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ABSTRACT 
 
The use of banned toxic weapons in Iraq during Gulf War 1991 started new debates. The 

increase in cancer cases was the main focus of these issues. The gap in literature motivated 

this study to find out the correlation between use of DU weapons and its effects on human 

health. The different probable causes of increase in cancer cases, in Iraq after Gulf War 1991, 

have been discussed in this study. Three causes; DU, brick kilns smoke near Basra and 

Kuwait oil fire smoke have been selected. The major emphasis of this study is on use of 

Depleted Uranium (DU). Different statistical data sets have been used and displayed in the 

form of maps and graphs using GIS methodologies. It’s hard to say after this GIS based study 

that the fired Depleted Uranium is the sole cause of increase in cancer incidences in Iraq, 

while some trends and risk factors at least can be observed where increase in cancer cases in 

different Governorates in Iraq is clearly visible after Gulf War 1991. After analyzing satellite 

images of different dates, the second part of this study concludes that Kuwait oil wells smoke 

is not responsible for increase in cancer incidences in Iraq. A small debate has been initiated 

regarding smoke in brick kilns near Basra. No study has been found in this regard which can 

provide evidences that brick kilns smoke is the cause of increase in cancer incidences in 

southern Iraq.  

 

It’s not easy to carry out a full fledge GIS based study to prove DU as cause of increase in 

cancer cases. The main limitation in this regard is unavailability of required data. Therefore a 

new GIS based methodology has been devised which can be used to prove relationship 

between exposure to DU and increase in cancer cases in Iraq. This new methodology is also 

dependent on specific data sets. Hence this methodology also recommends the collection of 

specific data sets required for this study. 

  

At the end, a detailed study, with honesty, has been suggested to fill up the gaps found in 

literature whether use of Depleted Uranium in weapons is harmful for human health or not. 
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1 INTRODUCTION 
 

1.1 Introduction 

The Gulf War 1991 has significance in many ways. One of the significant issues is the use of 

some banned toxic weapons. After the Gulf War 1991, different issues have been raised by 

different societal, journalist and research groups but one issue was quite common in all these 

and that issue was the suspected effects of DU on environment and human health. The reason 

behind to raise this issue was the notable increase in cancer incidences in Iraq. Lungs cancer, 

leukemia and defected births are the most common diseases the number of which enormously 

increased after 1991 Gulf war. Depleted Uranium (DU) is a hard and dense metal, which was 

used to destroy the tanks basically in the battle against Iraqi tanks by US army and allied 

forces. It is still a controversial debate whether DU is the cause to increase the number of 

cancer incidences or not. This statement can be proved after analyzing statistical cancer data. 

This data then can be presented on the maps to get the pattern of development of this 

malignancy so that the organizations responsible to make health policies could focus on 

certain areas.  

 
Cancer is a kind of malignancy if it could be found in early stages then it’s easy to cure. 

There are some other techniques to find the cancer malignancy in individuals but at higher 

level e.g. health ministry or officials related to health field usually need to know a situation in 

a proper time so that they can take measures accordingly. For this reason, some early warning 

systems can be made to find out the alarming situations. In this scenario GIS Technologies 

can help, with other technologies, to find out any geographical correlations, cluster detection 

or trends in increase of cancer incidences in specific regions. These kinds of information 

systems can help making proper policies and to take measures before it gets too late. 
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1.2 Motivation: 
 

There are some studies which show no relation between DU and its effects on human health 

and some show somehow that there are certain effects of DU on health like cancer, liver 

damage, birth defects etc. According to a report by European committee on Radiation Risk 

(ECRR) shows that “DU posed serious health risks”. International Atomic Energy Agency 

(IAEA) and Federation of American Scientist state that “there is no proven link between DU 

exposure and increases in human cancers or other significant health or environmental 

impacts”, but at the same time these agencies mentioned that “if DU is ingested or inhaled it 

can be harmful because of its chemical toxicity. High concentration could cause kidney 

damage”. Dr. Anuar Abdul Mehsen, MD from Basra General Hospital says that “the number 

of cancer cases has increased significantly since the end of the Gulf War. In 1988, 34 deaths 

caused by various types of cancer, and in 1998 there were 428 deaths caused by cancer” 

(Kelly, 2003). According to given statements, there are some contradictions between use of 

DU and its impacts on human health. So this research is motivated by this fact. Secondly 

spatial context in this study is very important to find out the current cancer patterns and its 

trends and the areas where the risk of further increase in incidences is maximum. This spatial 

context has not been touched by any organization or authorities. Therefore this is the second 

reason to motivate research on this topic in a spatial context. 

 
1.3 Objectives: 

To verify the different probable causes of increase in cancer incidences in Iraq 

To find out relation between exposure to DU and Cancer increase. 

To find out Governorates where percentage increase in cancer incidences is higher.  

Temporal analysis for cancer incidences occurrence.  

To observe geographic patterns of cancer incidences in Iraq. 

To help supply necessary information for cancer study overall. 

 
1.4 Data and its availability: 

 Population data for each Governorate 

 Base maps (road network, rail road network, Iraq country boundary, land use map, 

city location map) 

 Data from Iraqi Cancer register (Statistical data) of different years by Governorate 
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 Data form Iraqi Cancer register by site. 

 Satellite imageries of Kuwait oil fire smoke incidence for the study of effects of oil 

fire smoke on human health. Multiple images are required of regular time intervals. 

 Location map or points of brick kilns in southern Iraq for the study of effects of brick 

kiln smoke on human health. 

 Wind direction and speed charts for Iraq and Kuwait. 

 

Some of the maps are available at digital archives of University of Texas and some other web 

sources. These maps have been used to the base maps of Iraq. The base data layers used, have 

been taken from ESRI archives. Population data and Iraqi cancer incidence data has been 

taken from Iraqi cancer registers. 

 

There are three cancer register centers in Iraq, Basra, Baghdad and Mousal. The record of all 

cancer patients is usually kept in these centers. The location of these cancer registers may 

cause a bias to record the location of cancer patient. 

 

In Kuwait oil fire smoke case, satellite images have been taken from different sources e.g. 

NOAA, NASA, (Kuwait Data Archive) KuDA. 

 

The acquisition of brick kiln location data is a difficult process in the current situation in Iraq. 

The only data available for general brick kiln locations has been taken from UN archives.  

 

Wind direction and speed data is unavailable for brick kiln smoke study but satellite images 

have been used to find out the smoke direction in Kuwait oil well fire study. 

 
1.5 Methodology: 

Making data useable, required sorting and proper tabulation of raw data. Different classes 

have been created to present properly. The available Iraqi cancer data was in different 

classification styles. Translation of this data was an important step to standardize the data. 

Population and properly tabulated cancer incidence data have been manipulated to get figures 

in incidences by 100,000 population. Percentage change in incidences, relative risk 

calculation and odd ratio calculation were the next analysis steps. Data tables then have been 



GIS Based Study of Probable Causes of Increase in Cancer Incidences in Iraq After Gulf War 1991 

5 

converted into GIS supported format. These tables then have been joined with spatial layers 

to present data on Iraqi Governorate map. 

 

Satellite images of different dates have been visually interpreted for Kuwait oil well smoke 

study. These images then have been Geo-ratified and have been presented in date wise 

sequence to show the direction of smoke. 

 

In brick kiln smoke study, a brick kiln location map has been used and been discussed with 

the wind direction information and possible effects of its smoke on human health.  

 
1.6 Organization of study: 

This thesis is organized in seven chapters. Details of each chapter are given below. 

 
Chapter 1: This chapter describes the detailed plan of the study. 

 
Chapter 2: The role and applications of GIS in epidemiology have been discussed in this 

chapter. Different studies from different authors have also been included in the continuation.  

 
Chapter 3: Background study on Depleted Uranium, its different uses and effects of its use 

on human health have been discussed in this chapter. Different views and results of studies of 

different authors about effects of DU on human health have also been discussed. 

 
Chapter 4: Detailed adopted methodology and proposed methodology has been discussed in 

this chapter which shows the data sets used & analyzed in this study and how the proposed 

methodology works. 

 
Chapter 5: Results of GIS study on Iraq have been discussed in this part of the study. This 

chapter discusses the two probable causes of increase in cancer incidences in Iraq, from DU 

and from brick kiln smoke. 

 
Chapter 6: This chapter presents the results regarding study on Kuwait oil fire smoke, where 

satellite images of different dates have been used in the first instance. Thereafter, discussion 

on literature available in this regard has been carried out to understand the phenomena and its 

effects of human health.  
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Chapter 7: Results, analyses, conclusion and future issues have been discussed in this 

chapter. 

 
1.7 Study Area: 

Republic of Iraq became an independent state on 3rd October 1932. It’s having 25 million 

inhabitants (2003). Total area of Iraq is 437,000 Km2. Bordering countries are Iran, Turkey, 

Syria, Jordan, Saudi Arabia and Kuwait. Iraq is having 58 km of coast line at south of the 

country. Religions in Iraq are Islam Shi’i and Sunni, Christianity, Yazidism and Mandeans. 

Official Language is Arabic.  

 

Climate is subtropical in Iraq but continental type of climate can be observed in north of Iraq. 

Iraq is dependant on two major rivers Tigris and Euphrates. Rainfall varies from 150 mm 

south to 700 mm in the north. Cold climate can be observed in northern mountains which 

makes 5% area of the country. South and west of the country is most a stony desert. 

 

Iraq has observed three major wars; in 1980-88 war with Iran, in 1991 war with allied forces 

lead by US and the last one in 2003 with allied forces again lead by US.  DU has been used in 

weapons in last two wars. Major infrastructure has been destroyed. Iraq is now under the 

control of US led forces. Health situation in Iraq is alarming due to different kinds of 

embargos on import of medicines and machinery. Food supply is down, sanitary conditions 

are not fully functional, and water quality is not acceptable in most of the Iraqi territorial 

areas.  

 
 

Figure 1.1: Iraq Base map 
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Figure 1.2: Iraq Oil fields 
 

 
 

Figure 1.3: Iraq population distribution and density 
Source: LandScan population data

 

Supergiant Oilfield 

Other Oilfield
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2 GIS IN EPIDEMIOLOGY 
 

There are several terms in geography like location, space, distance, longitude, latitude, etc. 

which are now getting used in epidemiological studies. With the advancement of computer 

technologies, geographical issues have been dealt with these technologies. In the early days 

of computer and geo-technologies, only the graphical maps had been displayed on the screens 

(Hjalmars. 1998). Later on converted to the analysis functions too.  Geographical Information 

System is not only helpful in almost all fields of life but its getting its penetration in the field 

of epidemiology. It is getting easier to connect the spatial phenomena with the population 

patterns. Health and disease mapping is one of them (Krieger et al, 2003). 

 

GIS is a system for capturing, storing, retrieval, analyzing and displaying spatially referenced 

data (Hjalmars 1998). This system gives the possibility to attach the attribute data of specific 

geographic entities. This attached attribute data then can be used for the advanced analysis 

too.  

