emissions arising from these processes are termed as process of emissions. 

2.2.2. Combustion Emissions 

Combustion emissions are generated from the burning of fuels, which is done for 

production and transportation purposes. The nature and quantity of emissions depends 

upon the kind of fuel being used. Generally, combustion emissions are released from 

stationary fuel combustion sources like furnaces, heaters and steam boilers, but they can 

also be released from flares. 

2.2.3. Fugitive Emissions 

Fugitive emissions include sudden leaks of vapors from equipment or pipelines, as 

well as continuous small leaks from seals on equipment. These emissions are not released 

from vents and flares, but may occur at any location within a facility. Sources of fugitive 

emissions are mostly valves, pump and compressor, and piping flanges.  

2.2.4. Storage and Handling Emissions 

These emissions are released from the storing and handling natural gas, oil, and its 

derivatives. This is a potential problem in every petroleum refining and petrochemical 

industry, including any product distribution sites. Handling mainly includes loading and 

unloading operations for shipping products to customers.  
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2.2.5. Auxiliary Emissions 

Auxiliary emissions originate from units like cooling towers, boilers, sulfur recovery 

units, and wastewater treatment units. Atmospheric emissions from cooling towers mainly 

include gases, which are stripped when the water phase comes into contact with air during 

the cooling process.  

2.3. Human health impacts  

Adverse human health symptoms associated with emissions from oil refineries usually 

include hematopoietic, hepatic, renal, and pulmonary abnormalities, changes in mood and 

cognitive functions, psychological problems, damage to reproductive health, respiratory 

tract involvement, cancer, and general health problems. Fig. 1 summarizes health 

disorders associated with exposure to emissions from oil refineries. Moreover, some of 

the major health problems related to exposure to petroleum are detailed (Islam and 

Mustafa, 2021). 

 

 

 

 

 

 

 

 

 

 

Figure. 1. Health disorders associated with exposure to emissions from oil refineries. 
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2.4. Root causes of air pollution  

2.4.1. The Sharp increase in population 

In 2003, a new era started in Iraq and the KRI when the Ba’ath regime was removed 

from the power. KRI then witnessed social peace, political stability, and economic 

prosperity. During this time, a sharp increase in population, rapid and unplanned urban 

expansion, and corruption are believed to be the root causes of air pollution in the KRI. A 

great number of environmental scientists indicate that increase in population is a major 

cause of pollution as has been formulated into a common pollution equation (I=PAT), 

where I is impact or pollution, P is population, A is affluence, and T is technology (Hama 

aziz, 2022).  

The population of the KRI has more than doubled in the last two decades, rising from 

3 million in 1997 to approximately 7.2 in 2019 which makes the KRI population intensity 

(177 people/km2) more than twice that of the population intensity in the rest of Iraq (83 

people/km2). These figures are also found to be higher than those of the neighboring 

countries. Iran’s population, for instance, increased in the last two decades by 

approximately 25%, from 65.9 million to 82.1 million, and its population density in 2020 

is 52 people/km2. Similarly, Turkey’s population rose by 25% from 66.4 million to 83.1 

with a population density of 110 people/km2. This recent increase in population is 

attributed to the natural migration from rural to urban centers, forced migration, and 

international immigration. The current stability in the region is attracting businesses, 

creating jobs, and stimulating international immigration into the cities. The rise in 

population has been increasingly worsening the environmental problems in the KRI 

through consuming utilities, food, and water, using urban transport, and generating more 

waste (Hawkare, 2021). 
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2.4.2. Poor public services  

Iraq was marked as the world's 20th most corrupted country (ICI, 2021). Corruption in the 

KRI is much talked about, yet far less documented. Illegal oil refineries are an example 

of corruption causing environmental problems, including deterioration of air quality, as 

they are not controlled by the government at all. Illegal oil refineries are common in the 

KRI, especially on the outskirts of Erbil. There are nearly 200 illegal oil refineries in Erbil 

that operate largely unregulated by safety or the environmental standards required by law. 

Other studies have also shown that corruption has a negative and direct effect on air 

pollution. Another issue of air pollution associated with poor public services is the lack of 

modern sanitary landfills where solid wastes are properly buried and tightly sealed. In 

nearly all towns and cities in the KRI, there are open dumpsites where tons of all types of 

solid waste is dumped on daily basis, and burned on some occasions, causing deterioration 

of air quality in the area.  

2.5. Major sources of air pollution  

2.5.1. Transportation  

Transportation has always been a contributor to air pollution worldwide. Incomplete 

combustion in transportation releases several pollutants, such as carbon monoxide, 

particulate matter, oxides of sulfur, oxides of nitrogen, ash, and lead. These primary 

pollutants react in the atmosphere to form ozone, secondary particulates, and carbon 

dioxide. There are few studies on air pollution in the KRI. In a comprehensive study of 7 

measurements in 17 locations inside the city of Sulaimani including heavily trafficked 

streets and in some parks, Majid [2] found that CO, NO2, O3 in all sampling sites were 

below the permissible limits set by the United States Environmental Protection Agency 

and the European Commission. However, he discovered that other pollutants including 

PM1, PM2.5, PM10, SO2, and CO2 in most of those locations exceeded the permissible limits 

of air quality. The author believes that the sources of high PM are both natural and 
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anthropogenic, including transportation and dust storms. The economic boom and rapid 

rise of the population in the KRI in the last two decades has resulted in a dramatic increase 

in the number of cars on the roads; this, in turn, contributed to air pollution in the region. 

The total number of vehicles (of all types) in the KRI in early 2020 is approximately 

1,800,000, equivalent to one vehicle for four persons, and these use around 7 million liters 

of fuel daily. Most of these vehicles are present in the largest three cities; Erbil alone has 

about 900,000 vehicles (approximately 50% of all cars in the KRI).  

