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Introduction  
         During the conflict in 2003, air attacks were mounted on selected Iraqi targets by US 
aircraft. In some of the air attacks, DU munitions were employed. Such munitions were also 
used by United Kingdom and US tanks in land battles, mainly against Iraqi T-type tanks. The 
total amount of DU ammunition used during the conflict in 2003 is still unknown, but 
speculative figures from various studies cite the range as 170–1700 t. The United Kingdom 
Ministry of Defence has indicated that its forces deployed less than 1 t of DU ammunition 
during the 1991 Gulf War, and approximately 1.9 t in the 2003 conflict in Iraq. The 
ammunition was fired exclusively from tanks, as DU munitions were not used by the United 
Kingdom from aircraft in either conflict. While it has not been disclosed where such 
ammunition was used in the 1991 conflict, the United Kingdom Ministry of Defence 
provided UNEP in June 2003 with the coordinates of DU firing points for its Challenger 2 
tanks in the 2003 Iraq conflict. Up to now, the United States Government has not released 
information to UNEP on DU target coordinates for either the 1991 conflict or the 2003 one(1). 
 
Uranium and DU 
    Uranium is a naturally occurring, ubiquitous, heavy metal found in various chemical forms 
in all soils, rocks, seas and oceans. It is also present in drinking water and food. On average, 
approximately 90 μg (micrograms) of uranium exist in the human body from normal intakes 
of water, food and air; approximately 66% is found in the skeleton, 16% in the liver, 8% in 
the kidneys and 10% in other tissues. 
    Natural uranium consists of a mixture of three radioactive isotopes which are identified by 
the mass numbers 238U(99.27% by mass), 235U(0.72%) and 234U(0.0054%). Uranium is used 
primarily in nuclear power plants; most reactors require uranium in which the 235U content is 
enriched from 0.72% to about 3%. The uranium remaining after removal of the enriched 
fraction is referred to as depleted uranium. Depleted uranium typically contains about 99.8% 
238U, 0.2% 235U and 0.0006% 234U by mass. 
    For the same mass, depleted uranium has about 60% of the radioactivity of uranium. 
Depleted uranium may also result from the reprocessing of spent nuclear reactor fuel. Under 
these conditions another uranium isotope, 236U may be present together with very small 
amounts of the transuranic elements plutonium, americium and neptunium and the fission 
product technetium-99. The increase in the radiation dose from the trace amounts of these 
additional elements is less than 1%. This is insignificant with respect to both chemical and 
radiological toxicity(2). 
        Table.1 gives the half-lives and specific activities of the three isotopes of natural 
uranium and 236U, and compares their relative abundance by mass in natural uranium and in 
DU. There have been reports that the DU in munitions contains small amounts of other 
radionuclides, such as isotopes of americium and plutonium, as well as 236U. The presence of 
these human-made radionuclides indicates that some of the DU has been obtained from 



uranium that had been irradiated in nuclear reactors and subsequently reprocessed. However, 
published information from other theatres of war, as well as the results of this study, indicate 
that the amounts of these isotopes present in DU are very small [3,4]. Isotopes of natural 
uranium decay mainly by emitting alpha particles. The emissions of beta particles and gamma 
radiation are low. The average energies per transformation emitted by the isotopes of natural 
uranium Fig 1 . 

Table 1. half-lives, specific activites and relative abundances of uranium isotopes in natural 
uranium an DU 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 1. Average energy per transformation of the uranium isotopes  U238, U236, U235and U234 
 

Radiation exposure data 
    All values were taken and information from radiological conditions in selected areas of 
southern Iraq with residues of depleted uranium Environmental samples were collected by 
RPC staff from selected sites in southern Iraq in sampling campaigns carried out in 2006 and 
2007. A total of 520 samples of soil, water, vegetation and smear samples were taken. The 
samples were collected at four locations in southern Iraq, namely, As Samawah, An 
Nasiriyah, Al Basrah and Az Zubayr (Fig. 2). (1)

. 
    The estimates of committed effective doses from exposure to existing levels of DU in the 
environment were based on radionuclide concentrations measured in samples of 

Isotopic abundance (%) by mass 
 

DU 
 Natural uranium 

Specific activity 
(Bq/mg) Half-life (a) Isotope 

99.8 
 99.28 12.44 4.51 × 109 U238 

0.0003 0 2400 2.34 × 107 U236 

0.2 0.72 80 7.1 × 1010 U235 

0.0007 
 0.0055 230 700 2.47 × 105 U234 



environmental media collected for the study. The doses to ‘hypothetical’ individuals who 
reside, work (adults) or play (children) in the investigated areas were estimated. Doses from 
DU as well as from natural uranium found in the environment have been estimated for both 
adults and 10 year old children. 
 