 

The correlation between health and its related causes have been studied in the past. An 

English physician in 1854 studied pattern out break of a disease. It was definitely not a 

computer operated study, but at least was a first step towards these kinds of analyses. 

Different researches in health issues were basically dependent on medical and biological 

bases but etiologies are related to geographical conditions (Anders 1996). After 1960, things 

were getting computerized and different fields were trying to make use of their analytical 

processes with computers. The same happened with the field of geography. Some certain 

disciplines in geography had been using computers to produce at least graphic maps. The use 

of GIS in health related issues was not common in late 80’s, but even then some studies had 

been published related to epidemiology, GIS and cancer (Hjarmars 1998).  
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Gatrell et al, 1998, discussed about different issues in GIS and health. These issues included 

environmental epidemiology and geographical epidemiology. Relationship between disease 

and environment is the area where GIS is now playing its role. Interpolated maps of risk can 

be produced to get a better look on the situation. Furthermore cluster analysis and detection is 

a very important issue which is needed to be attended properly. There are several 

methodologies can be found in the literature to perform cluster analysis and then these 

clusters can be correlated with different environmental and social factors. To represent an 

exposure is another important topic to discuss. Some issues have been raised on time-space 

context. How can GIS incorporate residential histories of any patient in analysis? A potential 

can had been mobile like the residences can be different at the time of exposure, birth, 

diagnosis. Health need assessment with the help of census data can be performed to identify 

what service is required and where. 

 

Various cancer atlases are some good examples to present the cancer data using GIS 

technologies. In this regard Sweden cancer atlas for the period of 1971-89 was published 

showing relative risk of each cancer by site in 1995 (Swedish Oncological Centres 1995).  

 

Finding Causal factors for a disease or malignancy on the basis of geographical locations is 

another application where GIS plays its role. Another study shows whether clusters of cancer 

cases in children give clues to find causes of these cancers (leukemia, brain tumors). Some 

new methods for cluster analysis have been included (Hjalmars U, 1998). 

 

A study by Owe Löfman et al. (1996) presents the use of GIS in calculation of number of 

individuals that may be exposed to the different factors and mapping exposure from the 

factors in the outdoor environment which may have effect on human health. Site of residence 

was defined by x and y coordinates in the national grid. Population data then had been 

overlaid with areas of different level of exposures and different parameters of the population 

had been compared. This study has been conducted in two parts. First part presents the 

conceptual background where some fundamental issues like epidemiology, environmental 

pollution, demography and toxicology has been studied. Second part of study shows the 

conditions of studies factors in Östergotland County. 
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Another geographical study has been organized by National Cancer Institute, USA, for cancer 

control and epidemiology in year 2000. The main purpose of this study was to understand the 

reasons for the geographic variations of specific cancers.  

 

Since the early days of exploration of mapping for health till today, it has become one of the 

advanced technologies named GIS. From simple hand made maps to GIS is the journey of 

advancement in health scenarios. A similar kind of geographical study has conducted by 

Rytkönen (2001) on childhood Type 1 diabetes mellitus in Finland. Baysean methods have 

been used to describe the probability of future trends. 

 

Another study has been done in the context of GIS and health. GIS techniques have been 

applied to find out correlation between pesticides used in fields of Massachusetts and breast 

cancers in women of that area (Brody et al, 2004).  

 

Hence GIS has been used and is been using for tracking sources of diseases, to assess the risk 

for population and target intervention.  

 

National Cancer Institute, USA, have made a web based customizable atlas its maps are 

available in the book form as well (National Cancer Institute, U.S. National Institute of 

Health). Another attempt describes the cluster of breast cancer in Huntington, USA. This 

work has been done in stages. First stage comes up with the geocoding and mapping breast 

cancer in Huntington. In the second stage, cancer cluster analysis has been done and the third 

and final stage shows the mapping of environmental contaminants which may cause breast 

cancer (Huntington Breast Cancer Action Coalition). 

 

The use of GIS in the field of heath has been described by several authors and discussed 

different issues in this field. Exposure assessment is important to find the exposure of an 

individual to the concerned factors. Some researchers have used GIS to study case controls 

and cohort groups. The possibilities given by GIS like buffering, topological operations etc. 

allow identifying potential exposure. Surveillance of public health includes the detection of 

epidemics, assessment of disease and design and evaluation of health interventions. 

Importance of GIS has been stated in the surveillance of infectious and vector borne disease 

e.g. malaria. (Geoffrey 1998) 
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The analysis of spatial and space-time distribution of disease data is called spatial 

epidemiology (Robert 1998). Martin (1998) presents different statistical methods which are 

useful in spatial epidemiology. These methods are dependant on the nature of data, nature of 

statistical test, purpose of the analysis etc. These methods include descriptive (visual) 

methods for disease maps, map smoothing techniques, spatial regression, spatial-epidemic 

modeling, small area estimation, testes for spatial randomness, etc.  

 

Some applications in the field of GIS and health have been discussed by different authors. 

First example in this scenario is the application of GIS for environment and health in Italy. 

Author states that there are several barriers have been experienced in the adoption of GIS 

technology for the health applications in Italy. Availability of required data and education 

regarding GIS tools are the major hindrances in this regard. The potential of GIS tools 

shouldn’t be underestimated and yet to be fully exploited though these are in its early stages. 

The major purpose of author to write this paper is to visualize the data and hypothesis 

generation. (Stefania 1998)  

 

An interactive multipurpose atlas of mortality has been developed in Italy. There have been 

some limitations which they had to overcome by deciding different priorities. First problem 

was the threat of misinterpretation based on aggregated data, because of the lack of training 

of the people responsible of interpretation. The development of atlas by stand alone 

application was excluded due to its high cost. Therefore, SAS package had been chosen due 

to its better ability to screening the data and better quality of maps. (Braga, M. et al 1998) 

 

The Development of an epidemiological spatial information system has been made for the 

region of western Pomerania, Germany. This cooperative project has been developed 

between Institute of Hygiene and Environmental Medicine at Greifswald University and 

Spatial Data Centre (ZRI). The major aim of this project was to facilitate the epidemiologists 

in the Institute for the first instance. There were three stages in this project, first, the 

visualization of data, query, and user interface development. The development of spatial 

analysis and geo-statistical tools was the second stage and the integration of the dynamic 

element was the third one. It has been stated that though health data is difficult to handle 

quantitatively but spatial statistics is the only way to represent the spatial patterns in 

epidemiological data. The use of GIS in epidemiology in Germany is still rare but it has been 
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acknowledged that it is helpful for epidemiological research to make available the spatial 

statistics techniques for epidemiologists.  (Nanja, 1998) 

 

Cancer occurrence data usually based on new cancer cases or cancer mortalities. The 

information collected, regarding incidences, is called cancer register. Different kind of 

registers can be found in each country and even local or regional cancer registers too. 

Methods of data collections and items included vary widely. Most of the time some common 

items for patient includes birth date, person number, and place of residence or address. 

Information about tumor includes diagnosis date, primary site, verification method of 

diagnosis, histological type, treatment, stage, etc. Follow up data includes date and cause of 

death, emigration date. This data help in different routine cancer statistics, trends, maps, etc. 

The availability of unique number of person’s help computerize the record. Furthermore, it 

has been stated that residential data is crucial in the GIS perspective. Residence record 

system is different in different countries where resolution does vary. More sophisticated 

methods can be applied if the detailed and accurate location data is available. The current 

study deals with the problems and possibilities in the use of cancer data by GIS in Finland. 

The coordinates of all houses by 10 meter resolution are available in Finland. The availability 

of this data has made the analysis process easier despite of municipal or administrative 

boundaries. 

 

Cancer data quality depends on the use of data. The methods by which cancer has been 

diagnosed vary in different countries. Modern machinery made it possible to diagnose the 

cancer efficiently and in more detail. Some of the cancer types can be easily diagnosed and 

fully analyzed but some are not. The diagnosis in developed countries and diagnosis in 

underdeveloped country can be different. The comparison of these two data sets can bear 

different results. In the case of Finland, the primary site of cancer is unknown of almost 3 

percent of all cancers. The diagnosis based on clinical examination only can be false and 

misleading in various studies. 

 

The residence location of patient at the time of diagnosis can not always be used for causal 

relationship. The history of patient’s residence might help in this regard for example risk 

factor and exposure distribution. The history of any patient’s residences in last 10 to 50 years 

is seldom available. This history is important because the latency varies between 10 to 40 

years other than cancer cases where infants are involved. A person doesn’t spend day and 
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night at the same place but that goes to the work places, leisure time activities far from their 

homes. Therefore it’s difficult and complicated to calculate risk and cause of occurrence in 

most of the cancer studies.  

 

The incidence data is more reliable and better than mortality data. There are less than 25% 

breast cancers patients die because of cancer and almost zero percent in the case of lip cancer. 

Therefore mortality data doesn’t not help study the real situation in any cancer study. (Lyly 

1998) 

 

Geographical studies have important role in the public health in many ways. Several factors 

affect our health where we work and live. Some important geographical analyses have been 

discussed in the study by Wilkinson et al, 1998. The stated important analyses are: 

 

 “Examination of disease rates and other health statistics by geographical area to assess 

the health of the population. 

 Examination of variation in health and use of health services as comparative approach 

to needs assessment and resource allocation. 

 Examination of time trends in disease at a local level. 

 Analysis of the spatial distribution of health care facilities and referral patterns to aid 

decisions about optimal location of health services. 

 Studies of variation in health treatments and outcome for planning the development of 

health services. 

 Studies of health and health promotion interventions at community level. 

 Disease surveillance, for example of communicable diseases, congenital 

malformations. 

 Analytical epidemiological studies of factors affecting the occurrence, progression or 

outcome of disease. 

 Investigations of putative environmental hazards including industrial source of 

pollution. 

 Investigations of disease clusters or clustering. 

 Selection of geographically ordered population samples for surveys”.

 



 

14 

 

 
 
 
 

 
3 DEPLETED URANIUM, ITS DIFFERENT FORMS  

AND EFFECTS OF ITS EXPOSURE  
ON HUMAN HEALTH 

 
3.1 Uranium and Depleted Uranium: 

Uranium is a heavy metal found in nature. It can be found in all soils, rocks, rivers, lakes, 

oceans, plants and animals in various chemical forms (Bordujenko, 2002). It can also be 

found in food and drinking water (WHO, 2001). Approximately 90 µg (micrograms) uranium 

exists in human body (WHO, 2001). Approximately 66% of total uranium is found in 

skeleton, 16% in liver, 8% in the kidneys and 10% in other tissues (Bleise 2003). In our daily 

life normally we consume 1–2 µg uranium in our food and 1.5 µg in water. The food, 

especially cereals, vegetables and table salt, are the major sources of uranium we found in 

human body. (Bleise 2003). 

