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Abstract 
Air pollution is an increasing environmental problem worldwide. People from Iraq and the Kurdistan Region of 
Iraq (KRI) constantly complain of poor air quality in the region. Many studies have investigated particular aspects 
of air pollution in the KRI, the issue, however, has never been comprehensively discussed. This study, unlike its 
precedents, collects all the documents, research articles, and ground facts available concerning air pollution, and 
aims to thoroughly understand all dimensions of the issue and classify its significant factors and sources. The result 
revealed that, compared to 40 years ago, current air quality in the KRI, specifically in the two largest cities of Erbil 
and Sulaimani, has deteriorated. The root causes were found to be political instability and wars in the region, a 
sharp increase in population, and poor public services. Similar to many other cities in developing countries, sources 
such as transportation have contributed in pollution. In addition, other significant sources such as dust storms, large 
and private power generators as well as household kerosene heaters which might not be present in other countries 
were found contributing in the escalation of the pollution. It is concluded that air pollution in the KRI is the 
outcome of a variety of causes and sources some of which may not be common in other parts of the world. 
Keywords: air pollution, dust storms, Kurdistan Region of Iraq, kerosene heaters, private power generators, 
transportation  

1. Introduction 

To date, air pollution, both outdoor and 
indoor, is the biggest environmental risk to health, 
especially in developing countries. Being exposed to 
air pollution can cause health risks including difficulty 
in breathing, wheezing, coughing, asthma, worsening 
of existing respiratory and cardiac conditions, and 
death. According to the World Health Organization 
WHO [1], an estimated 7 million people die every 
year from exposure to polluted air; about half of these 
deaths are a result of breathing indoor air pollutants. 
Most of these deaths occur in Asia. Iraq, like the other 
developing countries, faces this problem too [2-4]. For 
example, Iraq, according to WHO [5] report, 
experienced an annual PM2.5 concentration at 50 
μg/m3 which is far above the standard line of 10 
μg/m3. It is well-known that particulate matter (PM) is 
the most common air pollutant that has severe short 
term and long term impacts on human health 

 

 

 

 

 

Kurdistan Region of Iraq (KRI) where this 
study mainly focused is an autonomous region in the 
north of the country with approximately 7.2 million 
citizens (Figure 1). Generally, air quality in the KRI is 
better than that in the rest of Iraq because the KRI has 
more vegetation cover and more rainfall. However, 
residents in the KRI regularly complain about air 
quality deterioration. Therefore, researchers have 
carried out several investigations on particular aspects 
and sources of air pollution in the KRI. Nevertheless, 
none of those studies has addressed all of the issues 
concerning air pollution or presented the whole 
picture. Thus, the objective of this study is to collect 
all documents and research articles concerning air 
pollution in the KRI and classify the main causes and 
sources. The article is structured in the form that the 
main causes are presented followed by the main 
sources. At the end of the article, some suggestions 
are offered to improve air quality in KRI. This may 
help the rest of Iraq and other countries too, where air 
quality has been affected by the same factors of 
pollution. 
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Figure 1 Map of the study area. This study focuses 
on the three major cities: Erbil, Sulaimani, and 
Dohuk in the Kurdistan Region of Iraq (KRI) in 

the northeastern part of Iraq 

2. Methods 

The information used in this article has been derived 
from multiple sources, such as research articles 
published in the international or the local journals, 
books, reports of the United Nations (UN) 
organizations and other international organizations, 
government documents, unpublished doctoral theses, 
personal communications with owners of several 
private power generators and with the union 
representative of private power generators in 
Sulaimani, in addition to articles from news websites. 
As an insider living and working in the KRI, the 
author’s knowledge of the problem is also employed. 

3. Results and Discussion 

3.1. Root causes of air pollution 

3.1.1. Wars and sanctions 

It is broadly believed that some of the 
pollution the KRI experiences nowadays is linked to 
particular significant events that have happened in the 
last 40 years; thus, it is worth highlighting these 
causes. Before that, the country was fairly in peace 

and the government was able to provide public 
services to the inhabitants to a certain extent. The first 
major change happened in 1980 when the 8-year long 
Iraq- Iran war occurred, which costs $452 billion [6]. 
The infrastructure of the areas now known as KRI was 
again hit badly by the Anfal campaign in 1988 when 
over 10,00 Kurdish villages were destroyed [7]. 