 
 
FIG. 2. Map of Iraq indicating the four investigated locations. This map is based on UN Map 
No. 3835, Rev. 4, January 2004.(The original was used with the kind permission of the UN 
Cartographic Section.) 
Units  



     Units of concentration used to describe the abundance of uranium are diverse, and often 
complicate, rather than facilitate a comparison of data from differing sources. The 
concentrations of individual isotopes of uranium are generally recorded as the radiochemical 
activity present in a unit volume of a substance, e.g. picocuries per litre (pCi/l) or bequerels 
per liter (Bq/l), picocuries per kilogram (pCi/kg) or bequerels per kilogram (Bq/kg). The use 
of picocuries is still common in the literature even though this has been superseded by the 
bequerel as the SI unit for radioactivity. One Bq is defined as one nuclear transformation per 
second. One Bq is equal to approximately27 pCi. 
   It is equally common practice to measure and report natural uranium content or 
concentration in mass units (i.e. μg/l, μg/kg or moles/kg). These units are used throughout 
this work for consistency. Concentrations of uranium may also be quoted in terms of molar 
concentrations, 1 μmole of uranium being equivalent to 0.000 238 g of 238U and 
correspondingly 1 μg of 238U = 0.0042 μmole. 
 
 Radiation exposure pathways considered 
The following exposure pathways were considered in the radiation dose assessments(5). 

1-Inhalation of uranium oxides in smoke and dust 
2-Depleted uranium fragments entering the body in wounds 
3-External contact with depleted uranium penetrators 
4-Uptake of uranium by crops for human consumption 
5-Uptake of uranium in grass or soil by cattle grazing 
6-Uranium accumulation in drinking water 
. 
Methodology used for the estimation of dose. 
 
1-Inhalation of DU contaminated soil resuspended by wind or human activates. 
     The estimation of radiation doses from the inhalation of resuspended material requires 
information on the concentration of the material in air. In this study, these concentrations 
were modeled, not measured, using a simple air dust loading approach expressed in the 
following equation: 
 
Cair, i = SCsoil, i  ………………………..1 
 
where C air, i is the activity concentration of each uranium isotope in air (Bq/m3),  
S is the dust loading factor (kg/m3) , 
C soil, i is the activity concentration of each uranium isotope in soil (Bq/kg). 
 
        The dust loading factor used in this assessment was evaluated on the basis of the 
information in Ref. [3], where dust loading factors of 2.0 × 10–6 kg/m3for wind driven 
resuspension and 3.0 × 10–5 kg/m3 for human-made resuspension (agriculture, digging, 
driving) are reported. These values were based on measurements taken at the Emu and 
Maralinga nuclear test sites in Australia [6]. Since no information on dust loading factors was 
available for the investigated locations, an average value of S = 1.6 × 10–5 (kg/m3) was 
assumed in the calculations. The uranium isotope activity concentrations in soil were 
obtained by multiplying the measured concentrations expressed in mg/kg by the specific 
activities of U238, U236, U235and U234  contained in column 3 of Table 1. The next step in the 
dose assessment is the evaluation of the intake of air containing DU by an exposed individual 
at the DU contaminated location. Average inhalation rates of adults and children considered 



in the assessment were taken from Ref. [7] and are given in Table 2. The intake of DU 
contaminated air (m3) by inhalation can be evaluated from knowledge of the time spent by 
hypothetical exposed individuals at the location. The total amount of radioactivity (Bq) of 
each uranium isotope that a hypothetical individual would inhale is obtained by multiplying 
the intake (m3) by the activity concentration in air, Cair, i (Bq/m3). This may be converted to 
radiation dose (Sv) using the dose coefficients in Table 3.The dose coefficients for inhalation 
used in the calculations were taken from the BSS [8]. Dose coefficients for inhalation are 
available for three types of material, classified as type F, M and S, according to whether the 
absorption rate of the material into body fluids from the respiratory tract is considered to be 
fast (very soluble compounds), moderate or slow (insoluble compounds). The chemical 
composition of the DU particles produced from the oxidation of uranium in the DU munitions 
has been shown by experimental studies [9] to consist of 50% UO2, and 50% U3O8 or a 
mixture of ⅔ UO2 and ⅓ U3O8. As shown in Ref. [10], both of these forms can be considered 
as slightly soluble uranium oxides. Consequently, in this assessment, the inhalation dose 
coefficients used were those for compounds with a slow absorption rate (type S). 
 