 

Naturally Uranium occurs in oxidized form because it easily oxidizes in air (Bleise 2003). It’s 

a heavy metal with silvery white color (Bleise 2003). It’s slightly paramagnetic, slightly 

softer than steel and pyrophoric (Bleise 2003) (ie, it has a tendency to spontaneously ignite in 

air when in the form of fine particles) (Bordujenko 2002). In finely divided state it reacts with 

cold water. Uranium in nature is a combination of three radioactive isotopes. Their mass 

numbers are 238U (99.27% by mass), 235U (0.72%) and 234U (0.0054%). All uranium isotopes 

are radioactive (Bleise 2003). Its specific gravity is 5.0 or greater and has very high density 

(18.95 g/cm3, 1.7 times higher than lead’s density of 11.35 g/cm3). The melting point of 

metallic uranium is 1132 οC and its boiling point is 4131 οC (Bordujenko 2002).  
 

According to the WHO (2001) report, during the enrichment process of uranium the content 

of 235U is enriched from 0.72% to 3%. The remaining uranium contains almost 238U 99.8%, 
235U 0.2% and 234U 0.0006% by mass. This remaining Uranium is called Depleted Uranium 

(DU). DU has about 60% of radioactivity of uranium for the same mass (Mitchel et al. 2004). 

DU can be called a weakly radioactive heavy metal due to its 40% less radioactivity than
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Uranium. Most of the 235U and 234U having removed from uranium to make enriched 

uranium for weapons or nuclear fuels, but still its chemical and biological properties still 

remain the same that natural uranium has (Fetter 1999). According to ATSDR estimates, four 

tons of uranium can be found in one square mile of soil with one foot depth (comparable to 

1.4 t/km²) (Bordujenko 2002). 

 

All natural uranium isotopes emit alpha particles. These are positive charged ions. These 

have relatively large size and charge, so these particles rapidly loose their kinetic energy and 

have little penetration power (Bleise 2003). These particles can not penetrate even into 

human skin so these are not harmful for human health. In the decaying process of uranium 

isotopes, beta and gamma radiation is emitted. Beta and gamma particles have ability to 

penetrate into human body, but gamma particles have the highest possibility to penetrate into 

the human body thus can cause hazard both internally and externally (Bordujenko 2002, 

Fetter 1999). 

 

 
Fig 3.1: Relative penetration of alpha, beta and gamma emissions 

(Source: Bordujenko 2002) 
 
3.2 Applications of DU 
 
3.2.1 Civilian Applications: 

DU has been used as a fluorescent content in dental crowns. It also has been used as X-ray 

radiation shielding. In commercial aircrafts DU has been used as counter weight, in fork 

lifters as balancer, in yellow enamel powder for jewelry and badges industry, in the keels of 

sailing yatches, in satellite blasts, in coloring glass and ceramics, in photographic films, in 
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petroleum exploration (drilling equipment) and also has been used as a catalyst in production 

of synthetic ammonia (Bordujenko 2002, Bleise 2003, Betti 2003).  

 

In 1992, October the 4th, a cargo plane was crashed with a public residential building in 

Amsterdam. DU was used as counter balance in that plane. After cleaning the crash site, 150 

out of 282 kg of DU was missing out of total amount of DU. Few years after crash, a number 

of people started reporting health complaints. The substances after the crash were called a 

possible reason of these health complaints. Six years after crash, a study was carried out to 

verify if exposure to DU was the reason for health complaints. After using different 

techniques it was found that its “highly improbable that exposure to DU would result in the 

health complaints reported” (Haag Uijt de et al. 2000). 

 
3.2.2 Military Applications: 

Military applications of DU are almost similar in view of different writers. These writers are 

Bleise 2003, Bordujenko 2002, Giannardi et al. 2003, Jan Olof et al. 2002. In the beginning, 

DU and tungsten metals were under consideration for penetrators and tank amours. Both 

metals are high density materials. At the end, DU was selected because of its availability, 

pyrophoricity and price. DU penetrators are hardened during processing by reducing its 

carbon contents and by alloying with titanium. DU penetrator ignites on high temperature by 

impact and it melts quickly because of relatively low melting point of uranium. Normally 10-

35% and at maximum 70% of DU penetrators become aerosol on impact and contaminate 

environment. The size of dust particle is normally less than 5 µm and has black color. These 

particles can be airborne for longer periods. The target hit by DU can be recognized by the 

black dust cover on it. This dust can be spread by wind direction. In controlled tests, it has 

been experienced that DU dust can be deposited within the distance of 100m and can travel 

up to 40 km. DU hit on soft targets do not produce significant DU dust and can be penetrate 

up to 50 cm in the soil. Wind and water can spread DU dust. Besides all attacking uses, DU is 

also been used as protective shields in tanks. 

 

Depleted Uranium has been used in Iraq, Kuwait, Bosnia and Kosovo in wars. Gulf war is the 

only war where DU ammunition was fired on large scale. Air force fired approximately 259 

ton, army fired approximately 50 tons and marine aviation fired almost 11 tons of DU in Gulf 
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War. Almost 3 tons of DU ammunition was fired during NATO air strike in Bosnia around 

Sarajevo and almost 10 tons of DU ammunition was fired in Kosovo. 

 
3.3 Exposure to DU: 

Exposures may be of two types, external or internal. 
 
3.3.1 External Exposure: 

As it’s already been stated that alpha particles can not penetrate even into the human skin 

that’s why only beta and gamma components can be considered for external exposure. 

External exposures can be occurred when somebody passes through the DU dust or when DU 

fragments are picked up. No visible health effects are expected from external radiation caused 

by DU left in the field (Bleise 2003). 

 

Fetter, S. (1999) discussed in his research article about the DU exposure in case of individual 

person and in case of whole population. He argues with different assumptions regarding 

individual exposure and finally concludes that its dose rate is considerably less to be 

hazardous. However, in case of direct contact with DU fragments may expose higher dose to 

the skin and become hazardous. Similarly in the case of population exposure he tried to 

present his hypotheses on the basis of assumed statistics and at the end he concludes that 

population exposure to DU is also not fatal.  

 
3.3.2 Internal Exposure: 

There are three path ways for internal exposure i.e. ingestion, inhalation and contaminated 

wounds. 

 

Ingestion is not considered the major exposure pathway (WHO 2001). But through soil, by 

hand contamination, may consider as major source. Children may affect by hand 

contamination. Contaminated animals can also be a pathway to human by eating meat but as 

the contaminated areas are small so the food contamination may consider negligible (Bleise 

2003).  

 

Water intake is one of the major pathways to ingest uranium.  
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According to Bleise et. el. (2003), on the basis of current information, 2-5% amount of DU is 

absorbed into the blood from intestines and rest of 95-98% is eliminated rapidly. 

Approximately 90% of the absorbed amount in blood rapidly cleared through urine within the 

first week of intake. The remaining will get distributed in different tissues and body organs. 

Kidney is the most effected organ and about 10% deposits can be found here. The amount of 

uranium deposited in bones remains their, for much longer duration than kidney. Most of the 

deposits in kidney are cleared within one week and about 1% uranium can be seen in bones 

even after 5 and 25 years. 

 

Inhalation is considered a major pathway for exposure. If the target is harder, then the DU 

aerosol generation will be higher and softer the target generates limited DU aerosols (Bleise 

2003). Particle size also differs from bigger fragments to finest particles. According to 

estimations, about 60%-69% of aerosols are respirable (Bordujenko 2002). In view of Bleise 

(2003), inhaled Particles below 10 µm AED (aerodynamic equivalent diameter) can reach 

deeper pulmonary regions (bronchioles and alveoli) and deposit for considerable time. We 

can classify the uranium containing particles into two classes, soluble and insoluble, however 

solubility also depends on the size of particle. If the chemical is soluble then it may take few 

days to absorb in blood and insoluble may take few months to years. Soluble forms of 

uranium are associated with toxic chemical effects and insoluble forms are more related to 

radiation effects. Some of the amount of soluble and insoluble uranium ultimately goes to the 

kidney and the acute longer exposure may impair the kidney function leads to irreversible 

damage. The persons present at the time of impact may expose considerably. Fires can also 

be another source of DU particles generation. Fire can produce uranium oxide from a 

contaminated object which is chemically less harmful than the radiotoxicity.  

 

Wound contamination may occur in combat or later by accidentally bruising the skin on 

contaminated objects. Small scars can be cleaned effectively and may not have considerable 

exposure. However, embedded contaminated fragments not removable by surgical mean 

result in chronic internal exposure (Bleise 2003).  

 

The royal society working group on the health hazards of DU munitions (2002) have 

produced two research articles considering increased radiation risk from exposure to DU in 

battlefield and the risks from chemical toxicity and long term environmental effects of DU. 
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Some other aspects are also included raised by public in different meetings. According to 

these articles there are no or very few chances of hazardous health effects in both short term 

and long term exposure. There are some studies show short term health effects of DU on 

human health but were not lead to cancer or other fatal diseases, but, long term effects of DU 

exposure are not clear yet. Some environmental aspects are also considered in these articles 

but not showing any long term or fatal effects on human health. Some recommendations for 

further research are given at the end of the discussion mentioning the areas of required 

information in future. 

 

Dr. Doug Rokke has a PhD in health physics and is a Vietnam and Gulf War Vet. He was 

originally trained as a forensic scientist. When the Gulf War started, he was assigned to 

prepare soldiers to respond to nuclear, biological, and chemical warfare, and sent to the Gulf. 

He headed the US Army's DU Project after the Gulf War, and advocates a ban on the 

manufacture and use of DU munitions. He has been attending different conferences regarding 

uranium weapons and its effects on human health. He has presented a paper on the uses of 

DU and hazards related, to the British House of Commons, London in December 1999. He 

mentioned the uses of DU and its effects on human health in different situations. He also 

mentioned some areas other than Gulf War, where DU has been fired. These areas are in 

different parts of the world and even in USA. The residents of these areas have been 

reporting health complaints. The symptoms of these diseases are very similar to the 

symptoms of veterans of different battles. Concerning officials are ignoring these situations 

and not ready to provide proper treatment to the effected population. He also experienced the 

adverse health effects during Gulf War. He discussed some outcomes of research articles 

where no significant hazardous health effects were mentioned, but he stressed on the need to 

conduct screening of DU affected patients right after exposure to DU than after 8 years. He 

also discussed significant negative health effects. He also mentioned the fact that the 

governments of US and UK have significant proves of negative health effects but they don’t 

want to publish this material in media. 