During the 1990s and after the First Gulf War 
in 1991, the second major change happened in the 
country, which was the international economic 
sanctions imposed by the UN Security Council on Iraq 
and Saddam Hussein’s embargo on the KRI. Thus, the 
KRI at that time was under two economic sanctions. 
These sanctions lasted 11 years and paralyzed the 
country and its economy because of their 
comprehensive nature and extended duration. The 
sanctions prevented the reconstruction of the country 
which was completely devastated by the Gulf War 
damaging the country's infrastructure with losses 
estimated at $170 billion [8, 9]. The situation in the 
KRI in the 1990s was even worse than the rest of the 
country because of the double sanctions. According to 
a study by Kirk and Sawdon [10], 60% of the 
population in the KRI lived in deep poverty. The 
report concludes that the sanctions destroyed normal 
economic life for the vast majority. This all 
emphasizes that war and economic instability tend to 
be one of the reasons for the country’s ruined 
infrastructure which, in turn, is responsible for much 
of the pollution in the country. If only a tiny portion of 
this massive cost had been spent on the improvement 
of urban infrastructure, the current urban 
environmental problems of all cities in Iraq could 
have been solved [11]. 

3.1.2. 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 
such as [12-14] 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. The population of the KRI has 
more than doubled in the last two decades, rising from 
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3 million in 1997 to approximately 7.2 in 2019 [15, 
16] 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 [17]. 
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. As 
discussed earlier, the Kurdish villages were all 
destroyed during the Anfal campaign and the villagers 
were either massacred or relocated to some 
concentration camps. And, possibly most importantly, 
the conflicts inside and outside Iraq including the US-
led occupation in 2003, the Iraqi civil war afterward, 
the Syrian civil war since 2011, and the Islamic State 
of Iraq and Sham’s (ISIS) invasion of Mosul and the 
surrounding territories in 2014, all forced 
approximately 1.5 million Iraqis and non-Iraqis to 
leave the war zones and resettle in the KRI, where one 
in every four persons is either a refugee or an 
internally displaced person [18]. For example, over 
250,000 Syrian refugees now live in the KRI which is 
about 99% of all Syrian refugees in Iraq [19]. Adding 
these people to the population of the KRI which has 
relatively poor infrastructures and poor economic 
conditions can only increase the burden on the 
economy, society, and environment. And lastly, the 
current stability in the region is attracting businesses, 
creating jobs, and stimulating international 
immigration into the cities (especially in the capital 
city-Erbil), so that ex-pats from different parts of the 
world now work there. This is also noted by Hassan 
[11] as he stated that 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.  

3.1.3. Poor public services 

Iraq was marked as the world's 18th most 
corrupted country [20]. Corruption in the KRI is much 
talked about, yet far less documented. Illegal oil 
refineries are an apt 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. According to 
Lynch [21] and Ali [22], there are nearly 200 illegal 
oil refineries in Erbil that operate largely unregulated 
by safety or the environmental standards required by 
law, but only 50 of them are now closed because they 
are owned by influential people with ties to those in 
power. In addition, the KRI has very poor public 
transportation, possibly due to the wars and embargos 
mentioned earlier. Other studies such as [23, 24] have 
also shown that corruption has a negative and direct 
effect on air pollution. Furthermore, as the region does 
not provide 24 hours a day of electricity, people are 
forced to use kerosene heaters as well as large private 
power generators, and these are two sources of air 
pollution, as will be discussed later on in this article. 
If some portions of capital had been allocated for 
constructing power plants, there would not be air 
pollution from such sources. 

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. The two dominant dumping sites are 
Tanjaro in Sulaimani and Kani Qirzhala in Erbil. 
Majid [2] measured several air pollutants in 17 
locations inside Sulaimani, including heavily 
trafficked streets, some parks, and residential areas, in 
the Tanjaro dumping site, and inside an unventilated 
tunnel. He observed that the Tanjaro dumping site has 
the highest PM2.5 value which was 178 μg/m3,  which 
is over 17 times higher than the annual average (10 
μg/m3) set by the WHO [5]. As a result, it can easily 
be seen from the surrounding mountains in Sulaimani 
that the air quality in the south and southeast of the 
city, where the Tanjaro landfill is located, is poorer 
than that in the north. 