                                       
                                                  Table 2. Average inhalation rates 

Inhalation rate (m3/h) 
 

Age group 

0.84 
 

Adults 

0.64 
 

Children (10 years old) 

 
 
2-Inhalation of resuspended dust inside military vehicles hit by DU munitions.  
       Dust inside abandoned vehicles which have been hit by DU munitions is not likely to be 
quickly dissipated, since in most cases there is no effective dispersion mechanism, for 
example, compared with the effect of wind in open locations. If such vehicles are entered by 
persons, the contaminated dust will be resuspended by their movements inside the vehicle, 
and if the persons are not wearing protective masks, the radiation doses received by them due 
to inhalation could be significant. No direct measurements of resuspended dust inside DU 
contaminated tanks were made in the present study and doses have been estimated based on 
information from the literature. Marshall [11] has made estimates based on experimental data 
obtained in a US Army sponsored programme [12]. The tests consisted of firing 120 mm DU 
rounds at Abrams tanks and measuring resuspended DU concentrations in air inside the tanks 
after they were hit with the DU rounds. The average and maximum DU concentrations in air 
reported are 0.5 mg/m3 and 1 mg/m3, respectively. For the purpose of calculating the 
inhalation radiation doses to persons entering contaminated tanks, the maximum observed 
concentration (1 mg/m3) [11] was used, recognizing that it represents an upper estimate of the 
air concentration due to resuspension. The radiation doses received by adults and children 
when inhaling 1 mg of DU, obtained by using the dose coefficients of Table 3, are shown in 
Table 4.Using the inhalation rates of Table 3, the estimated committed effective radiation 
doses to hypothetical persons spending 10 h in a year inside a contaminated vehicle would be 
about 1 mSv for adults and 900 Sv for 10 year old children. These dose estimates are based 
on conservative assumptions and are likely to be higher than would be received in practice. 
They are higher than most of those evaluated for persons exposed as a result of the 
contamination found on the ground at various sites,and are comparable to the global natural 
radiation background (2.4 mSv/a) and the internationally recommended dose limits for 
members of the public (1 mSv/a). 



Table 3. dose coefficients (committed effective doses) for inhalation used in the assessment. 
Dose coefficient (Sv/Bq) for inhalation (type S) 

 
U234 U235 U236 U238 

Age group 
 

9.3 × 10–6 
 

8.4 × 10–6 8.6 × 10–6 8.0 × 10–6 Adults 

1.2 × 10–5 
 

1.1 × 10–5 1.1 × 10–5 1.0 × 10–5 Children 
(10 years old) 

 
Table 4.estimated commtted effective radiation dose due to the inhalation of DU inside 
contaminated tanks. 

 
 
 3-Ingestion soil 
     The methodology used for assessing this pathway is essentially the same as the one used 
in Refs [13, 14]. The dose due to each of the four isotopes present can be calculated by 
multiplying the activity concentration in soil (Bq/kg) by the ingestion rate of soil (kg/a) and 
the dose coefficient for ingestion (Sv/Bq). The total dose is the sum of the doses due to each 
uranium isotope. The ingestion dose coefficients and the soil ingestion rates, taken from Refs 
[8, 15], respectively, are set out in Table 5. 
 
