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Abstract: This research explores strategies, practices, and challenges in reducing environmental 

pollution and treating pollutants in Iraq. Pollution, driven by rapid industrial growth, population 

increase, and the legacy of conflict, severely impacts human health, biodiversity, and sustainable 

development. Key pollutants include air, water, and soil contaminants from both natural and human-

made sources, worsened by the remnants of wars like the Gulf War and the 2003 invasion, which 

left toxic substances such as depleted uranium. The study highlights Iraq’s environmental 

legislation, including the Environmental Protection and Improvement Law (2009) and Clean Air 

Law (2012), aimed at controlling pollution. However, weak enforcement, inadequate infrastructure, 

and a lack of advanced treatment technologies hinder pollution reduction efforts. Water and 

wastewater management, using technologies like membrane bioreactors and ultrafiltration systems, 

are essential for sustainable water treatment but face challenges such as financial constraints, poor 

enforcement, and political instability. The research also evaluates Iraq’s national strategies, 

including the 2024-2030 National Environmental Protection Strategy and the National Water and 

Waste Management Strategy. These strategies emphasize comprehensive waste management, public 

awareness, and investment in green technologies. Furthermore, environmental monitoring, through 

air quality stations and remote sensing technologies, is crucial for tracking pollution levels and 

shaping policy decisions. the research advocates for stronger regulatory frameworks, better 

enforcement of environmental laws, and international cooperation to address Iraq’s pollution 

challenges. Emphasizing innovative technologies and collaboration between the public and 

government is key to achieving long-term environmental sustainability in Iraq. 

 

 

1. Introduction 

Environmental pollution is broadly defined as the introduction of contaminants into the natural 

environment, resulting in adverse changes that affect the ecological balance and quality of life. This 

contamination can occur through the discharge of substances or energy that exceed the 

environment's self-purifying capacity, leading to chemical, physical, and biological mutations in the 

environment(Zhou et al., 2023) (Riffat et al., 2016). Pollutants, which can be chemical, biological, 

or physical materials, may be introduced intentionally or unintentionally and can be either foreign 

or naturally occurring substances that become harmful at certain concentrations(Das, 2025) (-, 

2023). The effects of pollution are not limited to human health but extend to animals and plants, 

causing diseases and ecological imbalances(Vij, 2015) (Swarup & Patra, 2005). Pollution is often 

categorized as point source or nonpoint source, depending on its origin, and can manifest in various 

forms, including air, water, soil, noise, and light pollution(Riffat et al., 2016) (Saremi, 2020). The 

rapid pace of industrialization, urbanization, and technological advancement has exacerbated 

environmental pollution, posing significant risks to both human and animal health(-, 2023) (Swarup 

& Patra, 2005). The presence of pollutants in the environment can lead to acute or chronic 

detriments, such as oxidative stress, immunotoxicity, and endocrine disruption in living 

organisms(Swarup & Patra, 2005). Addressing environmental pollution requires a multifaceted 
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approach, including pollution prevention, waste minimization, and the use of advanced technologies 

like nanotechnology for pollutant detection and control(Riffat et al., 2016) (Tonelli, 2024). 

Sustainable development and environmental engineering are crucial in mitigating the adverse 

effects of pollution and ensuring the preservation of natural resources for future generations(Das, 

2025) (Saremi, 2020). 

The topic of environmental pollution in Iraq is of critical importance, particularly in the context of 

rapid industrial growth and population increase. Iraq has faced significant environmental challenges 

due to a combination of factors, including economic activities, wars, and inadequate environmental 

policies. The transformation of natural resources into economic commodities has led to severe 

pollution of air, water, and soil, exacerbated by industrial and agricultural activities(Hamza et al., 

2024). The Iraqi environment has suffered from a clear deterioration, with pollution being one of 

the most pressing issues due to human actions and the aftermath of military conflicts, which have 

left a legacy of environmental damage(Arzoqi & Ali, 2022). Air pollution, particularly in densely 

populated areas like Baghdad, is a major concern, with dust storms and industrial emissions 

contributing to elevated levels of suspended particles, far exceeding international standards(Majeed, 

2025). The post-2003 era has seen further environmental degradation, with pollution threatening 

human health and sustainable development, necessitating a reevaluation of environmental policies 

to mitigate these impacts(Al-Yasiri, 2022). Environmental management systems are crucial for 

reducing pollution and promoting sustainable development, emphasizing the need for cleaner 

production and effective resource management(Lftah, n.d.). The health and security of Iraq's 

population are at risk due to environmental pollution, which has been exacerbated by external 

factors such as upstream waste disposal into major rivers and the use of prohibited weapons during 

conflicts( 2022سعدون,  ). In the Kurdistan Region, air pollution is compounded by political instability, 

population growth, and inadequate public services, with unique local sources such as household 

kerosene heaters contributing to the problem(Hama-Aziz, 2022). Heavy metal pollution from oil 

facilities further highlights the environmental challenges, with concentrations exceeding safe limits 

and posing risks to soil and human health(Samir & Kosaj, n.d.). The environmental footprint of 