3.2. Major sources of air pollution 

3.2.1. Transportation 

Transportation has always been a contributor 
to air pollution worldwide. Incomplete combustion in 
transportation releases several pollutants, such as 
carbon monoxide, soot, particulate matter, oxides of 
sulfur, oxides of nitrogen, ash, and lead. These 



 

 
             Vol. 6 No. 3, 127-136                          http://dx.doi.org/10.22135/sje.2021.6.3, 127-136           130 

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 [25] and the 
European Commission [26]. 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 
anthropogenic, including transportation and dust 
storms.  

Ahmed, et al. [27] measured Polycyclic 
Aromatic Hydrocarbon (PAHs) and Oxygenated 
(OPAHs) in PM10 in the air at the five most crowded 
streets in the downtown area of Sulaimani, and found 
that the average level of the carcinogenic PAH B[a]P 
was higher than the legislated EU target value by a 
factor of three. The average level of this compound 
was even higher than previous reports from Porto, 
Portugal; Beijing, China; Mazar-e Sharifin, 
Afghanistan; Stockholm, Sweden, and Rome, Italy. 
However, the concentrations of most of OPAH in 
Sulaimani were found to be lower than in most of the 
above-mentioned cities. The lowest PAH 
concentrations were determined during the nighttime 
when there is less traffic. This study also marked 
gasoline and diesel combustion as potential primary 
emission source of the PAH and OPAHs in the air PM 
of Sulaimani. Ostro [28] reported that in urban areas, 
mobile sources such as cars, trucks, and buses could 
contribute to more than 50% of PM pollution. Al-
Arkawazi [29] too believes that up to 90% of air 
pollution in the rapidly growing cities in developing 
countries can be due to vehicles exhaust emissions. 

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). The 

number of newly registered vehicles between 2016 
and 2017 increased by 6.6%, whereas this ratio is 3% 
and 5% for the USA and Turkey, respectively [16]. 
One of the obvious consequences of deteriorating air 
quality in the region is the presence of photochemical 
smog which is a mixture of primary and secondary 
pollutants formed under the influence of sunlight in 
cities with heavy traffic [12]. Most modern cities in 
the world have some photochemical smog, but it is 
much more common in cities with a dry, warm, sunny, 
mountainous climate with a large number of vehicles. 
The city of Sulaimani, unfortunately, has exactly these 
conditions and so, photochemical smog can be easily 
seen from its surrounding mountains. 

It is not only the number of vehicles, but the 
system of transport in the KRI which is greatly 
different from the global and standard transportation 
system could be responsible for such deterioration in 
the air quality in the region. A large number of 
studies, such as [30-32], have determined the 
importance of public transportation in reducing urban 
air pollution. The public transportation system in the 
KRI, nevertheless, is very poor. Metro, train, or 
scheduled bus services do not exist. Only few private 
bus services are operating based upon the number of 
the passengers available rather than scheduled 
timetables, consequently, they are not found reliable 
and less used by the public. Most people have own 
vehicles and use them for their daily activities 
including regular commuting. Furthermore, KRI has 
been importing and exporting a large number of goods 
into and out of the region for the two decades of 
economic prosperity, but all of these goods are 
transported by road because the KRI is a landlocked 
region without a rail system. This has increased using 
trucks, both inside of and surrounding, the cities. KRI, 
further, exports about 500,000 barrels of oil per day 
through the Turkish port of Ceyhan [33]. The majority 
of oil fields, particularly in Sulaimani are not 
connected by pipelines; thus, the oil is transported by 
tanker trucks which, again, increases truck trips on the 
roads. 

3.2.2. 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 
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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 [34, 35]. 

There are some studies on dust storms in Iraq 
and it is common knowledge that Iraq is, 
unfortunately, a country that experiences dust storms. 
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 [36]. 
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 [37]. Between 
1950-1990, KRI had significantly fewer days of dust 
storms (less than 4 days) per year compared to the rest 
of the country, but Majid [2] reported that between 
2009-2010 Sulaimani has as many as 20 days of dust 
storms per year. Another study by Al-Kubaisi and 
Gardi [38] on dust storms in Erbil also noted a gradual 
increase in dust storms from 35 in 1992 to 65 in 2009. 
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 dust storms in both Iraq and KRI can be 
either regional or local. In the case of the former, a 
much larger area is affected and more severe health 
effects are felt than with the latter. Each type of that 
storm has its causes. The main causes behind the 
development of the regional dust storms are the 
climatic changes in the region (especially 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 [3].  