Table 5. ingestion dose coefficients (committed effective dose) and soil ingestion rates 
 

Dose coefficients for ingestion (f1 = 0.04) (Sv/Bq) 
Soil ingestion rate 

(kg/a) 
U234 U235 U236 U238 

Age group 
 

0.0183 4.9 × 10–8 4.6 × 10–8 4.6 × 10–8 4.4 × 10–8 Adults 
0.0365 7.4 × 10–8 7.0 × 10–8 7.0 × 10–8 6.6 × 10–8 Children 

(10 years old) 

 
 
Vegetables 
The methodology for evaluating the radiation doses from the ingestion of vegetables is the 
same as the one described in Ref. [13]. Although the vegetation collected during sampling 
was not typical of that normally consumed by humans, in the absence of any other relevant 
data, it is assumed that the concentrations measured in the samples collected are 
representative of the values in edible vegetation. An adult ingestion rate of 300 kg/a, the 
value generally used for edible vegetables [13], is assumed. The activity intake due to the 
ingestion of each of the four uranium isotopes can be obtained by multiplying the ingestion 
rate (kg/a) by the activity concentrations measured in the vegetation (Bq/kg).By multiplying 
the activity intake of each radioisotope by the corresponding ingestion dose coefficient (Table 
5), the dose due to each isotope can be calculated. The total ingestion dose is the sum of the 
doses due to the four isotopes. 
Water 

Dose coefficient (Sv/Bq) for inhalation (type S) 
 

Total U234 U235 U236 U238 

Age group 
 

0.12 1.5 × 10–2 1.3 10–3 6.2 × 10–5 9.9 × 10–2 Adults 
0.14 1.9 × 10–2 1.8 × 10–3 7.9 × 10–5 1.2 × 10–1 Children 

(10 years old) 



      The methodology for evaluating the radiation doses from the ingestion of water is the 
same as the one described in Ref. [13]. It is assumed that the average amount of water drunk 
by an individual in a year is 1000 L (~2.7 L/d). The activity in Bq of each uranium isotope 
ingested in one year is then equal to the product of the activity concentration in water (Bq/L) 
and the annual ingestion rate (L/a). By multiplying this value by the relevant ingestion dose 
coefficient (Table 5), the radiation dose due to each of the uranium isotopes is obtained. The 
overall radiation dose is calculated by adding the doses from each of the four isotopes. 
4-Direct contact with DU penetrators or DU fragments 
         Although very few DU penetrators or DU penetrator fragments were identified during 
the sampling campaigns, the possibility cannot be excluded that such pieces or fragments 
might still be found and collected by members of the public in areas where DU munitions 
were used. Individuals handling DU penetrators or fragments could be exposed to external 
radiation. The exposure of individuals who find and handle DU munitions is mainly due to 
beta particles and low energy gamma rays, and can become significant only if the person 
exposed is in direct contact with DU munitions or fragments for a considerable period of 
time.The contact dose rate to the skin from typical DU ammunitions is about 2.3 mSv/h [16]. 
At this dose rate, it is unlikely that even prolonged contact with a DU penetrator would lead 
to serious skin burns (erythema) or any other acute radiation effect. 
 
5-Ingestion of DU contaminated dust from flat surfaces (metal, concrete walls). 
       The amount of dust or soil from DU contaminated flat surfaces (metal, concrete, walls) 
that could be ingested by an individual is difficult to estimate in the absence of appropriate 
data. However, the smear samples collected during the sampling campaign from flat surfaces, 
ranging from 10 cm × 10 cm to50 cm × 50 cm, can provide a useful qualitative indication of: 
(a) the presence of DU in the area;(b) the presence of removable DU contamination from a 
surface; and (c) the order of magnitude of the surface  contamination. The information is of a 
qualitative nature because of the uncertainties in the nature of the surface from which the 
smear samples were taken and, among other things, the variability of the pressure exerted by 
persons taking the smear sample.Nevertheless, a conservative estimation of the doses from 
ingestion of DU from the sampled surfaces was made based on the following assumptions: 
—The smear samples where the highest total uranium mass was measured are representative 
of all the smear samples taken in this area; 
—The reported primary analytical data, expressed as the total mass of each uranium isotope 
present in the smear test, actually represents the mass of each uranium isotope present on the 
sampled surface; 
—The total mass is completely collected from the surface by an individual touching the 
surface with his/her hands; 
—The total mass is then fully ingested by this individual; 
—The individual touches surfaces having the same highest uranium isotope concentration of 
100 times per year. 
The total dose due to each of the four uranium isotopes can then be calculated by multiplying 
the measured activity (Bq) of the uranium isotope taken from the sampled surface by 100 and 
by the dose coefficient for ingestion of the uranium isotope (Sv/Bq). The total dose is the sum 
of the doses from each isotope. 
 