Iraq's industrial activities underscores the need for sustainable urban and regional planning to 

address pollution and its long-term effects(Hameed, n.d.). Finally, the legacy of conflict has created 

pollution hotspots that require urgent remediation to prevent long-term economic and 

environmental damage, emphasizing the need for comprehensive environmental management as 

part of Iraq's reconstruction efforts("Conflict Pollution Hotspots in Iraq: Lan...", 2023). Addressing 

these multifaceted issues is essential for Iraq's sustainable development and the well-being of its 

population. 

iraq faces significant environmental pollution challenges primarily due to rapid industrial growth 

and population increase, compounded by historical and ongoing conflicts. The country's 

environment has been severely impacted by unsustainable development practices, lack of modern 

pollution treatment technologies, and the aftermath of military operations, which have collectively 

led to air, water, and soil pollution(Arzoqi & Ali, 2022). The oil and gas industry, a major economic 

sector, contributes significantly to environmental degradation through the flaring of associated 

gases and the discharge of untreated wastewater, which pollutes both surface and 

groundwater(Б.М.Н.М. & А.А., 2023). Additionally, the absence of effective waste management 

systems exacerbates pollution, particularly in areas like Diyala Governorate, where improper 

disposal and burning of municipal solid waste lead to air, soil, and water contamination, posing 

health risks to nearby communities(Jbara, 2024). Air pollution is a critical issue, with dust storms 

and industrial emissions significantly increasing the levels of suspended particles and heavy metals 

in the atmosphere, particularly in urban areas like Baghdad(Majeed, 2025) (Saleem & Abdullah, 

2024). The southern regions of Iraq also suffer from high levels of gaseous pollutants and heavy 

metals due to fossil fuel combustion and industrial activities, contributing to respiratory and 

cardiovascular diseases among the population(Salman et al., 2024). Despite these challenges, 

national and international efforts to address environmental changes in Iraq remain insufficient 

relative to the scale of the problem, highlighting the need for more robust policies and 
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interventions(Hajool & Ameen, 2024). The environmental degradation not only threatens public 

health but also undermines economic growth, as the costs associated with pollution control and 

environmental restoration continue to rise(Hamza et al., 2024). Overall, Iraq's environmental 

pollution challenges are multifaceted, requiring comprehensive strategies that integrate 

technological, regulatory, and community-based approaches to mitigate the adverse impacts on 

health and the environment. 

2. Background 

Pollution in Iraq is a multifaceted issue exacerbated by decades of conflict, industrial growth, and 

unsustainable resource use, affecting air, water, and soil quality. The environmental degradation in 

Iraq is largely attributed to the aftermath of wars, including the Gulf War and the 2003 invasion, 

which have left a legacy of pollutants such as depleted uranium and other hazardous materials in the 

environment(Al-Shammari, 2016) (Arzoqi & Ali, 2022). Air pollution is particularly severe, with 

dust storms being a primary source, compounded by emissions from industrial activities, 

transportation, and power generation. Cities like Baghdad experience frequent dust storms, with 

suspended particulate matter levels often exceeding international standards(Majeed, 2025) (Salman 

et al., 2024). In Mosul, air quality assessments reveal significant seasonal variations in pollutants 

like NO2 and SO2, with concentrations frequently surpassing WHO guidelines, highlighting the 

compounded effects of climate stress and pollution(Altahaan & Dobslaw, 2025). Water pollution is 

equally concerning, particularly in the Tigris River, where war-related contaminants such as heavy 

metals and other pollutants consistently exceed WHO limits, posing significant health 

risks("Assessment of war impact on concentratio...", 2023). Soil pollution is also prevalent, with 

areas like the Al-twaitha nuclear site suffering from radioactive contamination due to past military 

actions(Al-Shammari, 2016). The unsustainable use of resources, coupled with poor environmental 

management and rapid population growth, further exacerbates these issues, leading to a significant 

imbalance in Iraq's environmental systems(ارزوقي & علي, n.d.) (Arzoqi & Ali, 2022). The Kurdistan 

Region of Iraq also faces deteriorating air quality due to political instability, population growth, and 

inadequate public services, with unique pollution sources such as household kerosene heaters 

contributing to the problem(Hama-Aziz, n.d.). Addressing these environmental challenges requires 

comprehensive remediation efforts and sustainable development strategies to mitigate the long-term 

health and economic impacts on the Iraqi population("Conflict Pollution Hotspots in Iraq: Lan...", 

2023) ( 2022سعدون,  ). 

3.  Legal and Regulatory Framework 

3.1. Environmental Protection Laws in Iraq: 

The Environmental Protection and Improvement Law (No. 27 of 2009) in Iraq forms a fundamental 

legal framework aimed at safeguarding the environment and mitigating pollution and environmental 

damage. This law was enacted in response to the significant environmental challenges faced by 

Iraq, particularly the high levels of pollution resulting from industrial activities. The law is 

grounded in the Iraqi Constitution of 2005, which explicitly mandates the protection of the 

environment and biodiversity, thereby obligating state authorities to ensure a clean and safe 

environment for its citizens( 2024زهراو,  ). The law outlines the responsibilities of both natural 

persons and legal entities in protecting and improving environmental conditions, emphasizing 

sustainable development as a core principle(Ličbinský et al., n.d.). It establishes a comprehensive 

legal structure that includes preventive and repressive measures to control environmental pollution. 