 

In a commentary by R. F. Mould (2001) published in British Journal of Radiology, most of 

the exposure ways to DU and their effects on human health have been discussed. Different 

groups of affected people have been discusses like uranium miners, Japanese atomic bomb 

survivors, workers in uranium associated industries, and lung cancer & leukaemia in Gulf 
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War veterans. Thereafter, Iraqi cancer statistics have also been discussed. In uranium minors, 

several lung cancer cases had been reported but radon exposure was called for the reason of 

lung cancer. Workers exposed to uranium in uranium associated industries, it was concluded 

that “there is limited evidence of no association between exposure to uranium and lung 

cancer at cumulative internal dose levels lower than 200 mSv. However, there is insufficient 

evidence to determine whether an association does or does not exist between exposure to 

uranium and lung cancer at higher levels of cumulative exposure.” In the case of Gulf War 

veterans, author states that reported lung cancer and leukaemia cases are not the results of 

well designed epidemiological surveys and “no significantly higher than expected incidence 

of these two neoplasms has yet been proven”. He referred to another study based on 

surveillance of gulf war veterans where 60 veterans were included and 15 out of which had 

DU fragments in their soft tissues and none of them had lung cancer or leukaemia. Another 

place, author mentioned the published statistics of patients registered in Mosul hospitals. 

There is a significant increase in cancer cases before and after Gulf war but this data cannot 

be equated to 100,000 population. He also stated that there may be several other reasons for 

increase in absolute numbers, so these figures cannot be correlated with exposure to DU. 

Author tries to prove no relation between DU and said cancer cases by presenting two more 

cases, possible influence of chemical carcinogens and DU in Balkans. He says that cancer 

incidences may be due to exposure to chemical carcinogens generated due to smoke in 

burning Kuwait oil fields and this smoke was carried by the winds over Iraq. He also 

mentioned that these cancer cases may be generated by chemical warfare between Iraq and 

Iran where sulphur mustard were used. The long term effects of these chemicals on human 

health can damage the immune system, birth defects and elevated incidences of leukaemia 

and lymphoma. In Balkan case, he states that during Kosovo conflict, fuel storages, oil 

refineries and fertilizer plants were severely damaged, so environmental contamination 

should be considered while assessing causes of health effects.  

 

 If DU is not hazardous for health then why this issue is still widely being discussed? 

 

 There may be a possibility that cancer incidences may be the reasons of affected 

environment due to war where most of the chemical and toxic (DU) weapons have 

been used. Means indirect effects of DU on health.  
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There is no controversy on the properties and uses of depleted uranium in civil or in military 

uses. However there are some big gaps present in the literature about health effects of 

depleted uranium on human body. Most of the researchers explains in their literature 

(especially US researchers) that DU is totally safe for the human health and some small 

disorders may happen for time being, short after the exposure to DU. It includes the amount 

of uranium in urine.  

 

Most of the researchers in their articles tried to present their views on the basis of assumed 

situations and then to put those situations into mathematical and statistical equations and 

proved at the end that DU is not hazardous. On the other hand some researchers (Dr. Jawad 

Al-Ali, Basra Hospital, Iraq) who got the real time primary data from the field or from the 

exposed population and then found some results which show DU a major cause of different 

cancers. So there is a big gap between the research on assumptions and research on real time 

data. No article has been found which states the real situations during the war. So this 

information is needed that what happened really in the war situation and why the results are 

different of those researchers who worked on assumptions and who worked on really exposed 

people in the war situation. 
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4 METHODOLOGY 
 
The research model for this research is shown in figure 4.1. Two types of research models 

have been developed. One is the model on which this research is based. Second is the 

proposed model. GIS can play a very important role to find out the reasons for increase in 

cancer incidences. A specifically collected primary data is needed to clearly verify the causes 

of cancer increase in Iraq. Unfortunately, data required for a detailed research is not available 

right now. Therefore a detailed and advanced GIS research model has been devised which 

can be helpful to verify if DU is the reason for cancer increase in Iraq or not. The advanced 

research plan is devised in different parts. These parts are shown in the following pages.  

 
4.1 Adopted Research Model: 

The first research model (shown in figure 4.1) has three parts. As the topic of this research is 

to study the probable causes of increase in cancer incidences in Iraq, therefore three possible 

causes have been studied to find out most appropriate reason for increase in cancer 

incidences. First part illustrates about the DU as a cause. Iraqi cancer incidence data has been 

collected from different sources e.g. Iraqi cancer registry and from published and presented 

articles in international conferences, sources of each datasets are given under relevant tables 

and its representations. Temporal analysis is the basic analysis for this research. Data has 

been collected keeping in mind to show the increase pattern in cancer incidences before and 

after Gulf War 1991. Two types of data sets have been devised i.e. total cancer data for year 

1989 and 1994 by province and cancer data by site.  

 

Sorting of data is the next step. Initial data was in paper printing form. The required data has 

been sorted from these pages. Iraq cancer registry has presented data in different ICD 

classification in different years. Translation of data sets (table 4.1) was an important part to 

get the actual figures by including actual disease categories. 
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  Iraqi Cancer Registry 
1986-1988 
1989-1991 
1992-1994 
1995-1997 

Iraqi Cancer Registry  
1998-2000 

Cancer type ICD-7 ICD-9 ICD-10 

Lung 161, 162, 163, 164 162, 163, 164, 165 C33, C34 

Bone 196 170 C40, C41 

Breast  174, 175 C50 

Kidney 180 189 C64, C65 

Brain, Nerve 193 191, 192 C70, C71, C72 

Lymphoma 200, 201, 202, 203 200, 201, 202 C81, C82, C83,C84, 

C85 

Leukemia 204, 205, 206, 207, 

208, 209 

204, 205, 206, 207, 

208 

C91, C92, C93, C94, 

C95 

 
Table 4.1: Translation of different classifications of ICDs 

 

Tabulation process comes after translation. Data has been stored in table forms using 

Microsoft Excel software. Different categories and mathematical functions have been applied 

to get the final required data.  

 

At this step, population data set has been included too to convert data from total cancer 

incidences to 100,000 population. After getting data by 100,000 population, percentage 

increase, relative risk and odd ratios have been calculated. Percentage increase and relative 

risk calculations were available by Iraqi Governorate. These resultant tables then have been 

converted into the GIS supported format that is DBF.  

 

Thematic layers have been used for temporal mapping showing Iraqi Governorates. The 

name of each Governorate has been included in the attribute table to join with external cancer 

incidence tables in DBF format. The common fields “Governorate”, both in attribute tables of 

thematic layer and in external tables, have been edited keeping in mind that entries in both 

types of tables should be identical. 
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External data tables then have been joined with thematic layer one by one according to the 

requirement. This joined data then has been carefully classified to show the temporal change 

in cancer incidence pattern in Iraqi Governorates. These maps then have been presented in 

the form of layouts. 

 

Second part of the first research model is to verify, if the Kuwait oil well smoke is the cause 

of increase in cancer incidences in Iraq or not. Satellite images of different time periods have 

been used for temporal analysis. These images have been acquired by different sources e.g. 

NOAA, Kuwait Data Archive (KuDA) and from different published and presented articles in 

international conferences.  

 

Geo-rectification of these satellite images was the first step to start a temporal analysis. 

Background literature study to understand the phenomenon and interpretation of images has 

been done in the meanwhile. These Geo-rectified images then have been interpreted visually. 

The results of these images then have been presented in the form of layouts along with their 

interpretation in the text form.  

 

Third part of first research model is to verify, if the brick kilns northwards to Basra region is 

the cause of increase in cancer incidences especially in Basra Governorate or not.  

 

Location of these brick kilns and wind direction information was required for this analysis. 

Location of brick kilns and along with the interpretation of wind direction has been done to 

find out the reason. This was the only information available for this analysis. Therefore 

interpretation has been given. 
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Iraqi Cancer data from different 
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Total cancer incidence 
data by Governorate 
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Wind direction Interpretation 
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Figure 4.1: Adopted Research Methodology 
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4.2 Proposed Research model: 

The second research model has two major parts. One is statistical data collection and 

analysis, and second is GIS analysis part. In statistical part, there are further four sub 

categories have been devised. First one is “total number of incidences by province”. In this 

part the model, only total number of cancer incidences in whole Iraq has been included by 

province. Second category “cancer incidences by site for each province” deals with the 

cancer incidences in Iraq by type, for all Governorates. These two categories are shown in 

figure 4.2. Third category (figure 4.3) is similar to first two categories but it not only deals 

with cancer incidences by site but also by age. The results of these first three categories can 

also be presented by charts and maps using GIS tools. These three categories make an 

epidemiological study complete in this scenario. 

 
Fourth category deals with another analysis called odd ratio calculation. There are two groups 

required to carry on this study. One is Experimental group and other is Control group. This 

analysis is used to find out the significance and relationship between cause and incidences. 

It’s important to collect data according to the requirements. Data required for this analysis is 

not yet available due to the current situation in Iraq. Therefore the confidence level of this 

analysis depends on the quality of data used. 

Number of cancer 
incidences by site for 
different years before 
and after Gulf War 
1991 by province 

Population data 
for each 
province of 
different years 

Calculation of Incidences 
per 100,000 Population 

Calculation of Relative 
Risk for each cancer type 

Total Number of 
cancer incidences for 
different years before 
and after Gulf War 
1991 by province 

Population data 
for each 
province of 
different years 

Calculation of Incidences 
per 100,000 Population 

Calculation of Relative 
Risk on total incidence 

Presentation on maps 
and by charts 

Total Number of Cancer 
Incidences by Province 

Cancer Incidences by 
site for each province 

Figure 4.2:  Procedure to incorporate total number of cancer incidences by province and 
incidences by site for each province 
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The second part of advanced research methodology represents a specific GIS analysis study. 

This study cannot be carried out for whole Iraq due to its nature. It is proposed to carry out 

this study on one Governorate in Iraq. The most suitable Governorate to start this study is 

Basra because this area had received maximum DU quantity than others and because of its 

higher rate of increase in cancer per 100,000 population. This study requires intensive data 

sets. These specific data sets are not available right now in Iraq’s current situation. This type 

of data has to be collected yet.  

 

The primary data layers required for this study are, point location of the areas received DU, 

Residence location of cancer patients and the location of the point where a patient had 

exposure to DU. 

 
The situation in study area makes it difficult to Geo-code patients’ location on the basis of 

their residential addresses. A whole new database development is required for this purpose. A 

GPS study is proposed to record all the locations for three basic layers, required for this 

study.  

 

To calculate odd ratios, it’s important to 
collect data according to the requirements. 
Experimental and Control groups must 
have identical properties other than one 
causal factor in experimental group. 

Experimental Group Control Group 

Odd Ratio Calculation 

Odd Ratio 
To find out the significance and 
relationship between cause and 
incidences 

Calculation of 
Incidences per 100,000 
Population 

Calculation of Relative 
Risk for each cancer 
type by age 

Presentation 
on maps and 

by charts 

Number of cancer 
incidences by site & 
by age for different 
years before and after 
Gulf War 1991 for 
each province 

Population data 
for each 
province of 
different years 

Cancer Incidences by 
site for each province 

Figure 4.3: Procedure to incorporate cancer 
incidences by site for each province 

Figure 4.4: Procedure to calculate Odd Ratio 
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Attribute data collection for each recorded point is an important part in this study too. This 

data can store the cancer type and its further attributes. This collected data then will be 

helpful to find out the morphology of cancer in the area and its epidemiology. 