6--Inhalation and ingestion of DU during scrap metal operations for military vehicles 
hit by DU munttions. 
        The calculation of the possible doses received during the various processes involved in 
manipulating scrap metal from contaminated military vehicles can be assessed by a 
combination of the pathways previously discussed, that is, inhalation of resuspended dust 



inside military vehicles hit by DU munitions and ingestion of DU contaminated dust from flat 
surfaces. 
Evaluation of the radiation dose at the four investigated locations. 
1-Samawah 
1.1. Doses due to the inhalation of soil resuspended by wind or human 
activities 
     This occupancy corresponds to adults and children spending about 10h each day of the 
year out of doors. By using the previously reported values of the inhalation rates for adults 
and children, the following annual air inhalation rates are obtained (Table 6). The estimated 
radiation doses to adults and children due to inhalation of the uranium isotopes present in air 
are reported in Table 7 and fig 3. For a perspective on the values reported in Table 8, the 
estimated radiation dose (to both adults and children  spending a large portion of their time 
out of doors) due to the inhalation of uranium naturally present in soil (i.e. DU is absent) at 
this location is about 1% of the global average annual effective dose due to natural radiation 
(~2.4 mSv) [17]. In fact, the doses due to resuspended natural uranium in soil are likely to be 
much lower owing to the conservative nature of the dust loading modeling approach 
 

Table 6. assumed annual inhalation rates. 
Annual inhalation rate (m3/a) Age group 

3070 Adults 
2340 Children (10 years old) 

 
Table 7 and Fig 3. As Samawah: estimated committed effective due to the inhalation of 
resuspended soil containing only natural uranium. 

 
 
 
 
 
 
 
 
 
 

 
 

 
 
 

 
 
1.2. Doses due to the ingestion of soil 
As no DU was detected in any of the soil samples collected, no calculation of radiation dose 
due to ingestion was performed. 
1.3. Doses due to the ingestion of vegetables and drinking water 
1.3.1. Vegetables 

Total U234 U235 U236 U238 Quantity 
2.23 1.18 × 10–4 1.57 × 10–2 - 2.21 Concentration (mg/kg) in 

soil sample  
‘SAMA-bombarded tank-

soil-10’ (2nd Mission) 



The estimated doses are reported in Table 8. 
 
Table8  8. As Samawah: estimated committed effective dose due to the inhalation of 
vegetation(10.5% DU)  . 

Total U234 U235 U236 U238 U Isotope 
Dose attributed 

to DU 7.25 × 10–2 4.01 × 10–6 4.73 × 10–4 1.63 × 10–7 7.20 × 10–2 
Concentration 

(mg/kg dry 
weight) e 

~ 2 ~ 26 13.5 0.51 0.0054 11.7 
Annual dose 

(μSv) to adults 

~ 3 ~ 39 20.4 0.78 0.0081 17.7 
Annual dose 

(μSv) to children 
(10 years old) 

 
1.3.2. Water 
No DU was detected in any of the samples. 
1.4. Doses due to the ingestion ofDU contaminated dust from flat surfaces (metal, 
concrete, walls) 
The highest DU percentage (18%),The radiation doses are reported in Table 9. 
 
Table .9. As Samawah: estimated committed effective dose due to the inhalation of uranium 
isotopes present on the most DU contaminated surface measured (18%).  

Total U234 U235 U236 U238 U Isotope 
Dose 

attributed 
to DU 2.67 × 10–5 1.55 × 10–9 1.84 × 10–7 5.03 × 10–10 2.65 × 10–5 

Concentration 
(mg/kg dry 
weight) e 

1 × 10–4 ~ 3 × 10–3 1.8 × 10–3 6.8 × 10–5 5.6 × 10–6 1.5 × 10–3 
Annual dose 

(μSv) to adults 

2 × 10–4 ~ 5 × 10–3 2.6 × 10–3 1.0 × 10–4 8.5 × 10–6 2.2 × 10–3 

Annual dose 
(μSv) to 

children (10 
years old) 