Preventive measures involve the use of monitoring and licensing instruments by government bodies 

and local communities, while repressive measures include administrative, civil, and criminal 

sanctions for violations(Sodikin, 2010) (Dewi, 2013). The law also provides for the assessment of 

environmental damage, including the economic costs associated with pollution, such as health 

deterioration and resource depletion(Ivanushkin & Yakovleva, 2025). Similar legislative 

frameworks, like Indonesia's Law No. 32 of 2009, also emphasize the importance of legal 

protection against environmental pollution, highlighting the role of government mediation and 

enforcement in preventing environmental degradation(Galigo, n.d.) (Sulistyawati, & 
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Kusumawardhani, 2023). These laws collectively underscore the necessity of legal instruments in 

managing environmental issues and ensuring compliance with environmental standards to foster 

sustainable development and protect public health. 

3.1.1. Clean Air Law (No. 4, 2012):  

The Iraqi Clean Air Law (No. 4, 2012) is a legislative measure aimed at regulating emissions into 

the air and imposing penalties on violators to address the significant air pollution challenges in Iraq. 

This law is part of a broader framework of environmental legislation that includes the Act of Protect 

and Improve Environment in 2009 and the Order of Air Protection in 2012, which collectively aim 

to maintain air quality through preventive and curative mechanisms(Abdulkadhim et al., 2017). The 

Clean Air Law is crucial given Iraq's history of environmental degradation due to industrial 

activities and the use of internationally prohibited weapons during conflicts, which have led to 

severe air pollution and associated health problems such as cancer and birth defects(Ashour & 

Wahab, 2016) (Ashour & Wahab, n.d.). The Iraqi Constitution of 2005 explicitly recognizes the 

right to a clean environment, mandating state authorities to ensure environmental protection and 

impose penalties for violations( 2023( )منديل, 2024زهراو,  ). Despite these legislative efforts, 

enforcement remains a challenge due to issues such as corruption, lack of coordination, and 

insufficient environmental expertise(Abdulkadhim et al., 2017). The Clean Air Law, therefore, 

represents an essential step in Iraq's legal and administrative efforts to combat air pollution, 

although its effectiveness is contingent upon robust enforcement and public awareness 

initiatives(Abdulkadhim et al., 2017) (Subekti et al., 2023). Additionally, the law complements 

other environmental policies, such as proposed pollution taxes on industrial firms, which aim to 

incentivize reductions in emissions and promote cleaner production practices(Karim, 2022). 

Overall, the Clean Air Law is a critical component of Iraq's strategy to mitigate air pollution and 

protect public health, although its success depends on overcoming existing enforcement barriers and 

enhancing institutional capacities(Abdulkadhim et al., 2017) ( 2022سعدون,  ). 

3.1.2. Amendments to Current Laws:  

Iraq has been actively working to amend and strengthen its environmental legislation to address the 

significant challenges posed by pollution and climate change. The Iraqi Constitution of 2005 

explicitly recognizes the right to a clean environment, which has been further supported by the 

enactment of the Law on Environmental Protection and Improvement No. 27 of 2009. This law 

aims to protect the environment and includes punitive measures for violations, reflecting a 

commitment to legal frameworks that mitigate environmental harm( 2023( )منديل, 2024زهراو,  ). In 

response to global climate change concerns, Iraq has also focused on reducing greenhouse gas 

emissions and promoting renewable energy. This includes initiatives like the ambitious plan to 

generate 12,000 MW of solar energy and projects to reduce methane emissions, such as the Flare 

Gas Recovery and Vapor Recovery Units projects(AlSalait & Al‐Sabur, 2024). Furthermore, Iraq 

has aligned itself with international environmental agreements, such as the Paris Agreement, to 

enhance its environmental policies and strategies, including the development of a national strategy 

for environmental improvement from 2024 to 2030( 2025محيبس & رحيم,  ). The Kurdistan Region has 

also contributed by implementing the Law on Environmental Protection and Improvement No. 8 of 

2008, which aligns with Islamic Sharia principles to some extent but requires further enhancements 

to address certain environmental crimes more effectively(Ahmed & Karim, 2024). Additionally, 

Iraq has enacted specific laws to tackle air pollution, such as the Act of Protect and Improve 

Environment in 2009 and the Order of Air Protection in 2012, which provide administrative 

mechanisms to maintain air quality(Abdulkadhim et al., 2017). These legislative efforts are 

complemented by international cooperation and the involvement of non-governmental 

organizations, which are crucial for enforcing environmental laws and promoting sustainable 

development( 2024الحسون,  ) (Li, 2025). Overall, Iraq's legislative amendments and initiatives reflect 

a comprehensive approach to strengthening environmental protection, balancing industrial 

development with ecological sustainability, and fulfilling international commitments. 
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3.1.3. Laws related to Industrial Pollution and Water: 

In Iraq, the legal framework governing industrial pollution and water management is primarily 

shaped by several key laws and regulations. The Iraqi Constitution of 2005 explicitly mandates the 

protection of the environment and biodiversity, obligating state authorities to ensure a clean 

environment for its citizens( 2024زهراو,  ). This constitutional provision is operationalized through 

the Law on the Protection and Improvement of the Environment No. 27 of 2009, which aims to 

mitigate environmental damage and includes penalties for non-compliance( 2024زهراو,  ). 