2.5.2. Dust storm  

A dust or sand storm is a meteorological phenomenon common in arid and semi-arid 

regions. These can cause several environmental problems such as reducing visibility, 

generating clouds which in turn increase surface heat, damage the fertile topsoil, increase 

desertification, drought, reducing water supplies, and polluting the air. About concerning 

human health, it is well known that dust storms can carry such pathogens as bacteria, 

fungi, viruses, and heavy metals that can cause cardiovascular and respiratory diseases 

like a congestive cardiovascular failure, coronary artery disease, asthma or chronic 

obstructive pulmonary disease, and can, in some cases, lead to death (Mohammed, et al., 

2020). The dust storms in Iraq now occur more frequently than in previous years, with a 

higher intensity than they did 30 years ago. As an example, between 1950 and 1990, the 

maximum length of the annual dust storm in Iraq was about 24 days. Contrast this with 

the record from 2008 when122 dust storms were recorded, and it is expected that Iraq 

could witness 300 dust storms per year in the next ten years. KRI is located in a zone of 

low to moderate potential for dust storms, whereas the rest of Iraq is located in the zone 

of moderate to very high. Between 1950-1990, KRI had significantly fewer days of dust 

storms (less than 4 days) per year compared to the rest of the country. All of this indicates 

that dust storms in both Iraq and the KRI have increased significantly in number and 

severity as compared to those occurring in the last century. The main causes behind the 

development of the regional dust storms are the climatic changes in the region (especially 
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the remarkable decrease in the annual rate of rainfall), the significant increase in mean 

annual temperatures, and the notable increase of mean annual evaporation, besides 

environmental changes, such as dried marshlands, land degradation, and desertification. 

The causes for local dust storms are often down to military actions, construction 

operations, deforestation, cultivation, and unpaved roads. It is interesting to note that all 

limited studies about dust storms in Iraq suggest that the first and most important cause of 

increasing dust storms over time is the drastic decline in annual precipitation (Ibrahim et 

al., 2021).  

2.5.3. Kerosene Heaters  

Indoor air pollution is as serious a problem as outdoor air pollution is, causing the death 

of about 4 million people per year worldwide since people spend at least 70% of their time 

indoors. Indoor air pollution includes a wide variety of sources such as kerosene heaters, 

gas heaters, wood stoves, tobacco smoke, air fresheners, dry cleaning fluid fumes, carpets, 

paint strippers, and thinners. Kerosene heaters have been used to warm the indoors during 

the winter in many countries in the past century; however, they are seldom used now as 

they have been replaced with modern devices using main electricity. But in the Kurdistan 

Region, 24-hour electricity is not available. Winter is extremely cold (sometimes falling 

below – 10 C), therefore, there is a great demand for electricity and the government can 

only provide a maximum of 10 hours per day at peak time. Aside from electric heaters 

and radiators, people use several other types of appliances to warm the indoors including 

kerosene heaters, gas heaters, and wood-burning stoves. Exposure to emissions from 

kerosene heaters can cause headaches, dizziness, pain and tighten in the chest, blurred 

vision, nausea, and even death. Some demographic groups such as pregnant women, 

asthmatics, people with heart and lung diseases, children, and the elderly may be more 

adversely affected by these gases than the general public (Jamal, et al., 2021).  
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3.Materials and Methods: 

3.1. Description of sampling sites: 

Five sampling sites were selected in Erbil-Gwer main road in Erbil city as follows: 

Site 1 is Steel company, site 2 is near Sardasht village, site 3 is Gumrgi Nwe, site 4 is Doli 

Bandi Kareza and site 5 is near Turaq village. Samples were obtained on 21 January 2022. 

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 lower than WHO-

Ambient Air Quality standards and never exceeded 0.050 mg/m3 during the study period. 

The minimum value of 0.005 (mg/m3) was recorded at Turaq while the maximum value 

of 0.035 (mg/m3) was recorded at Gumrgi New.  

4.2. Total Volatile Organic Compounds-TVOC: During the study period, TVOC values 

were lower than maximum permission level of 0.50 mg/m3. The minimum value of 0.007 

(mg/m3) was recorded at Turaq while the maximum value of 0.251 (mg/m3) was recorded 

at Sardasht.  

4.3. PM2.5 and PM10: Particulate Matter-PM2.5 and PM10 were low during the whole study 

period and never exceeded the maximum permission value of 15 (µg/m3) and 45 (µg/m3) 

for PM2.5 and PM10 respectively, with the exception of PM2.5 at Turaq which was 17 

(µg/m3).  

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

whole period of this study. The minimum value of 1028 (ppm) was recorded at Steel 

company while the maximum value of 1143 (ppm) was recorded at Gumrgi Nwe.  

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

cities in KRI and Iraq. As concentrations rise above 1,000 ppm, decision-making ability 

can be impeded by a further 23 per cent. 

 

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 (21.1.2022) 

Steel Company 0.007 0.079 0006 0010 1028 

Sardasht 0.011 0.251 0003 0005 1069 

Gumrgi Nwe 0.035 0.080 0006 0010 1143 

Doli Bandi Kareza 0.020 0.118 0010 0018 1110 

Turaq 0.005 0.007 0017 0030 1001 

Air Quality Standards 0.050 0.500 0015 0045 1000 
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5. CONCLUSIONS AND RECOMMENDATIONS 
5.1. Conclusions: 

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

1. Transportation, Dust storm and kerosene heaters are the main sources of air pollution. 

2.Oil refineries has impact on Environment and human health.  

3.Carbone dioxide-CO2 concentration exceeded the permission level at all locations. 

4. Toxic air pollutants emit from Oil refineries 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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