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 [3, 
38, 39]. The amount of rainfall in Iraq varies from the 
south and southwest parts (100 to 300 mm 
precipitation) toward the north and northeast parts 
(300 to 800 mm precipitation). Thus, KRI on the 
northeast receives a higher amount of precipitation 
(300 to 800 mm) than the rest of Iraq, which explains 
why dust storms occur less often in the KRI than in 
the rest of the country. Al-Dabbas, et al. [39] reported 
that the average annual rainfall in Baghdad decreased 
from 138 mm for the years 1970–1979 to about 36 
mm for the years 2000–2008. And as concerns 
precipitation rates in the future for the KRI, a model 
study also found a significant downward trend in 
precipitation between 1961-2099 [40]. This 
expectation of a future reduction in precipitation in 
Iraq is also supported by the USAID [41], believing 
there will be a decrease in the mean annual rainfall by 
9% by 2050, with the greatest reduction (-17%) 
expected during winter months. The effect of lack of 
precipitation in a developing dust storm was also 
highlighted by Hussain [42] when he noticed that the 
frequency of dust storms in Iraq was significantly 
higher in summer than in winter. The surface, 
therefore, loses its vegetation cover, contributing to 
the loosening of the topsoil cover, and contributing to 
the development of particles of clay and sand size. 
These particles were in action while the wind was 
blowing, causing a dust storm to develop.  

Another major cause of increasing dust storms 
is rising temperatures. Al-Dabbas, et al. [39] reported 
that the average annual temperature in Baghdad rose 
from 21.9°C in 1971 to 23.6°C in 2008, indicating a 
1.7°C rises within 40 years. Similarly, Al-Kubaisi and 
Gardi [38] observed that the average annual 
temperature in Erbil rose from 20.7°C in 1992 to 
22.7°C in 2009, meaning a 2°C rises within just 17 
years. As well, in a model study by Ibrahim [43], it 
was found that the highest land surface temperature 
for barren lands and build-up areas in Dohuk 
increased from 47°C in 1990 to 56°C in 2016. The 
temperature in Iraq including the KRI is expected to 
rise 2°C more by 2050 [41] and will contribute to a 
higher evaporation rate, drought, salinization, 
desertification, and agricultural land degradation 
which, in turn, will increase the prevalence of dust 
storms. 
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3.2.3. Large & private power generators 

As previously stated above, there is no 24 
hour a day electricity service in the KRI. The 
government currently generates 3,500 megawatts of 
electricity, which provides eight 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 
the KRI and Iraq was ruined during the two decades 
of war and sanctions. People, therefore, had used 
small, portable power generators placed at homes 
which, since 2007, were substituted by large, 
stationary diesel power generators placed in 
neighborhoods. These generators start operating when 
public electricity is not supplied, and the power is 
shared amongst 100-200 subscribed households. 
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 5,000 large diesel 
generators in the KRI. Inside Sulaimani city alone, for 
instance, 455 diesel generators were producing about 
160 megawatts of electricity in 2010 [2]; however, 
according to T. Samin, the representative of the Union 
of private generators in Sulaimani (personal 
communication, November 20, 2019), the number of 
the generators rose significantly to about 680 in 2019 
producing approximately 400 megawatts of power. 
An average of 15 hours of electricity was provided 
daily by these generators in 2018. Therefore, it is 
estimated that 750,000 liters of diesel fuel are 
combusted daily by these generators in Sulaimani city 
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 [44] is considered, then the 750,000 
liters of diesel will release about 2,000 tons of 
CO2/day in Sulaimani city. The 750,000 liters is 
approximately equivalent to the quarter of the total 
fuel combusted by all types of transportation in 
Sulaimani city. 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, during a few personal 
communications, 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. Although there is no scientific 
study on the impact of such generators on the air 
quality inside KRI, Saiyasitpanich, et al. [45] found 
that the increase of sulfur content in the diesel fuel is 
strongly correlated with the increase of diesel 
particulate matter. 

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. 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. 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. [46] 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 by mid-2020. 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. In an initiative, 10,000 trees were planted by 
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the owners of the generators in Sulaimani in 2019 to 
compensate for air pollution caused by the generators. 

3.2.4. Kerosene Heaters 

As mentioned earlier, indoor air pollution is 
as serious a problem as outdoor air pollution is, 
causing the death of about 3 million people per annum 
worldwide since people spend at least 70% of their 
time indoors [1]. 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 8 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. Of these, kerosene heaters have 
been the most used in the last century in the KRI and 
they remain the most common appliance used for 
heating during winter. A possible reason for this could 
be due to the subsidization of 200 liters of kerosene 
per family by the government each year.  