Additionally, Law 25 of 1967 and Law 3 of 2012 set standards for river water and discharged 

wastewater, as well as the reuse of treated water for agricultural purposes(Abood et al., 2024). 

These laws require that industrial wastewater be treated to meet specific quality standards before 

discharge, to prevent interference with the natural self-cleaning mechanisms of water bodies(Jin, 

2001) (张勇 & 万金泉, n.d.). The treatment processes often involve a combination of chemical, 

physiochemical, and biological methods to ensure compliance with these standards(Jin, 2001) (张勇 

& 万金泉, n.d.). Despite these regulations, challenges persist, particularly in the oil and gas sector, 

where the lack of adequate treatment facilities leads to significant pollution of water 

bodies(Б.М.Н.М. & А.А., 2023). The centralized treatment of industrial wastewater is encouraged, 

although not mandated, to streamline compliance and improve environmental outcomes(韩冰, n.d.). 

Furthermore, the enforcement of these regulations is complicated by insufficient monitoring and 

measurement tools, which hampers effective compliance checks(Б.М.Н.М. & А.А., 2023). The 

environmental situation is exacerbated by external factors, such as upstream pollution from 

neighboring countries and historical conflicts that have damaged infrastructure( 2022سعدون,  ). 

Overall, while Iraq has established a legal framework for industrial pollution control, the 

implementation and enforcement of these laws require significant improvement to effectively 

protect water resources and public health. 

4. Pollution Reduction Strategies and Policies 

4.1. National Strategies: 

4.1.1. 2024-2030 National Environmental Protection Strategy:  

 The Iraqi National Strategy for Environmental Protection 2024-2030 is a comprehensive plan 

aimed at addressing the multifaceted environmental challenges facing Iraq, with a focus on reducing 

harmful emissions, improving resource utilization, and strengthening environmental monitoring 

systems. The strategy emerges in response to the severe environmental degradation caused by 

decades of conflict, unsustainable development practices, and inadequate environmental policies. 

Iraq's environment has been significantly impacted by pollution from military operations, industrial 

activities, and the oil and gas sector, which have led to air, water, and soil contamination( ,سعدون

2022) (Arzoqi & Ali, 2022) (Б.М.Н.М. & А.А., 2023). The strategy emphasizes the need for 

modernizing infrastructure, particularly in the oil and gas industry, to reduce the flaring of 

associated gases and improve waste management systems(Б.М.Н.М. & А.А., 2023). Additionally, it 

seeks to enhance environmental governance by addressing the current lack of coordination among 

governmental institutions and the weak enforcement of environmental laws( 2025مروشن,  ). The 

strategy also aligns with Iraq's commitment to the 2030 Sustainable Development Agenda, which 

underscores the importance of sustainable resource management and environmental protection as 

integral to national development goals( 2022الزبيدي & الزرفي,  ). To achieve these objectives, the 

strategy proposes the adoption of advanced technologies and practices, such as the use of 

photovoltaic plants to harness renewable energy, thereby reducing reliance on fossil fuels and 

lowering emissions(Chaichan & Kazem, 2018). Furthermore, the strategy calls for the enhancement 

of environmental impact assessments (EIA) to ensure that development projects comply with 

environmental standards and contribute to sustainable development(Al-Fatlawi et al., 2022). By 

integrating these measures, the strategy aims to mitigate the adverse effects of climate change, such 

as desertification and water scarcity, which are exacerbating Iraq's environmental 
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vulnerabilities(Adamo et al., 2018). Overall, the strategy represents a critical step towards achieving 

environmental sustainability in Iraq, requiring concerted efforts from both the government and civil 

society to implement effective policies and practices ( 2023احمد,  ). 

4.1.2.National Water and Waste Management Strategy: 

Iraq's national strategy for water and waste management is multifaceted, addressing both internal 

and external challenges to improve water quality and manage waste effectively. Internally, the 

strategy emphasizes prudent water management practices, including the realistic distribution of 

water among governorates, enhancing water use efficiencies within irrigation networks, and 

increasing the use of non-conventional water sources. This involves adjusting water tariffs, 

improving agricultural techniques, and implementing public awareness programs to promote water 

conservation(Al‐Ansari et al., 2024). Additionally, the strategy includes upgrading wastewater 

treatment plants (WWTPs) to increase their capacity and efficiency, promoting efficient irrigation 

techniques, and constructing water storage facilities to address water scarcity challenges(Todd, 

2023). The reuse of treated wastewater, particularly in agriculture, is also a key component, as it 

helps mitigate water shortages and reduces reliance on conventional water sources(Al-Lami et al., 