 

Anisotropy analysis has a key importance in this study. Wind direction and speed analysis 

will help to make a layer showing the areas having influence of DU radiation. This 

anisotropic layer then will be overlaid with rest of the two layers, residence location of cancer 

patients and location of the point where a patient exposed to DU. 

 

Anisotropic analysis, relative risk analysis and odd ratio calculations will provide a final 

result if DU is the cause for increase in cancer incidences or not. 

 
4.3 Some Important Concepts: 
 
4.3.1 International Disease Classification (ICD): 

ICD, International Classification of Disease is a national standard to record the cause of the 

death under a specific class. Data for Iraqi cancer incidences was available in ICD-9 and 

ICD-10. World Health Organization took over the responsibility for ICD creation in 1948. 

After 1948, there comes a 7th revision in ICD called ICD-7 and so on. ICD-10, the 10th 

revision or the latest classification, has been used by WHO member states since 1994. It was 

important to translate this data before using it into further manipulation. 

 
4.3.2 Anisotropy: 

“Anisotropy is the property of being directionally dependent. Something which is anisotropic, 

may appear different, or have different characteristics in different directions” (Wickipedia 

Encyclopedia). It’s important in the proposed methodology because the wind speed and wind 

direction in Iraq has played its role to spread DU all around the deployed place. It requires 

wind direction and speed data for a required specific time period. Analysis on location of DU 

deployment layer and wind speed & direction data returns a surface which shows influence of 

DU in the surrounding area and its magnitude.  

 
4.3.3 Relative Risk: 

The relative risk of two groups is simply the ratio of risk between them. It tells us how much 

risk is increase or decreased from an initial level. If the risk ratio is 0.5, it reduces the chance 
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of having an event to half. If the risk ratio is 3, it increases the chance of having an event by 

threefold.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4.3.4 Odd Ratio: 

“The odds ratio is one of a range of statistics used to assess the risk of a particular outcome 

(or disease) if a certain factor (or exposure) is present. The odds ratio is a relative measure of 

risk, telling us how much more likely it is that someone who is exposed to the factor under 

study will develop the outcome as compared to someone who is not exposed” (Westergren et 

al. 2001). 

Point locations of 
the areas received 
DU explosions 

Location of the point 
where a patient had 
exposure to DU 

Residence 
location of 
Cancer Patient 

Anisotropy Analysis

Overlay analysis 

Attribute data collection 
of each point 

Cancer Morphology Odd ratio calculation 

Anisotropic Layer 

Research Methodology 

Wind direction and wind 
speed data 

Wind direction and 
wind speed data 

Figure 4.5: Proposed GIS Methodology 
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5 RESULTS 
 
Different data sources have been used to draw some results with selected methodology. 

Though Iraqi cancer data is not readily available, so the only data which has been gathered 

from different sources has been presented in graphic and map forms. Some tabular data and 

their corresponding graphs have been shown in this chapter and then some important maps 

have also been shown. 

 
5.1 Iraqi Cancer Data Results: 

First of all, situation in whole Iraq is been discussed and then emphasis is given on selected 

areas. These areas have been selected on the basis of availability of data.  

 
Cancer by Site 1986-88 1989-91 1992-94 1995-97 1998-2000 
Nerve, Brain 3.90 4.36 3.91 6.67 5.72
Kidney 2.04 2.07 2.17 2.37 2.83
Bone 1.58 1.85 1.51 1.65 2.11
Leukemia 5.81 6.07 7.01 7.2 8.95
Lymphoma 9.95 10.11 9.09 12.51 12.85
Lung 12.07 12.59 11.71 15.16 13.1
Breast 12.15 12.93 12.71 19.44 21.98
Prostate 1.91 2.14 2.02 2.39 2.8
Bladder 10.28 10.71 11.31 10.15 10.11
Thyroid 2.18 2.63 2.06 2.3 2.91
Multiple Myeloma 0.86 0.97 1.05 1.28 0.91

 
Table 5.1: Incidence/100,000 population of selected cancer types by site by year 

Source: Iraq cancer registry 1988, 1991, 1994, 1997 and Iraqi cancer board / cancer 
registry center for the data of year 2000. 

 
In Table 5.1 and its corresponding graph (figure 5.1) shows the continuous increase in each 

cancer type especially Leukemia, Lung cancer, Lymphoma, Brain/Nerve cancer and Breast 

cancer. Increase in breast cancer is significantly high almost double. 
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Selected Cancer Types by 100,000 Population in Iraq
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Figure 5.1: Graph showing increase in cancer types by site by 100,000 population 
 
 

 
Total 

Incidences 

Incidence / 
100,000 

Population  
 Governorate   1989 1994 1989 1994 % increase 
 Baghdad   4183 6427 84.00 149.12 77.53 
 Ninevah   1500 1629 94.94 89.02 -6.24 
 Basra   180 461 19.35 37.18 92.08 
Taamim 86 114 13.23 17.81 34.63 
 Misan   37 218 7.12 37.59 428.24 
 Anbar   51 95 5.80 9.69 67.27 
 Salahudin   90 94 11.69 10.93 -6.49 
 Thi-Qar   72 489 7.06 41.79 492.09 
 Muthanna   27 59 7.94 14.75 85.74 
 Wasit   44 69 7.33 10.30 40.43 
 Diyala   69 134 6.70 11.55 72.44 
 Babil   73 166 6.13 11.94 94.68 
 Najaf   70 126 11.11 16.58 49.21 
 Kerbala   28 45 5.49 6.62 20.54 
 Qadisia   0 86 0.00 13.23 0.00 

 
Table 5.2: Statistics showing total number of cancer cases and incidences by 100,000 

population before and after Gulf war 1991. 
Source: Jubury, 1998. 

 
Table 5.2 shows total incidences, incidences per 100,000 population and percentage increase 

in cases. Percentage increase is very high in The-Qar, Maysan, Basrah, Babaylon and 
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Muthana Governorates. It shows an enormous increase in cancer incidences. Corresponding 

map in figure 5.2 clarifies the picture spatially. South eastern Iraq shows the high rate of 

increase. Babylon in central Iraq shows high rate of increase too. Northern areas Nineveh, 

Salah Aldin and Al Taamim show less percentage increase though cancer incidences per 

100,000 population are quite high as shown in figure 5.3 and 5.4. 

 

 
 

Figure 5.2: Map showing Percent Change in Cancer Incidences by 100,000 Population from 1989 to 1994 
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Figure 5.3: Map showing Cancer Incidences in 1989 by 100,000 Population 
 

 

A clear change is visible in both maps shown in figure 5.3 and 5.4. These figures represent a 

temporal analysis. In 1989, Basrah and surrounding Governorates were not having much 

cancer incidences per 100,000 population but after the Gulf war, Basrah, Meysan and The-

Qar Governorates have observed an enormous increase as shown according to data of year 

1994 in figure 5.4. Basrah in 1989 had 19.35 incidences per 100,000 population but in 1994 it 

showed up almost double increase in incidences per 100,000 population. The Maysan and 

The-Qar Governorates have shown almost 5 times increase in incidences. Most of the other 

Governorates have entered into the next level classes where increase was almost double. 

These changes are quite obvious in figures 5.3 and 5.4. 
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Figure 5.4: Map showing Cancer Incidences in 1994 by 100,000 Population 
 
 

It has been discussed already that data availability for Iraqi cancer incidences is very 

inconsistent due to this reason a continuous data was not available. Some different data sets 

are available from Iraqi Cancer Registry and other published material presented in different 

conferences. Iraqi Cancer Registry provides information of cancers by sites but it doesn’t 

provide information with geographical contexts. That’s why it’s a difficult rather near to 

impossible task to conduct a full fledge GIS based study on available data. It is recommended 

that data collection should be the first stage for any related GIS bases study in Iraq for cancer 

incidences. It should have made possible to get a smooth data for GIS analysis. This study 

even provides some significant trends on the basis of available data. 
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Figure 5.5: Map showing Relative Risk 1989-1994 
 
 
5.2 Basra: 
 
Basra is the region which had received maximum amount of Depleted Uranium. The 

percentage increase in cancer cases has also been maximum in Basra and surrounding The-

Qar and Muthana Governorates. A study has been carried out on the data of the military 

personals who were involved and the personals who were not involve. The results according 

to the data represent high rate of increase in cancer incidences the personals who were 

exposed to DU and lower rate of increase in personals who were involved in the battle but 

were not exposed to the DU explosions. The detailed discussion is as follows: 
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Cancer by site 1991 1992 1993 1994 1995 1996 1997 
Lymphomas 10 16 70 85 80 106 82 
Leukemias 10 28 45 53 65 70 40 
Lung CA 4 6 39 40 41 40 40 
Brain CA 1 2 20 30 35 40 34 
Bone CA 2 3 5 10 10 12 15 

 
Table 5.3: Military personals involved in battle and exposed to explosions 

 

 
Table 5.4:  Military personals involved in battle but not exposed to explosions 
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Figure 5.6:  Graph showing Percentage of military personals having cancer exposed and 
unexposed to explosions in Basra 

 
Tables 5.3 and 5.4 show the number of cancer incidences of military personals that were 

exposed and unexposed to the explosions, while, Figure 5.6 shows the percentage of military 

personals having cancers and who were involved in battle and were exposed or unexposed to 

the explosions. The personals that were unexposed to the explosions showed up with less 

Cancer by site 1991 1992 1993 1994 1995 1996 1997 
Lymphomas - 2 8 11 9 8 6 
Leukemias 1 4 7 11 7 12 6 
Lung  2 6 7 15 11 23 14 
Brain  - - - 2 4 7 10 
Bone  - - 2 12 7 3 3 

 Al Basra 
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cancer cases but on the other hand the personal that were exposed to the explosions showed 

up with huge number of cancer cases in the battle around Basra. 

 

Figure 5.7 shows the increase in cancer cases per 100,000 populatoin in Basra Region where 

a significant increase is visible between year 1988 and 1998. 
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Figure 5.7: Graph showing Cancer incidences in Basra Region 
 

 
5.3 Baghdad: 

Baghdad, the capital of Iraq, also presents the increase in cancer incidences per 100,000 

population, detail of which is as follows: 

 

Cancer by Site 1986-88 1989-91 1992-94 
Nerve, Brain 4.32 10.56 12.27 
Kidney 2.68 5.58 7.09 
Bone 2.01 4.74 5.32 
Leukemia 9.58 18.05 23.18 
Lymphoma 11.17 24.79 31.59 
Lung 17.86 35.53 42.95 
Breast 20.29 41.49 52.09 
Prostate 2.68 4.93 7.95 
Bladder 12.45 24.84 34.23 
Thyroid 2.58 6.09 6.82 
Multiple Myeloma 1.72 3.26 4.68 

 
Table 5.5: Cancer Incidences by site per 100,000 population in Baghdad 

Source: Iraqi cancer registeries 
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The situation in Baghdad governorate is the same as Basra. The increase in cancer cases per 

100,000 population is quite visible. Breast, Lung, Leukemia and Lymphoma showed up 

almost double to triple increase in cancer incidences by 100,000 population.  

