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1. Introduction 
There have been many well-researched and thorough desk-based 
assessments of the potential health effects of using depleted uranium 
(DU) in anti-armour munitions.  In general, there is good agreement 
between these studies and it has been found that there will only be a 
very few extreme cases in which measures to restrict DU intakes may be 
required during or after the combat use of DU munitions.  The UK Royal 
Society [1] stated that “except in extreme circumstances any extra 
risks of developing fatal cancers as a result of radiation from internal 
exposure to DU arising from battlefield conditions are likely to be 
undetectable above the general risk of dying from cancer over a normal 
lifetime”.  They also stated that “For those returning to live in areas 
where DU munitions were deployed, including peace-keepers, the 
inhalation intakes from re-suspended DU are considered to be unlikely 
to cause any substantial increase in lung cancer or any other cancers”.  
However, the studies also concluded that there is a need for better data 
on the amounts of DU that might be inhaled within or close to tanks 
struck by DU munitions. 
 
After the 2003 conflict in Iraq, the availability of DU impacted vehicles 
in the UK Area of Operations offered a unique opportunity to address 
the identified data gaps and obtain additional information to support 
assessments of the potential risks from the combat use of DU munitions.  
Information on the levels and distribution of DU contamination would 
assist in the production of the source term for health and environmental 
transport studies and help determine whether data obtained during 
development trials and laboratory studies can be applied to combat 
conditions. 
 
This paper describes the conduct and findings of a UK reconnaissance 
visit to Iraq in June 2003 to locate DU contaminated vehicles and/or 
impact locations.  The effects of DU munitions impacts on buildings are 
not addressed as it is known that the United Nations Environment 
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Programme (UNEP) intend to survey urban areas during their planned 
studies on environmental conditions in Iraq. 
 
2 Strategy  
The survey strategy was dictated to a large extent by the security 
situation in Iraq and the consequent need for the survey team to be 
accompanied by a military escort.  In particular, a very short time 
window was available and the team had to be limited to just two 
persons.  Even with an escort, local military sources advised that visits 
to urban areas presented considerable risks and the team considered 
that such visits were unlikely to be justified in terms of the anticipated 
value of any monitoring data.   
 
One of the most important health and safety issues for the team arose 
from the desert environment which presented severe and immediate 
health risks.  Air temperatures of up to 50 degrees centigrade were 
anticipated, potentially exacerbated if work was to be carried out 
inside tanks.  A comprehensive risk assessment was carried out and 
control measures applied to minimise residual risks typical of the 
aftermath of an armed conflict.  A full suite of personal protective 
equipment (including respiratory protective equipment) was available 
to take account of the uncertain conditions in and around DU impact 
locations. 
 
3 Identification of Impact Locations and Targets 
In current military operations, the UK practice is to recover abandoned 
and battle-damaged military equipment and vehicles as quickly as 
possible to centralised storage locations once they have been declared 
free of unexploded ordnance and DU contamination.  The operational 
requirement is to prevent the equipment from being re-used and protect 
the local civilian population who place themselves at risk of death or 
injury by "cannibalising" damaged vehicles which present risks from 
booby-traps, unexploded ordnance and other health and safety 
hazards.  By the time of the visit in June 2003, the majority of such 
vehicles had been removed to a number of storage locations and so it 
was not normally possible to identify the precise geographical location 
where a target had been hit.  However, two likely impact locations 
were identified – one close to a DU-contaminated T55 tank and the 
other around a DU- contaminated anti-aircraft gun that appeared to 
have remained at the location where it was attacked.  
 
4 Survey Equipment 
Most surface contamination monitoring was carried out with Mini 
Instruments Model 900 ratemeters, with Type 44B low energy 
scintillation probes.  These measurements were supported by point 
measurements with a FAG FH40 F2M survey meter and FHZ 731 
alpha/beta/gamma probe.  Some monitoring was also carried out with 
an Exploranium Mini Spec GR130M surveying gamma ray spectrometer.  
The GR130M can be used in survey mode (in which raw counts from the 
detector are displayed as a function of time in a bar chart display), in 
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Figure 2 - Unstable T55 tank Figure 0- T55 tank and air sampler 

Figure 3 – Area containing DU 
fragments

the dose rate mode (with a sensitivity down to nanosieverts per hour) 
and as a low resolution gamma spectrometer.  Monitoring was carried 
out with the probes as close as possible to the potentially contaminated 
surface. 
 