2019). Externally, Iraq is engaged in diplomatic negotiations with riparian countries like Turkey and 

Iran to secure equitable water shares from the Tigris and Euphrates Rivers, which are crucial given 

the upstream dam constructions that have significantly reduced water flow into Iraq(Jawad & Amir, 

2022) (Salih, 2023). In terms of waste management, the strategy involves implementing stringent 

environmental legislation, enhancing public awareness, and fostering collaboration between 

individuals and the government to ensure safe and environmentally friendly waste disposal(Duraye, 

2025). The integration of waste management with energy production, such as exploring waste-to-

energy solutions, is also being considered to achieve sustainable solid waste management(Kareem 

et al., 2024). Overall, Iraq's strategy is comprehensive, addressing both the immediate need for 

improved water quality and the long-term sustainability of its water and waste management 

systems. 

4.2. Water and Sewage Treatment Practices: 

4.2.1 Wastewater Treatment Plants (WWTPs):  

In Iraq, the modernization and development of wastewater treatment plants are crucial for ensuring 

proper treatment and reducing water pollution, given the country's arid climate and increasing water 

scarcity. The Al-Doura refinery's wastewater treatment plant exemplifies effective modernization, 

achieving high removal efficiencies for contaminants such as oil and grease, turbidity, COD, and 

BOD through a combination of granular activated carbon filters, ultrafiltration, and reverse osmosis, 

aligning with Iraqi and EPA standards(Abdulkareem et al., 2021). In Samawah city, strategic 

planning for the optimal location and design capacity of wastewater treatment plants has been 

emphasized to enhance environmental and economic outcomes. This involves using tools like 

Google Earth and WinQSB to determine suitable plant locations based on population, water 

consumption, and infrastructure costs(Hussien et al., 2020). Advanced treatment technologies, such 

as membrane filtration, advanced oxidation processes, and electrochemical treatments, are 

increasingly adopted to address complex contaminants and improve treatment efficiency, thereby 

supporting sustainable water management practices(Pandit & Sharma, 2024) (Fawzy et al., 2024). 

Innovations like microbial fuel cells and nanotechnology are also being explored to enhance 

treatment processes and energy recovery, contributing to eco-friendly and sustainable 

solutions(Tripathi et al., 2023). Furthermore, the integration of physical, chemical, and biological 

methods in primary, secondary, and tertiary treatment stages is essential for comprehensive 

contaminant removal and nutrient control(Rout, 2013). The focus on recycling and reusing treated 

wastewater is gaining traction as a strategy to conserve water resources and ensure future 

sustainability, with advanced physicochemical and biological methods being pivotal in this 

regard(Modekwe et al., 2024). Overall, Iraq's approach to wastewater treatment involves a blend of 

traditional and innovative techniques, aiming to meet stringent effluent standards and contribute to 

global water sustainability goals(Mojiri & Bashir, 2022) (Donde, 2017). 
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4.2.2. Advanced Water Treatment Technologies:  

In Iraq, advanced water treatment technologies utilizing membrane bioreactors (MBRs) and 

ultrafiltration (UF) systems have been effectively implemented for municipal wastewater treatment 

and water purification. The use of submerged hollow fiber MBR systems has been tested under 

Iraqi conditions, demonstrating significant efficacy with about 85% chemical oxygen demand 

(COD) removal and maintaining turbidity well below 0.61 NTU, indicating high-quality effluent 

suitable for reuse(Abbas & Abdul-Majeed, 2012) (Abbas et al., n.d.). MBR technology, which 

combines biological treatment with membrane filtration, offers superior effluent quality due to 

complete solid removal and a reduced footprint compared to conventional systems(Krause & 

Thiemig, 2013). This technology is particularly advantageous in regions like Iraq, where water 

scarcity and the need for efficient wastewater management are critical. Additionally, the integration 

of MBRs with ultra-low energy reverse osmosis (ULE RO) systems has been explored for on-site 

wastewater treatment at Forward Operating Bases (FOBs), aiming to produce high-quality water for 

potable and non-potable reuse, thereby reducing the logistical burden of water transport(Wang, 

2014). Furthermore, the combination of MBRs with UF and nanofiltration (NF) systems has been 

shown to effectively remove inorganics, achieving compliance with standards for irrigation and 

cooling system applications, although UF alone may not meet all reuse standards due to high 

electron conductivity levels(Aziz & Kasongo, 2021). The application of MBRs in Iraq aligns with 

global trends where membrane-based technologies are increasingly adopted for wastewater 

reclamation and reuse, driven by the need for sustainable water management solutions(Wu et al., 

n.d.). These technologies not only address the challenges of water scarcity but also enhance the 

quality of treated water, making it suitable for various reuse applications, thus contributing to the 

sustainable management of water resources in Iraq. 