 

Selected Cancer Types by 100,000 Population in Baghdad
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Figure 5.8: Graph showing Selected Cancer types by 100,000 population in Baghdad 
 
5.4 Mousal: 

Situation in Mousal city is also not different than other regions. This is the bigger city in 

Ninevah Governorate. Ninevah Governorate has been showing already a higher rate of cancer 

incidences per 100,000 population before Gulf War but the rate of cancer incidences just got  

 

 Male Female Total 
Cancer Site 1989-90 1997-98 1989-90 1997-98 1989-90 1997-98 
Bone 2 10 4 5 6 15 
Leukemia 9 45 12 17 21 62 
Lymphoma 17 52 9 43 26 95 
Lung 25 129 2 14 27 143 
Breast  1 17 106 17 107 
Bladder 6 27 2 6 8 33 
Thyroid 1 10 2 6 3 16 

 
Table 5.6: Cancer incidences before and after Gulf War in Mousal 

Source: Jubury, 1998 

Baghdad 
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even higher after the Gulf War. Lung, Breast, Leukemia and Lymphoma have shown a great 

increase in cancer incidences as shown in Table 5.6 and corresponding graph in Figure 5.9. 
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Figure 5.9: Graph showing Increase in Cancer Incidences in Mousal before and after Gulf War 
 

 
5.5: Brick Kiln Smoke Study: 

Brick kilns near Basra have also been accused as probable cause of increase in cancer 

incidences in southern Iraq. The relevant data and literature is not available, rather study of 

this causal factor is still to be carried out. This causal factor still has to be explored fully. 

There are some questions which should be answered correctly in this regard, e.g. what is the 

trend of wind direction in Iraq? What is the location of brick kilns in Iraq? What has been 

using in brick kilns in the name of fuel? The information and data required for this study is; 

wind direction information in the form or maps and textual interpretation, the fuel used in 

these brick kilns and the precise location of brick kilns.  

 

Some assumptions have been made by author regarding this issue. Wind direction is the first 

scenario in this case. The location of brick kilns (figure 5.10) is at the northward direction of 

Basra. The detailed wind direction and speed record is not available but this information can 

be assessed by the satellite images showing Kuwait oil fire smoke (this issue has been 

discussed in detail in chapter 6). The wind direction, which has been observed by satellite 

images, is mostly towards southeast direction. This means the smoke of these kilns goes 

Mousal 
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directly towards the direction of wind and obviously there is Basra region at southeastern 

direction.  

 

Secondly, the nature of fuel is the major factor which should be analyzed properly. We 

consider the study of Kuwait oil fire smoke in this context. The smoke from burning oil has 

not been proven as a cause of long term serious health effects, e.g. cancer, in Kuwait 

scenario. Eye and upper respiratory tract irritation, shortness of breath, cough, rashes, and 

fatigue were the complaints from the exposed population and officials (see chapter 6). 

Therefore if crude oil has been using in these brick kilns then the smoke of brick kiln should 

not be called the cause of increase in cancer cases. The situation can be different if the fuel, 

which has been using in these kilns, is different than crude oil. 

 

The map displayed in figure 5.10 shows industrial contamination sites while the location of 

brick kilns is highlighter with a circle. Arrows shown in the map describe the direction of 

wind. 

 

 
 
Figure 5.10:  Map showing Industrial contaminated sites while showing 

Brick Kilns at north of Basra  
Source: UN Cartographic section DPI, UN Habitat, HIC Iraq 
“Environment in Iraq: UNEP Progress Report” October 2003. 
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6 FIRE AT KUWAIT OIL WELLS 
 
In the beginning of year 1991, Iraqi troops withdrew from Kuwait and set fire to more than 

600 oil wells and pools of spilled oil in Kuwait. This fire burned for more than eight months 

from third week of February 1991 to November 6, 1991. This was a threat to the environment 

and human life. This was rather a beginning of a new war between allied forces and Iraqi 

forces. During this war DU weapons have been used in Iraq. After four years of this war an 

increase in cancer incidences in Iraq has been observed. DU has been called as a major cause 

for increase in cancer incidences but some of the journalist and social circles mentioned that 

smoke from Kuwait oil wells may also be one of the causes increase in cancer incidences in 

Iraq and especially in Basra, southern Iraq.  

 

There have been several studies on Kuwait oil wells fire and its effects on environment and 

human health. These studies show some heath issues caused by this thick smoke in Kuwait 

and surrounding areas. Before going towards GIS study on this topic it is worth to include 

some extracts of different relevant publications.  

 
6.1 Background Study: 

The OTA Background paper (1994) assesses the Kuwait oil fire health risks. One of the 

findings of this multi dimensional study was “using state-of-the-art risk assessment methods, 

the risks to health from exposure to the smoke and the background air contaminants in the 

Persian Gulf are likely to be extremely small. If aspects of the Persian Gulf experience are 

causing illness, they are likely to be other than oil fire smoke, according to DoD’s risk 

assessment”. 

 

In another research by Petruccelli et al (1999) on US troops, after their return, a sample of 

1599 soldiers was taken who have been on mission for three months in Kuwait. They have 

been inquired about the symptoms before, during and after the mission. The symptoms were 

eye and upper respiratory tract irritation, shortness of breath, cough, rashes, and fatigue. The
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decreasing trend of these symptoms has been observed in soldiers after leaving the Kuwait. 

Thus concluded the oil fire smoke is one of the factors for these symptoms.  

 

In a research to find the relationship between asthma and bronchitis in Gulf War veterans and 

Kuwait oil fires by Jeffrey et al (2002), states that there is no relation proved. The sample of 

1560 Gulf War veterans was taken after five year of Gulf War. This study proves that 

exposure to oil fire smoke doesn’t cause respiratory symptoms among Gulf War veterans. 

The 94% of veterans were well exposed to oil fire smoke and 21% of which were remained 

there for more than 100 days.  

 

In another study by Kelsall et al (2004), 1456 Australian Gulf War veterans were examined. 

This study doesn’t support any long term effects of oil fire or dust storm exposure.  

 

Dr. John Andrew, Administrator for Science for the Agency for Toxic Substances and 

Disease Registry within the Public Health Service, with his other two colleagues has been 

appointed for the assessment and planning for public health needs in Kuwait. He presented a 

Congressional Testimony “Potential Adverse Health Effects of Service in the Persian Gulf 

War” before the subcommittee on Hospitals and Health Care Committee on Veterans’ affairs. 

He has been involved in several research studies on the health effects of Kuwait oil fire 

smoke. In this testimony he resumes all the studies and stated all the facts about health effects 

of oil fire smoke. According to him, Sulfur dioxide and Nitrogen dioxide, two major 

pollutants, never reached to harmful levels. Carbon monoxide levels rarely exceed the US 

alert levels and the reason told was the possible increase in vehicular traffic. Levels of 

particulate matters also exceed US alert levels but this situation has been observed in Kuwait 

so often before oil well fire due to sand and dust storms. Furthermore, army personals, fire 

fighters and Kuwaiti citizens exposed to the smoke, have been examined. After using several 

models and analysis of real time data sets it’s summarized that “Based on the exposure 

information that has been assembled, we do not believe that there will be a detectable 

increase in lung cancer in Gulf War Veterans as a result of the oil well fires”. 

 

According to mentioned studies none of these pointed out cancer as emerging or prevailing 

threat due to oil fire smoke. Now let’s have a look at some studies about the direction and 

speed of the wind during these months.  
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Regarding direction of the smoke, a study has been carried out by Limaye et al (1992). This 

smoke was visible from weather satellites in polar and geosynchronous orbits. Meteosat 

visible and infrared satellite observations indicate the smoke direction that it often traveled 

southeastward along the western coast of Persian Gulf and then turned towards west and then 

southwards to the Arabian coast. Some dust storms, formed in Syria and Iraq changed its 

direction towards southwest Kuwait and sometime towards northwest Saudi Arabia.  

 

In another study, Kuwait Data Archive (KuDA) had been developed. It was an initiative 

taken by National Centre for Atmospheric Research, Colorado in 1994. The basic purpose of 

this initiative was to archive the data and analysis results of accounts which had been carried 

out to study the phenomena. This archive was not only well organized but some studies also 

had been carried out under this umbrella. The spatial distribution of smoke through out the 

whole period of fire on oil wells had been studied. Smoke distribution contours were 

generated on the basis of daily smoke monitoring data. Figure 6.1 and 6.2 are showing 

moderate and heavy smoke contours respectively. Numbers on contour lines are showing the 

number of days smoke had been covered the area. One thing is pretty clear in these figures 

too that the concentration of the smoke has been towards the south of Kuwait and over the 

Persian Gulf instead of Iraq. The reason is wind direction. 

 

 
 

Figure 6.1:  Kuwait oil well fire, Moderate Smoke contours. Numbers on contours show the number of days. 
Source: Kuwait Data Archive (KuDA) 
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Figure 6.2:  Kuwait oil well fire, Heavy Smoke contours. Numbers on contours show the number of days. 
Source: Kuwait Data Archive (KuDA) 

 
 

 
 
Figure 6.3:  Smoke coverage bar graph. This bar graph has been plotted using data points where smoke has 

been visible on satellite image. 
Source: Kuwait Data Archive (KuDA) 

 
Figure 6.3 shows the smoke coverage bar graph. This bar graph has been plotted using data 

points where smoke has been visible on satellite image. Heavy smoke is shown with black 

bars and white bars show moderate smoke. 

 

Air Research Laboratory (NOAA) has developed a model of smoke concentration areas using 

daily monitoring data from February 1991 to October 1991 in the Persian Gulf region. This 

model shows clearly the smoke concentration on Saudi Arabia, Iran, southern Kuwait, Gulf 

states and on the Persian Gulf. This model doesn’t show any smoke movement towards Iraq. 
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This model also verifies the case study with satellite imageries. Figure 6.4 shows the model 

showing smoke coverage areas. 

 

 
 

Figure 6.4: Model showing smoke coverage areas 
 
 
6.2 Temporal Study of Smoke Direction by Satellite Images: 

In this research, different satellite images on different dates from different sources have been 

taken and analyzed. This study will verify if Kuwait oil fire smoke is one of the causes of 

increase in cancer incidences or not.  

 

First three images (figure 6.5, 6.6, 6.7) have taken by NOAA-11 1Km AVHRR. These 

images are multi-spectral false color composites. Image one, in figure 6.5, is taken on January 

15, 1991 almost one month before oil fire. It clearly shows nothing in the name of smoke and 
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fire in it. Second image in figure 6.6 has taken on February 12, 1991. This image shows three 

spots in south of Kuwait and the trails of smoke traveling towards south of Kuwait and then 

turns towards west in the Saudi Arabia. One spot is visible along the northern border of 

Kuwait in the Iraq and shows one spot of fire and some is traveling towards south east of Iraq 

in the Persian Gulf.  