From its early introduction, especially during 
the 1980s, extensive studies conducted globally were 
carried out to determine the effect of the kerosene 
heaters on indoor air pollution and their effect on 
human health. Tu and Hinchliffe [47] studied the 
emissions from 3 conventional electrical heaters, 1 
quartz electrical heater, and 1 kerosene heater. Their 
results indicated that the aerosol concentration in an 
unvented chamber can be as high as 330 μg/m3 from a 
kerosene heater used for 1 h. The kerosene heater 
released 1 to 2 orders of magnitude more particles, 
both in mass and number than the other heaters. 
Similarly, in a comparative study, Ruiz, et al. [48] 
found that emissions inside homes using kerosene 
heaters were significantly higher than the emissions 
inside homes using electrical devices and/or central 
heating. Traynor, et al. [49] found that kerosene 
heaters can emit (PAHs); nitrated PAHs; 
alkylbenzenes, phthalates; hydronaphthalenes; 
aliphatic hydrocarbons, alcohols, ketones; and other 

organic compounds, some of which are known 
mutagens. Other studies such as [50-52] found 
kerosene heaters to be a significant source of CO2, 
CO, NOX, and SO2. 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.  

Although kerosene heaters have been widely 
used in the KRI, there is no scientific study thus far 
has been done on the health issues of their users. 
Anecdotally, however, it is known generally that 
many people complain about headaches, dizziness, 
and fatigue after using kerosene heaters, particularly 
at the beginning of the cold season. The low quality of 
kerosene used in the KRI can be one of the reasons for 
developing such health issues. Most of the kerosene 
heaters have to be placed outside of the homes during 
turning on and switching off to let the bad smell and 
polluted air release outdoors because the state of air 
quality on these occasions are intolerable. Also, there 
are many incidents of burns and deaths due to 
kerosene heaters that have been reported by the media 
and the police. It has been noted that most deaths 
occur at night when the kerosene heaters are left 
operating, unvented, and most burns and fire 
incidences happen during the day when people, 
especially children, are around the kerosene heaters. 
Nawzad [53] reported that in 2019 a fire caused by a 
kerosene heater killed four children in a tent of a 
refugee’s camp outside Kirkuk. As well, Basnews 
English [54] reported that in 2019 three people from 
the same family died; their deaths were caused by the 
fire from a kerosene heater in the town of Akre in 
Dohuk province. Kerosene heaters are the dominant 
type of heater used in schools and occasionally fire 
accidents have occurred. Basnews English [55] stated 
that a fire incident at a school in central Erbil injured 
two teachers when one of the students hit a kerosene 
heater. 

4. Conclusions 

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 
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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. Results showed that air 
pollution in the KRI is caused by three main factors, 
namely: a series of destructive wars in the region, a 
sharp increase in population, and poor public services. 
It is observed that the most significant sources were 
dust storms, household kerosene heaters, and large & 
private power generators which are not common in 
other parts of the world. Transportation was also 
found to be a major source of air pollution in the KRI, 
and is considered to be a substantial contributor 
worldwide. Thus, it is concluded that most aspects of 
air pollution in the KRI were different from those of 
the other countries, making solutions and prevention 
difficult. Sources of air pollution such as regional dust 
storms could not be controlled by the people and the 
local authorities as they originate outside their 
borders. However, most other sources such as local 
dust storms, transportation, kerosene heaters, and 
generators can be tackled through a combination of 
several solutions. The first and the most important 
solution is public transportation. Investment can be 
made in providing intracity and intercity time-
scheduled buses as well as metros. The government 
should also capitalize on constructing more electric 
power plants to increase power supply, leading 
residents not to rely on other unsafe, polluting 
appliances such as diesel generators and kerosene 
heaters. Since this semi-arid region is expected to be 
drier and hotter in the future, the current greenery area 
(12% ) for the KRI [56] should be enlarged to 
decrease local dust storms, reduce water evaporation, 
cool the weather, and freshen the air. Furthermore, the 
KRI population intensity is more than twice that of the 
Iraqi population intensity, so the current sharp rise of 
the population should be controlled to some extent. 
Finally, more research is suggested to determine and 
quantify all factors associated with air pollution in the 
KRI. 
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