5. Environmental Monitoring Practices and Technologies 

5.1. Environmental Monitoring Technologies: 

5.1.1. Air Quality Monitoring Stations:. 

Air quality monitoring stations play a crucial role in measuring pollution levels in major Iraqi cities 

by providing essential data on various air pollutants, which is vital for assessing environmental 

health risks and informing policy decisions. In Baghdad, for instance, fixed annual stations have 

been used to map the distribution of pollutants such as nitrogen dioxide (NO2), sulfur dioxide 

(SO2), and carbon monoxide (CO) using GIS techniques, revealing that while NO2 and CO levels 

were within WHO limits, SO2 concentrations exceeded them significantly(Mohammed et al., 

2019). Similarly, in Kirkuk, air quality points and remotely sensed data have been utilized to assess 

the Air Quality Index (AQI) and particulate matter (PM10 and PM2.5), indicating unhealthy to 

hazardous pollution levels that necessitate immediate intervention(Jumaah et al., 2023). In Basra, 

the integration of satellite data with ground station measurements has shown strong correlations for 

SO2, highlighting the effectiveness of combining different data sources for comprehensive air 

quality assessments(Khreebsh & Azeez, 2024). Furthermore, in Al-Hillah, monitoring stations have 

recorded PM10 and PM2.5 levels, with PM10 often exceeding WHO standards, underscoring the 

impact of urban activities and environmental conditions on air quality(Grmasha et al., 2021). The 

monitoring stations in Baghdad have also been pivotal in identifying the high levels of total 

suspended particulates (TSP) due to dust storms and human activities, which are significantly above 

international standards(Majeed, 2025). Additionally, in Erbil, data from monitoring stations have 

been used to model the dependence of ozone levels on various meteorological factors, providing 

insights into the dynamics of air pollution in urban settings("Analysing the Pollutants Dispersion in 

E...", 2022). These stations not only measure pollutant concentrations but also facilitate the 

development of real-time monitoring systems, as seen in the IoT-based environment pollution 

monitoring system designed for Iraq, which aims to provide wide-scale, real-time data to inform 

citizens and policymakers(Al-jarakh et al., n.d.). Overall, air quality monitoring stations are 

indispensable for understanding pollution dynamics, assessing health risks, and guiding 

interventions to improve air quality in Iraq's major cities. 
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5.2. Remote Sensing Technologies:  

In Iraq, a variety of technologies are employed to monitor air quality and pollution levels, with a 

significant emphasis on remote sensing technologies using satellite data. Remote sensing, combined 

with Geographic Information Systems (GIS), is extensively used to assess air pollution across 

different regions of Iraq, including urban areas like Baghdad, Mosul, Basra, and Erbil. For instance, 

in the Nahrawan region of Baghdad, Earth Data sources, Google Earth Engine (GEE), and GIS 

software are utilized to extract data on gaseous and particulate pollutants, demonstrating a strong 

correlation between ground-based and remote sensing data(Jadem et al., 2023). Similarly, in Mosul, 

remote sensing datasets from the European Organization for the Exploitation of Meteorological 

Satellites (EUMETSAT) and the Copernicus Atmosphere Monitoring Service (CAMS) are used to 

measure PM2.5 and PM10 concentrations, revealing that these levels often exceed both Iraqi and 

international standards(Mohammad et al., 2022). In Basra, satellite data is used alongside stationary 

environmental station data to monitor pollutants like SO2 and NO2, showing a strong correlation 

between satellite and ground station data for SO2, though less so for NO2(Khreebsh & Azeez, 

2024). Additionally, climatic data and polynomial models are employed to estimate PM2.5 levels 

across Iraq, highlighting the influence of climatic variables on air pollution(Jumaah et al., 2024). 

The use of R programming language to process PM2.5 data from the Copernicus program further 

exemplifies the integration of remote sensing with advanced data processing techniques to analyze 

spatial pollution patterns(Ali et al., 2023). In Erbil, GEE, GIS, and remote sensing techniques are 

used to track pollutants such as NO2, SO2, and PM2.5, with findings indicating significant 

pollution level fluctuations due to factors like urban expansion and quarantine measures during the 

COVID-19 pandemic(Ali et al., n.d.). Moreover, remote sensing data is crucial in assessing the 

impact of intense weather events, such as dust storms, on air quality, as seen in Baghdad where 

PM2.5 and PM10 levels soared during a dust storm in May 2022(Attiya & Jones, n.d.). These 

technologies collectively provide a comprehensive framework for monitoring air quality, enabling 

authorities to better understand pollution dynamics and devise strategies for mitigation and public 

health protection across Iraq. 

6. Challenges in Environmental Monitoring: 

Environmental monitoring in Iraq faces significant challenges due to a combination of limited 

monitoring infrastructure, unreliable data, and economic constraints. The country's environmental 

governance is hampered by a lack of coordination among governmental institutions, overlapping 

authorities, and weak enforcement of environmental laws, despite some promising initiatives( ,مروشن