. 
2. An Nasiriyah 
2.1. Doses due to the inhalation of soil resuspended by wind or human activities 
    This occupancy corresponds to adults and children spending about 10 h each day of the 
year out of doors.By using the previously reported values of the inhalation rates for adults 
and children (Table 6), the inhalation doses shown in Table 10 were calculated. The 
estimated annual inhalation dose due toDU in this area to both adults and children is about 1 
μSv. This is a small radiation dose, about 0.6% of the world average annual dose due to 
natural radiation (~2.4 mSv/a). In fact, the doses received by any persons living in this 
vicinity are likely to be much smaller than the estimates in Table 10, because the time that 
any persons are exposed in a year is likely to be much less than that assumed here and also 
because of the conservative nature of the dust loading model employed 
 
Table .10 An Nasiriyah: estimated committed effective dose due to the inhalation of 
resuspended soil. 

Total U234 U235 U236 U238 U Isotope 
Dose 

attributed 
to DU 2.11 1.11 × 10–4 13.8 × 10–3 3 × 10–6 2.10 

Concentration 
(mg/kg dry 
weight) e 

~ 1 ~ 22 11 0.45 0.0030 10 
Annual dose 

(μSv) to adults 



~ 1 ~ 22 10 0.45 0.0030 9.8 

Annual dose 
(μSv) to 

children (10 
years old) 

 
2.2.Doses due to the ingestion of soil 
The results of the calculations are shown in Table 11. 
Table .11.An Nasiriyah: estimated committed effective dose due to the inhalation of soil 
(99.4% DU) . 

Total U234 U235 U236 U238 U Isotope 
Dose 

attributed 
to DU 3250 0.0248 6.44 0.0351 3224 

Concentration 
(mg/kg dry 
weight) e 

~ 1 ~ 1 0.14 0.012 0.002 0.9 
Annual dose 

(μSv) to adults 

~ 3 ~ 3 0.43 0.037 0.006 2.7 

Annual dose 
(μSv) to 

children (10 
years old) 

 
2.3. Doses due to the ingestion of vegetables and drinking water. 
2.3.1.Vegetables No vegetation samples were collected. 
2.3.2. Water 
      The estimates of radiation doses due to the ingestion of water were made using the 
sample ‘Nasir-water-01-02’, in which the highest uranium concentration and the highest 
percentage of DU (12%) were measured (Table 12). This is a conservative calculation 
because of the suspected cross-contamination and because, in reality, the puddle water is not 
used for drinking purposes. Although this is a very conservative calculation, the estimates of 
dose are low. In fact, the total uranium concentration in the water sample is about five times 
lower than the WHO guideline value for drinking water of 15 g/L [18]. 
 
Table 12. An Nasiriyah: estimated committed effective dose due to the ingestion of water 
(12% DU) 

Total U234 U235 U236 U238 U Isotope 
Dose 

attributed 
to DU 3.35 × 10–3 2.02 × 10–7 2.16 × 10–5 7.1 × 10–6 3.32 × 10–3 

Concentration 
(mg/kg dry 
weight) e 

~ 1 ~ 5 2.28 0.08 0.78 1.81 
Annual dose 

(μSv) to adults 

~ 2 ~ 8 3.45 0.12 1.19 2.73 

Annual dose 
(μSv) to 

children (10 
years old) 

 
 
2.4. Doses due to the ingestion of DU contaminated dust from flatsurfaces (metal, 
concrete, walls) 
    the highest DU percentage (99.1%) was measured. The dose estimates based on  Table 13. 
 
 
 
Table 13. An Nasiriyah: estimated committed effective dose due to the ingestion from 
contaminated surfaces(99.1% DU) 



Total U234 U235 U236 U238 U Isotope 
Dose 

attributed 
to DU 9.29 × 10–2 6.1 × 10–7 1.88 × 10–4 1.12 × 10–4 9.35 × 10–2 

Concentration 
(mg/kg dry 
weight) e 

~6  ~ 6 0.69 0.07 0.012 5.10 
Annual dose 

(μSv) to adults 

~ 9 ~ 9 1.04 0.11 0.019 7.66 

Annual dose 
(μSv) to 

children (10 
years old) 

3-AL BASRAH 
3.1. Doses due to the inhalation of soil resuspended by wind or human activities 
       The inhalation radiation doses were calculated utilizing the concentrations measured in 
sample ‘BASRA -soil’ where the DU percentage was 42.7%. The time spent at the site by 
hypothetical individuals was assumed to be the same as for An Nasiriyah. Estimated doses 
from inhalation of resuspended soil are shown in Table 14. 
The estimated annual inhalation radiation doses to adults and 10 year old children in Table 15 
are very 
Table 14.Al Basrah: estimated committed effective dose due to the inhalation of resuspended 
soil (4.2% DU). 