 
 
 

  
 
 
 
 

 
 

 
Figure 6.7 shows some more and aggravated activities in oil wells in the same area. Smoke 

plumes are thicker than previous figures and more oil wells are on fire on March 11, 1991. 

Another spot is visible in this image is and it’s towards north of Kuwait city. The spot visible 

in figure 6.6 in Iraq is not visible in figure 6.7 which means that it has been caped.  

 

In figure 6.8, we can see an image with relatively higher resolution focused on the oil well 

fire smoke. This inset image has taken by NASA during its mission at April 1991. One hot 

spot rather bigger spot is visible at the southern part of Kuwait and two spots are clearly 

visible at the northern side of Kuwait city in this inset image. The important thing which is 

visible here is again the direction of smoke. The direction of smoke is southwest. The blowup 

of the same image is shown in figure 6.9, which shows the situation with a closer angle.  

 
 
 

Figure 6.5: Image taken just one day before 
Operation Desert Storm 
NOAA-11 1Km AVHRR 
Multi-spectral False Color Image 
January 15, 1991 

Figure 6.6: Oil wells south of Kuwait. 
Smoke is visible traveling towards southeast 
and then southwest direction of Kuwait. 
NOAA-11 1Km AVHRR 
Multi-spectral False Color Image 
February 12, 1991 
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Figure 6.7: Hundreds of oil wells continue to 
burn out of control. Some other oil wells are 
visible at north of Kuwait city in this image. 
Skies are filled with thick black smoke, which 
traveled for hundreds of miles south and east of 
the source. Note the accumulation of smoke in 
Saudi Arabia where the winds appear to be 
lighter and shifting more from the east. The red 
areas at the base of the smoke plumes indicate 
heat signature. 
NOAA-11 1Km AVHRR 
Multi-spectral False Color Image 
March 11, 1991 

Figure 6.8: Inset image showing clearly the 
heavy plumes of smoke and its direction 
southwest. 
Mission: STS037, NASA 
April, 1991 

Figure 6.9: Blowup image of inset figure 6.8 
Mission: STS037, NASA 
April, 1991 

Figure 6.10: Heavy smoke is visible. West 
coast of Persian Gulf is not clearly visible. 
LAC visible (0.63 µm) image from the 
NOAA-10 AVHRR  
May 26, 1991
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An image from another source has been used in figure 6.10. This figure again shows the 

heavy smoke from the oil wells and direction is towards southeast over the Persian Gulf on 

May 26, 1991. 

 

Figure 6.11 had been taken on June 20, 1991 by DMSP-F08, DMSP-F09, DMSP-F10 and the 

resolution is 500m. The same situation is visible in this image too and the smoke direction is 

towards southwest into the Saudi Arabia.  

 

An inset image in figure 6.12 had been taken by another mission from NASA on November 

1991 after the oil wells were caped. This image shows the residuals from oil fire smoke are 

spread all over the ground around oil fields and the direction is again clearly visible towards 

south east along the Persian Gulf. The blow up of same image is shown in figure 6.13. 

 

From all the studies on the health effects of oil fire smoke on human health and the direction 

of smoke, this fact can be stated safely that Kuwait oil wells fire smoke is not harm full for 

human health to this extent that it could cause cancer. Only some short term respiratory 

symptoms can be observed. The same thing can be verified from the satellite image study on 

different dates and its visual interpretation. 

 

  
 
 
 
 
 
 
 
 

Figure 6.11: Smoke is visible and traveling 
towards southward of Kuwait and spreading 
all over the major part of Saudi Arabia. 
DMSP-F08, DMSP-F09, DMSP-F10. 500m 
resolution. (DMSP: Defense Meteorological 
Satellite Programme.  
June 20, 1991 

Figure 6.12: Inset image taken after the fire. 
Showing the stains of oil residues in the 
south east direction. 
Mission: STS044, NASA 
November, 1991 
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Figure 6.13: Blowup image of inset figure 
6.12. Mission: STS044, NASA 
November, 1991 
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7 DISCUSSION AND CONCLUSION 
 
After a careful review of literature on effects of Depleted Uranium on human health, couple 

of issues has been drawn out. One thing is common in the literature regarding DU and that is 

properties and uses of DU. Big gaps can be found in the literature about its long term health 

effects on human health. Some of the sources clearly mentioned that use of depleted uranium 

as weapon is not harmful enough to be a cause of cancer occurrence. Some of the researchers 

presented their work on the basis of assumptions. On the other hand the researchers in Iraq 

are trying to collect cancer incidence data and tried to prove that increase in cancer incidences 

is due to use of DU weapons. These Iraqi researchers not only presented their results on the 

basis of collected cancer incidence data but according to its morphology and its changing 

pattern too. The cancer types which were observed in elderly people now have been seen in 

children too. Secondly some of the patients have been observed having more than one cancer 

in the body. Third, familial cancers have been found where more than once cancer patients 

can be observed in one family (Al ali, 2003). These phenomena are very new in Iraq. 

 

Dr. Doug Rokke (1999), as stated earlier, mentioned that the governments of UK and United 

States have enough proofs regarding negative health effects of Depleted Uranium but they 

don’t want to open it up publicly. 

 

The current GIS Study, to verify DU as the cause of increase in cancer incidences in Iraq, 

shows some results from the analysis of available data. These results show a positive increase 

in cancer incidences per 100,000 population in Iraq especially in south of Iraq. Basra region 

is the most effected region showed up in the results where percent increase in cancer 

incidences after Gulf War 1991 was highest. Muthana and The-Qar Governorates also show 

enormous increase in cancer incidences. According to the classification of data, The 

Governorates in southern Iraq, Muthana, The-Qar and Basrah, are gone to the maximum 

highest classes and the Governorates in central Iraq other than Baghdad have also entered in 

the next classes. Baghdad Governorate is also showing enormous increase in cancer
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incidences after Gulf War 1991. The Ninevah Governorate was showing the increased cancer 

incidences before Gulf War 1991 and after the war it remained in the same class but increase 

was high in numbers though. Relative Risk of further increase in cancer cases is highest in 

Muthana and The-Qar Governorate. Basrah is at the second number. The overall relative risk 

is showing a clear picture and still the risk is higher. Percentage increase in cancer incidences 

is highest again in Muthana and The-Qar Governorate. 

 

Southern Iraq is the area where increase in cancer incidences is higher than other parts of Iraq 

and these Governorates are at relatively high risk. The use of DU weapons can not be said the 

sole cause of this increase due to lack of data on this specific topic. But general trends and 

results doesn’t present any other cause of this increase. The situation before and after Gulf 

War 1991 somehow shows DU the cause of increase in cancer incidences in this scenario. 

One thing which makes DU a stronger cause of increase in cancer cases is the analysis of 

soldiers who were involved in battle and exposed to the DU explosions and the soldiers who 

were involved in the battle but not exposed to the DU explosions. The results show the clear 

picture of those who were exposed to DU having much more cancer cases than those who 

were not exposed to DU. 

 

The analysis of three most populated areas in Iraq, Basra, Baghdad and Mousal, tells the 

same story. The increase in cancer incidences is manifold in these areas after Gulf War 1991.  

 

The confident decision cannot be taken that DU is the only cause of increase in cancer 

incidences due to unavailability of specifically required data. 

 

Brick Kiln smoke study is needed to be conducted properly. There is no detailed map or 

location information of brick kilns available. The literature doesn’t show any specific study 

about this issue. The fuel for these brick kilns should also be verified. If the fuel used in these 

kilns is the oil (fossil fuel produced in Iraq) then it’s not dangerous for health according to the 

outcome of the studies carried out for Kuwait oil well smoke issue. According to this study 

the thick plumes of smoke doesn’t cause any long term health problem and specifically 

cancer. This issue however can not be underestimated. So a proper study should be carried 

out in this regard with properly collected data.  
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Kuwait oil wells smoke study in this research clearly shows disagreement on the statement 

that Kuwait oil well smoke is also one of the causes of increase in cancer cases in Iraq. The 

direction of the smoke has been towards the south of the Kuwait. The chances of this smoke 

to enter into the Iraqi territory are very few. Therefore it’s safe to say that Kuwait oil wells 

fire smoke is not a cause of increase in cancer incidences in Iraq. 

 

The datasets are available in current situations are not quite enough to carry out a detailed 

GIS study. Therefore no confident results can be drawn out. The epidemiological studies with 

the help of GIS are acknowledged. Therefore a detailed GIS methodology has been devised 

which can help to verify the DU as cause for increase in cancer incidences. This model and 

its results are dependant on good quality data. Wind direction and speed data, DU deployed 

sites and cancer patients’ location data is required for this analysis. 

 

The major limitation found in this study is unavailability of enough and required data 

 

In the light of above facts and analysis results, Depleted Uranium is the only cause left which 

is the most suspicious in this entire scenario. A detailed and sincere effort is required to 

finally figure out this issue. The only key factor which can play an important role to find out 

acceptable results is the data. It’s not possible to get a reliable data from Iraq in current 

circumstances, therefore carefully collected data according to the needs of study is required 

before hand. 



GIS Based Study of Probable Causes of Increase in Cancer Incidences in Iraq After Gulf War 1991 

 

55 



 

56 

 

 
 
 
 
 
 

REFERENCES 
 

Anders Schærström, “Pathogenic paths? A time geographical approach in medical 

geography” Lund University Press. 1996. 

 

Al Ali, Jawad. “Cancer Incidences in Basra after 1991” World Uranium Weapons 

Conference, Hamburg, 2003 

http://www.uraniumweaponsconference.de/ 

 

Asaad A. Ameer Khalaf, “Cancer Trend in Basra after Gulf Wars” Conference of the 

European Network for Pease and Human Rights, European Parliament Brussels, 2005. 

http://www.russfound.org/Enet/DrKhalafpap.htm 

 

Betti Maria, “Civil use of depleted uranium” Journal of Environmental Radioactivity 64 

(2003) 113-119 

 

Bleise A., P.R. Danesi, W. Burkart, “Properties, use and health effects of depleted uranium 

(DU): a general overview”. Journal of Environmental Radioactivity 64 (2003) 93-112 

 

Bordujenko A., “Military medical aspects of depleted uranium munitions” ADF Health 

Volume 3, 2002 

 

Bordujenko Alex, “Risk assessment: exposure to depleted uranium” ADF Health Vol 4 

(2003) 

 

Braga M. Cesare Cislaghi, Giorgio Luppi and Carola Tasco, “A Multipurpose, Interactive 

Mortality Atlas of Italy” GIS and Health, Taylor & Francis Ltd. UK. 1998. 

 



GIS Based Study of Probable Causes of Increase in Cancer Incidences in Iraq After Gulf War 1991 

 

57 

 

Brody Julia Green, Ann Aschengrau, Wendy McKelvey, Ruthann A. Rudel, Christopher H. 