2025). The oil and gas industry, a major contributor to pollution, lacks adequate monitoring 

programs and measuring instruments to ensure compliance with environmental legislation, 

exacerbating pollution issues(Б.М.Н.М. & А.А., 2023). Additionally, Iraq's geographical location 

and climatic conditions, such as frequent dust storms and high temperatures, further complicate 

environmental monitoring efforts( 2022سعدون,  ) (Abdulrahman, 2022). The prolonged conflicts have 

also disrupted environmental systems, leading to infrastructural collapse and unsustainable resource 

practices, which have not been adequately addressed due to the scarcity of comprehensive 

assessments and localized measurements(Altahaan & Dobslaw, 2025). The economic challenges are 

compounded by the need for modernization and investment in infrastructure, which has been 

neglected due to decades of sanctions and wars(Б.М.Н.М. & А.А., 2023). Moreover, the lack of 

public awareness and education on environmental issues contributes to the ongoing degradation, as 

citizens often engage in environmentally harmful practices(ارزوقي & علي, n.d.). The absence of clear 

environmental policies and the reliance on outdated technologies further hinder effective 

monitoring and response to environmental challenges(Arzoqi & Ali, 2022). To address these issues, 

there is a need for a national strategy that integrates environmental considerations into all 

development sectors, promotes sustainable infrastructure, and enhances cooperation with 

international organizations( 2024الهيتي,  ). Implementing advanced monitoring technologies, such as 

electronic air quality sensors, could improve data collection and analysis, but this requires 

overcoming financial and technical barriers( 2024الله & الشعير,  ) (Dorn, 2013). Overall, Iraq's 
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environmental monitoring challenges are multifaceted, requiring coordinated efforts across various 

sectors to ensure sustainable development and environmental protection. 

7. Chemical Pollution and Hazardous Waste Treatment 

7.1. Waste Management:  

7.1.1. Hazardous Waste Disposal Projects:. 

In Iraq, the management and disposal of hazardous waste, particularly in industrial areas, face 

significant challenges due to the legacy of wars and the lack of comprehensive national strategies. 

The country has been dealing with hazardous waste issues, including contamination from depleted 

uranium (DU) used in conflicts, which has led to severe environmental and health impacts(Al-

Ansari et al., 2013) (Al-Taie et al., 2013). One proposed solution is the establishment of landfill 

sites, such as the Umm Chaimin depression, designed to safely contain radioactive waste for 

extended periods, potentially up to thousands of years, by using clay-based liners to prevent 

leakage(Al-Ansari et al., 2013) (Al-Taie et al., 2013). In urban areas like Hilla City, innovative 

waste management techniques have been introduced, including a three-step separation method that 

uses color-coded bins and magnetic sorting to efficiently segregate hazardous materials, achieving 

an 87% separation efficiency during pilot tests(Al-Isawi et al., 2025). This approach, if widely 

implemented, could significantly reduce environmental pollution and improve waste management 

practices(Al-Isawi et al., 2025). Additionally, Iraq's medical waste management primarily relies on 

incineration, which, while effective in reducing waste volume, poses risks due to the release of 

heavy metals and toxic materials into the environment(Jaber et al., 2021). The broader context of 

hazardous waste management in Iraq is compounded by the absence of a national program and the 

necessary scientific and technical resources to address these issues comprehensively(Al-Ansari et 

al., 2013) (Al-Taie et al., 2013). The integration of advanced technologies, such as real-time GPS 

tracking for waste transport and automation systems to minimize human exposure, could enhance 

the safety and efficiency of hazardous waste management in Iraq(Baghel et al., 2024). Furthermore, 

adopting sustainable treatment methods like bioremediation and advanced oxidation processes 

could mitigate the environmental footprint of hazardous waste, aligning with global trends towards 

more sustainable waste management practices("Assessment of Innovative Technologies fo...", 2024) 

(Cheremisinoff & Cheremisinoff, 1995). Overall, while there are initiatives and proposals in place, 

Iraq's hazardous waste management requires significant improvements in strategy, technology, and 

infrastructure to effectively address the challenges posed by industrial and war-related waste. 

7.1.2 Industrial Wastewater Treatment Technologies:  

Industrial wastewater treatment technologies encompass a variety of methods designed to address 

the diverse and complex nature of pollutants found in industrial effluents. In Iraq, as in other 

regions, these technologies are crucial for mitigating environmental impacts and ensuring 

compliance with regulatory standards. Key technologies include physico-chemical processes such 

as coagulation, flocculation, and chemical precipitation, which are effective in removing suspended 

solids and certain dissolved substances from wastewater(Farzana et al., 2023). Advanced oxidation 

processes, including ozone oxidation and chlorine dioxide treatment, are employed to degrade non-

biodegradable organic compounds, enhancing the biodegradability of the wastewater(Hua, 2017). 

Biological treatments, both aerobic and anaerobic, are widely used for the removal of biodegradable 

organic pollutants, with combinations of these processes proving particularly effective(Awaleh & 

Soubaneh, 2014) (Awaleh et al., 2014). Membrane technologies, such as ultrafiltration and 

nanofiltration, are increasingly utilized in the final stages of treatment to remove fine particulates 

and dissolved ions, contributing to the production of high-quality effluent suitable for 

reuse(Muralikrishna & Manickam, 2017) (Ronny & Yael, 2021). Additionally, adsorption 

techniques using activated carbon or modified natural polymers are employed to remove specific 

contaminants like dyes and heavy metals(Awaleh & Soubaneh, 2014). The integration of these 

technologies into a comprehensive treatment system allows for the efficient reduction of chemical 

oxygen demand (COD) and other pollutants, facilitating the recycling and reuse of treated water, 

which is particularly beneficial in water-scarce regions like Iraq(Lingping, 2013) ("Treatment 
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Techniques of Industrial Efflu...", 2022). These technologies not only improve the environmental 

and economic sustainability of industrial operations but also help in achieving zero liquid discharge 

(ZLD) by minimizing waste and recovering valuable resources from wastewater(Ronny & Yael, 

2021). 