Total U234 U235 U236 U238 U Isotope 
Dose 

attributed 
to DU 2.61 1.01 × 10–4 0.0128 3.5 × 10–5 2.60 

Concentration 
(mg/kg dry 
weight) e 

~6  ~ 24 11 0.42 0.035 12 
Annual dose 

(μSv) to adults 

~ 6 ~ 23 10 0.42 0.035 13 

Annual dose 
(μSv) to 

children (10 
years old) 

Table 15. Al Basrah: estimated committed effective dose due to the ingestion of soil (100% 
DU) 

Total U234 U235 U236 U238 U Isotope 
Dose 

attributed 
to DU 1904 1.03 × 10–2 3.12 5.69 × 10–2 1901 

Concentration 
(mg/kg dry 
weight) e 

~0.6  ~ 0.6 0.058 0.0057 0.0031 0.52 
Annual dose 

(μSv) to adults 

~ 2 ~ 2 0.18 0.017 0.0096 1.6 

Annual dose 
(μSv) to 

children (10 
years old) 

 
3.2.Doses due to the ingestion of vegetables and drinking water 
3.2.1. Vegetables 
No vegetation samples were collected. 
3.2.2. Water 
the annual radiation doses from all uranium present will be extremely low. 
3.3. Doses due to the ingestion ofDU contaminated dust from flat surfaces (metal, 
concrete, walls) 
the highest DU percentage (~100%) and the highest total U mass. The estimated radiation 
doses are reported in Table 17. The estimated doses are low, nevertheless, in view of the 
conservative assumptions made for ingestion from surfaces  and taking account of the 
extreme nature of the sample chosen ,they are undoubtedly overestimates 



 
Table 16. Al Basrah: estimated committed effective dose due to the ingestion from 
contaminated surfaces(100% DU) 

Total U234 U235 U236 U238 Quantity 
Dose 

attributed 
to DU 8.50 × 10–2 4.80 × 10–7 1.39 × 10–4 2.4 × 10–6 8.50 × 10–2 

Concentration 
(mg/kg dry 
weight) e 

~5  ~5  0.54 0.051 0.026 4.7 
Annual dose 

(μSv) to adults 

~ 8 ~ 8 0.82 0.078 0.040 7.0 

Annual dose 
(μSv) to 

children (10 
years old) 

 
4-AZ ZUBAYR 
4.1. Doses due to the inhalation of soil resuspended by wind or human activities 
 The time spent in a year by hypothetical adults and children at the crapyard was assumed to 
be 2000 h. This occupancy corresponds to an adult working at the site for about 6 h each day 
for the whole year, or working 40 h/week for about 12 months of each year, and corresponds 
to a child playing in the DU contaminated area for about 6 h each day for one year. Inhalation 
rates for adults and children used in the calculation are reported in Table 3. Annual inhalation 
rates used in the assessment are reported in Table 17. Estimated annual doses due to the 
inhalation of resuspended DU contaminated soil are reported in Table 18. The estimated 
radiation doses due to the inhalation of resuspended material at this location are higher than 
the doses estimated at other locations but, nevertheless, small in comparison with the global 
natural radiation background (2.4 mSv/a) and in comparison with internationally 
recommended dose limits for members of the public (1 mSv/a). As previously stated, the 
assumptions made with respect to occupancy and the modelling of resuspension are such that 
the doses via this pathway are likely to be significantly overestimated. 
 
Table 17.Azzubayr assumed annual inhalation rate at the scrapyard 
 

Annual inhalation rate (m3/a) Age group 
1680 Adults 
1280 Children (10 years old) 

 
 
 
Table 18. Azzubayr: estimated committed effective dose due to the inhalation of resuspended 
soil at the scrapyard (94% DU). 