Swartz, Theresa Kennedy, “Breast Cancer Risk and Historical Exposure to Pesticides from 

Wide-Area Applications Assessed with GIS” Environmental Health Perspectives, Volume 

112, 2004 

 

Doug Rokke, “Depleted uranium: uses and hazards” Paper presented in the British House of 

Commons: London, England 1999 

 

Fetter Steve, Frank N. von Hippel, “The hazard posed by depleted uranium munitions” 

Science & Global Security, 1999, Volume 8:2 

 

Gatrell Anthony C. and Markku Löytönen, “GIS and Health Research: An Introduction” GIS 

and Health, Taylor & Francis Ltd. UK. 1998. 

 

Geoffrey M. Jacquez, “GIS as an Enabling Technology” GIS and Health, Taylor & Francis 

Ltd. UK. 1998. 

 

Giannardi Cristina, Daniele Dominici, “Military use of depleted uranium: assessment of 

prolonged population exposure” Journal of Environmental Radioactivity 64 (2003) 227-236 

 

Haag P. A. M. Uijt de., R. C. G. M. Smetsers, H. W. M. Wiltox, H. W. Krus, A. H. M. 

Eisenga, ”Evaluating the rist from depleted uranium after the Boeing 747-258F crash in 

Amsterdam, 1992”, Journal of Hazardous Materials A76 (2000) 39-58 

 

Hjalmars U, “Epidemiological studies including new methods for cluster analysis of acute 

childhood leukemia and brain tumors in Sweden” Karolinska Institute, Stockholm, 1998 

 

IAEA, International Atomic Energy Agency,  

http://www.iaea.org/NewsCenter/Features/DU/faq_depleted_uranium.shtml 

 

Jan Olof Snihs, Gustav Åkerblom “Use of depleted uranium in military conflicts and 

possible impact on health and environment” Swedish radiation protection Institute, 

Stockholm, 2000. 



GIS Based Study of Probable Causes of Increase in Cancer Incidences in Iraq After Gulf War 1991 

 

58 

 

Jeffrey L. Lange, David A. Schwartz, Bradley N. Doebbeling, Jack M. Heller, Peter S. 

Thorne. “Exposures to the Kuwait oil fires and their association with asthma and bronchitis 

among Gulf War veterans” Environmental Health Perspectives, Vol. 110, 2002. 

http://www.questia.com/PM.qst?a=o&se=gglsc&d=5000664095&er=deny 

 

John S. Andrews, Congressional Testimony “Potential Adverse Health Effects of Service in 

the Persian Gulf War” before the Subcommittee On Hospitals and Health Care Committee on 

Veterans' Affairs. September 1992 

http://www.atsdr.cdc.gov/testimony/testimony-1992-09-16.html 

 

Jubury, M. A. “Environmental and Health Impacts of Aggression on Iraq” Conference on 

Health and Environmental Consequences of Depleted Uranium used by U.S. and British 

forces in the 1991 Gulf War, Baghdad. 1998. 

http://www.xs4all.nl/~stgvisie/VISIE/DUREPORT/mirror_dureport.html 

 

Julie A. Haggerty, Stephan P. Carley, David B. Johnson and Amey D. Michaelis, 

“Development of Data Management System for the Kuwait Oil Fire Atmospheric 

Measurement Programme”, Kuwait Data Archive (KuDA), National Centre for Atmospheric 

Research, Colorado, May 1994. 

http://www.atd.ucar.edu/kuwait/contour.txt.html 

 

Kelly A. “Depleted Uranium Use in Iraq”, University of Wisconsin, USA, 2003. 

http://academic.evergreen.edu/g/grossmaz/anderkel.html 

 

Kelsall H. L., M R Sim, A B Forbes, D P McKenzie, D C Glass, J F Ikin, P Ittak and M J 

Abramson “Respiratory health status of Australian veterans of the 1991 Gulf War and the 

effects of exposure to oil fire smoke and dust storms” Thorax 2004;59:897-903 

BMJ Publishing Group Ltd & British Thoracic Society, 2004 

http://thorax.bmjjournals.com/cgi/content/abstract/59/10/897 

 

Krieger Nancy, “Place, Space and Health: GIS and Epidemiology” Commentary, 

Epidemiology, Lippincott, Williams and Wilkins. 14(4):384-385, July 2003 

 



GIS Based Study of Probable Causes of Increase in Cancer Incidences in Iraq After Gulf War 1991 

 

59 

Limaye S. S, Ackerman S. A, Fry P. M,  Isa M, Habib Ali, Ghulam Ali, Wright A, 

Rangno A, “Satellite monitoring of smoke from the Kuwait oil fires : Studies of smoke from 

the 1991 Kuwait oil fires” Journal of geophysical research 1992, vol. 97 

http://md1.csa.com/partners/viewrecord.php?requester=gs&collection=TRD&recid=A925546

5AH&q=&uid=786914074&setcookie=yes 

 

Lyly Teppo, “Problems and Possibilities in the Use of Cancer Data by GIS – Experience in 

Finland” GIS and Health, Taylor & Francis Ltd. UK. 1998. 

 

Martin Kulldorff, “Statistical Methods for Spatial Epidemiology: Tests of Randomness” GIS 

and Health, Taylor & Francis Ltd. UK. 1998. 

 

Mitchel R. E. J., S. Sunder, “Depleted uranium dust from fired munitions: physical, chemical 

and biological properties” Health Physics Society 2004, 0017-9078/04/0 

 

Mould R. F., “Depleted uranium and radiation-induced lung cancer and leukemia” The 

British Journal of Radiology, 73 (2001), 677-683 

 

Nanja Van Den Berg, “The Development of an Epidemiological Spatial Information System 

in the Region of Western Pomerania, Germany” GIS and Health, Taylor & Francis Ltd. UK. 

1998. 

 

National Institute of Health (NIH) Maryland, “Geographic-Based Research in Cancer 

Control and Epidemiology” 2000 

 

OTA Background Paper “The Department of Defense Kuwait Oil Health Fire Risk 

Assessment (The Persian Gulf Veterans’ Registry)” Health Program Office of Technology 

Assessment US Congress. September 1994. 

http://govinfo.library.unt.edu/ota/Ota_1/DATA/1994/9438.PDF 

 

Owe Löfman, Inger Hagström, Per Hedberg, Helle Noorlind Brage, Karin Sahlen, “Östgöten 

I Miljön” Utgiven av: Samhälls-Och Miljömedicinska enheten, Landstinget I Östergötland. 

1996. 

 



GIS Based Study of Probable Causes of Increase in Cancer Incidences in Iraq After Gulf War 1991 

 

60 

Pritchard Mike, “Health risks of depleted Uranium; An independent review of the scientific 

literature” University of Toronto 2004, (Science for peace) 

 

Petruccelli BP, Goldenbaum M, Scott B, Lachiver R, Kanjarpane D, Elliott E, Francis M, 

McDiarmid MA, Deeter D. “Health effects of the 1991 Kuwait oil fires: a survey of US army 

troops” (1999) 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1039

0693&dopt=Citation 

 

Robert Haining, “Spatial Statistics and the Analysis of Health Data” GIS and Health, Taylor 

& Francis Ltd. UK. 1998. 

 

Rytkönen M, “Geographical Study on Childhood Type 1 Diabetes Mellitus in Finland” 

Diabetologia 2001 

 
Stefania Trinca, “GIS Applications for Environment and Health in Italy” GIS and Health, 

Taylor & Francis Ltd. UK. 1998. 

 
Swedish Oncological Centres, “Atlas of Cancer Incidence in Sweden 1971-89” 1995 

 

The royal society working group on the health hazards of depleted uranium munitions, 

“The health effects of depleted uranium munitions: a summary” Journal of Radiological 

Protection (2002) PII: S0952-4746(02)35527-7 

 

Westergren A. “Eating Difficulties in Stroke Patients”, Blackwell Science Ltd, Journal of 

Clinical Nursing, 2001 

 

Wilkinson Paul, Christopher Grundy, Megan Landon and Simon Stevenson, “GIS in Public 

Health” GIS and Health, Taylor & Francis Ltd. UK. 1998. 

 

WHO, Department of Protection of the Human Environment “Depleted uranium: sources, 

exposure and health effects” World Health Organization (WHO) 2001 

 



GIS Based Study of Probable Causes of Increase in Cancer Incidences in Iraq After Gulf War 1991 

 

61 

DATA SOURCES: 
 

Air Research Laboratory (ARL-NOAA) 

http://www.arl.noaa.gov/ss/transport/pgulf.html 

 

NASA, National Aeronautics and Space Administration, “Earth from Space” The NASA 

Space Shuttle Earth Observations Photography database of images. 

http://eol.jsc.nasa.gov/sseop/EFS/ 

 

Kuwait Data Archive (KuDA), initiative taken by National Centre for Atmospheric 

Research, Colorado in 1994 

http://www.eol.ucar.edu/kuwait/contour.txt.html 

 

LandScan Population Data, 2003 

http://www.lib.utexas.edu/maps/middle_east_and_asia/iraq_pop_2003.jpg 

 

Iraq cancer registry 1988, 1991, 1994, 1997 and Iraqi cancer board / cancer registry center 

for the data of year 2000. 

 

UN Cartographic section DPI, UN Habitat, HIC Iraq, “Environment in Iraq: UNEP 

Progress Report” October 2003. 

http://www.bren.ucsb.edu/academics/courses/595E/Session%205/UNEP%20Iraq%20environ

ment%20study%202003.pdf 

 

 

 

 

 



GIS Based Study of Probable Causes of Increase in Cancer Incidences in Iraq After Gulf War 1991 

 

62 

WEB SOURCES: 
 

All the web sources were valid Until August 22, 2006 

 

Department of Health and Human Services, Centre for Disease Control and Prevention. 

Atlanta, USA.  

http://www.cdc.gov/nceh/clusters/about_clusters.htm. 

 

ECRR, European Committee on Radiation Risk 

http://www.euradcom.org/index.html#english 

 

National Cancer Institute. U.S. National Institute of Health. 

 http://www3.cancer.gov/atlasplus/ 

 

Huntington Breast Cancer Action Coalition. USA. 

http://www.hbcac.org/mapping.html 

 

Gulf Link. Office of the Special Assistant for Gulf War Illness. USA. 

http://www.gulflink.osd.mil/faq_17apr.htm 

 

World Health Organization (WHO) 

http://www.who.int/mediacentre/factsheets/fs257/en/ 

 

Management Information Network. A resouece for the public, industry and the scientific 

community. USA.  

http://web.ead.anl.gov/uranium/guide/depletedu/index.cfm. 

 

Campaign Against Depleted Uranium (CADU), UK. 

http://www.cadu.org.uk/intro.htm. 

 

The VISIE Foundation. Netherlands. 

http://www.xs4all.nl/~stgvisie/VISIE/depleted_uranium1.html 