8. Challenges in Implementing Protocols 

Implementing pollution reduction protocols in Iraq faces numerous challenges, primarily due to a 

combination of technological, financial, regulatory, and socio-political factors. The environmental 

landscape in Iraq is heavily impacted by its oil industry, which contributes significantly to pollution 

through hydrocarbon contamination and gas flaring, particularly in regions like Basra where 

substantial amounts of gas are burned annually, releasing harmful gases such as CO2 and 

H2S( 2016بدالرضا & الحلفي, ع ). Despite the existence of legal frameworks, such as the Law for the 

Protection and Improvement of the Environment No. 27 of 2009, enforcement remains weak, with 

insufficient penalties for non-compliance and a lack of effective implementation strategies( ,زهراو

2024). The hydrocarbon crisis further complicates remediation efforts due to technological and 

financial constraints, as well as inadequate community engagement(Jabbar, n.d.). Additionally, the 

aftermath of prolonged conflicts has left Iraq with significant environmental damage, including 

contaminated land and air pollution, which exacerbates the challenges of implementing effective 

pollution control measures("Conflict Pollution Hotspots in Iraq: Lan...", 2023) (Altahaan & 

Dobslaw, 2025). Solid waste management also suffers from inadequate infrastructure and low 

public awareness, necessitating improvements in waste disposal and recycling systems(Kareem et 

al., 2024). Moreover, the economic cost of pollution is significant, yet environmental costs are often 

not integrated into national economic planning, hindering sustainable development efforts( ,الاسود

2024). Iraq's efforts to decarbonize its petroleum industry, such as the Flare Gas Recovery project 

and the adoption of solar energy, indicate a commitment to reducing emissions, but these initiatives 

require substantial investment and international cooperation to be successful(AlSalait & Al‐Sabur, 

2024). Overall, the challenges are multifaceted, involving the need for stronger regulatory 

frameworks, enhanced public awareness, and substantial investment in green technologies to 

achieve meaningful pollution reduction in Iraq(ارزوقي & علي, n.d.) ( 2023احمد,  ). 

9. Results and Recommendations 

The effectiveness of current waste management laws, strategies, and practices in Iraq is generally 

assessed as inadequate, with significant room for improvement across various dimensions. The 

challenges are multifaceted, involving insufficient infrastructure, weak regulatory frameworks, and 

low public awareness, which collectively hinder effective solid waste management (SWM) in the 

country (Kareem et al., 2024) (Duraye, 2025). In cities like Kerbala, the SWM system is notably 

weak, necessitating improvements in both physical infrastructure and management strategies, 

including better stakeholder engagement and clearer strategic planning (Abdulredha et al., 2018). 

Likewise, in Basrah, the current practice of open dumping is environmentally detrimental, and 

while integrated waste management scenarios that include recycling and composting have been 

recommended, their economic benefits remain limited (Elagroudy et al., 2011). The situation in 

Baghdad is exacerbated by rapid population growth, leading to increased waste production that 

overwhelms existing infrastructure, with much waste being disposed of in environmentally harmful 

ways (Mustafa et al., 2018). Moreover, the environmental impact assessment (EIA) process in Iraq, 

though improved since 2009, still falls short in several areas, indicating a need for enhanced 

funding, capacity building, and regulatory monitoring to ensure compliance and effectiveness (Al-

Fatlawi et al., 2022). The management of post-war waste, particularly in regions like Nineveh, also 

presents significant challenges, with large volumes of construction and demolition waste requiring 

sustainable management strategies (Noaman & Alsaffar, 2019). Furthermore, the economic 

potential of waste recycling remains largely untapped due to a lack of vision and mechanisms to 

integrate recycling into the broader economic framework, which could otherwise provide significant 

environmental and economic benefits (Musheb, 2018). Overall, while there are some promising 

initiatives, such as Najaf's exploration of waste-to-energy solutions(Kareem et al., 2024), the 
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overarching assessment is that Iraq's waste management systems require comprehensive reforms, 

including modern infrastructure development, stringent regulations, public education, and 

integration with energy production to achieve sustainability(Kareem et al., 2024) (Chiang et al., 

2024). 

Recommendations: 

1. Strengthen and update environmental laws. 

2. Increase government and NGO efforts to enforce these laws. 

3. Improve data collection, monitoring systems, and environmental awareness programs. 

Conclusion 

 A summary of the main points discussed in the paper. 

 Reaffirming the importance of improving Iraq's environmental policies. 

 A call for national and international cooperation to support Iraq in its environmental protection 
efforts. 
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