Total U234 U235 U236 U238 U Isotope 
Dose 

attributed 
to DU 27.1 2.9 × 10–4 5.9 × 10–2 5.6 × 10–4 27 

Concentration 
(mg/kg dry 
weight) e 

~ 72 ~ 90  16.8 1.06 0.32 72 
Annual dose 

(μSv) to adults 

~ 70 ~ 86 16.4 1.06 0.3 68 

Annual dose 
(μSv) to 

children (10 
years old) 

 
4.2. Doses due to the ingestion ofDU contaminated soil 
The radiation doses due to the ingestion of soil at Az Zubayr are reported in Table 19. 



 
Table 19. Azzubayr: estimated committed effective dose due to the ingestion of soil (95.4% 
DU) 
 

Total U234 U235 U236 U238 U Isotope 
Dose 

attributed 
to DU 27.1 2.9 × 10–4 5.9 × 10–2 5.6 × 10–4 27 

Concentration 
(mg/kg dry 
weight) e 

~ 0.3 ~ 0.33  0.060 0.0040 0.0011 0.27 
Annual dose 

(μSv) to adults 

~ 1 ~ 1 0.18 0.012 0.0034 0.81 

Annual dose 
(μSv) to 

children (10 
years old) 

 
4.3. Doses due to the ingestion of vegetation and drinking water 
4.3.1. Vegetation 
Fifteen vegetation samples were collected. DU was not detected in any of them. 
4.3.2. Water 
One water sample was collected and no DU was detected in it. 
4.4. Doses due to the ingestion of DU contaminated dust from flatsurfaces (metal, 
concrete, walls) 
the highest total uranium concentration and one of the highest DU percentages (>99%) were 
measured. The radiation doses were calculated using this sample and are reported in Table 
20. Although slightly higher than doses estimated at other locations, the values are still low in 
comparison to natural radiation background. 
Table 20. Azzubayr: estimated committed effective dose due to the ingestion from 
contaminated surfaces(100% DU) 

Total U234 U235 U236 U238 U Isotope 
Dose 

attributed 
to DU 0.154 1.04 × 10–6 3.11 × 10–4 7 × 10–7 0.154 

Concentration 
(mg/kg dry 
weight) e 

~ 10 ~ 10 1.2 0.11 0.0077 8.4 
Annual dose 

(μSv) to adults 

~ 15 ~ 15 1.8 0.17 0.012 13 

Annual dose 
(μSv) to 

children (10 
years old) 

 
SUMMARY OF FINDINGS AND CONCLUSIONS 
1. As Samawah 
At this location, no DU residues were detected in soil. Two destroyed tanks were found at 
this location. It was concluded from sampling that one of them was not hit by DU munitions, 
but it is not known whether any other tank was destroyed by DU munitions as no samples 
were taken. 
2. An Nasiriyah 
DU residues were detected in soil at this location. However, the DU concentrations in soil are 
low. Upper estimates of the annual doses to adults and children due to the possible inhalation 
of DU present in the soil are about 1 μSv; doses via ingestion pathways are of the same order. 
DU was also detected in the scrapyard at this location where local people have been active in 
steel recycling.Smear tests taken from the surfaces of battle tanks and other military 
equipment showed evidence of the presence of DU contamination — confirming that the 



surfaces of tanks hit by DU ammunition become contaminated. The maximum  estimated 
annual radiation dose due to the possible ingestion of DU from contaminated surfaces is 
about 9 μSv. 
3. Al Basrah 
At this location, DU residues were detected in soil. However, the concentrations were low 
and the maximum estimated annual doses as a result of the possible inhalation of DU present 
in soil were about 6 μSv; estimated doses due to the ingestion of vegetables, water and soil 
are less than this. DU was also detected on walls and surfaces of tanks in the area. Maximum 
possible doses due to the ingestion of DU removed from contaminated walls and surfaces of 
tanks are about 8 μSv. 
4. Az Zubayr 
At this location, DU was detected in the soil samples collected at a scrapyard where tanks hit 
by DU shells and parts of tanks were stored. Most of the smear tests taken from the battle 
tanks or other military equipment clearly indicated the presence of DU, and soil spots 
contaminated with DU were identified with DU concentrations of up to 590 mg/kg. The 
maximum estimated annual radiation dose due to the  inhalation of resuspended soil is about 
70 μSv. The radiation doses due to other possible exposure pathways, i.e. the ingestion of DU 
from surfaces and soil, are significantly lower than this. 
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