Environmental air sampling was carried out with either a Munro L60iF 
110V-powered air pump operated from a 12V battery via an inverter or 
an F&J Speciality Products model HV-1DC vacuum pump powered from a 
12V battery.  Typical flow rates were 60 and 35 litres per minute (l 
min-1) respectively.  Personal air sampling was carried out using battery 
powered SKC “Airchek” model 86027X samplers with nominal flow rates 
of 2 l min-1.  Glass fibre and cellulose filter papers were used for 
collecting smear samples and a Harwell SC 105 scaler with a Type 
956012-1 alpha drawer and a Type 956025-1 beta drawer was used for 
making an initial assessment of the activity removed from the surface. 
 
5 Survey Techniques 
On arrival at a potentially contaminated site, an assessment was made 
of the site-specific health and safety risks.  When it was safe to do so, a 
preliminary walkover survey of the outside of the target and/or site 
was carried out using dose rate meters and scintillation detectors.  This 
was to confirm that there was no external radiation hazard from 
radium luminised or similar equipment and to confirm and provide a 
broad picture of the pattern of any contamination so that informed 
decisions could be made on the nature of any further work.  This 
ensured the most effective use of the short time available, as little 
useful information would be gained by carrying out an in-depth survey 
of a site with only minimal contamination. 
 
Where the presence of contamination was confirmed, the environmental 
air samplers were normally positioned at a height of 1 metre (m) and a 
nominal distance of 50 m from what appeared to be the DU impact 
location.  Whenever possible, one sampler was positioned upwind and 
one downwind.  Personal air samplers were issued to team members 
entering or working on vehicles and the target vehicle or site was 

inspected to ensure that it was safe 
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Figure 4 -  Survey of a DU attack 
site

before work began.  This inspection covered both radiological and 
conventional health and safety risks.  Where it was not considered safe 
to work in and around unstable structures (e.g. see Figure 2) no 
monitoring was carried out.  When entry into a tank was possible, a 
personal air sampler was placed inside, generally on the breechblock, 
before the interior was surveyed to detect any areas containing bulk DU 
fragments or gross contamination.  When found, the locations of these 
areas were recorded and marked to preserve them for more detailed 
examination later (see Figure 3). 
 
The interior and exterior of the target 
was then surveyed in more detail using 
alpha (α�) and beta/gamma (β/γ) 
monitors to identify areas of potential 
contamination.  Smear samples were 
collected from these areas and 
preserved for α and β counting to 
determine which should be subject to 
more detailed laboratory analysis.  
Priority was given to monitoring the 
areas closest to any DU impact.  When 
conditions allowed, both random and 
targeted walkover surveys were carried out in the immediate 
surrounding area using hand-held scintillation detectors (see Figure 4).  
These targeted surveys were made at cardinal points around the 
apparent impact location and where there was visual evidence of 
debris.  Some unused filter papers were preserved for use as sample 
blanks. 
 
Soil and dust samples were collected from areas of interest identified 
during the walkover surveys, from the general area around the 
apparent point of impact and from areas where monitoring suggested 
that only background conditions existed.  Given the limited time 
available, only surface soil samples (typically down to 100 millimetres 
(mm) depth) could be collected.   
 
6 Laboratory analyses 
The filters from the personal air samplers were analysed for total 
uranium content and the uranium-238/uranium-235 (238/235U) isotope 
ratio by Inductively Coupled Plasma Mass Spectrometry (ICP-MS).  
Filters from the volume air samplers were cut in two and one half 
analysed for total uranium content and 238/235U ratio by ICP-MS and the 
second examined by Scanning Electron Microscopy (SEM) and 
autoradiography to obtain information on the particle size and 
distribution of material on the filter.  Soil and dust samples were 
analysed by γ-ray spectrometry to ensure that limits on activity in low 
level counting facilities would not be exceeded.  Following a review of 
the activity and sample matrix, samples considered suitable were 
analysed for total uranium content by X-Ray Fluorescence (XRF) and by 
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ICP-MS to determine total uranium content and 238/235U ratio.  The 
results of the initial screening by α and β counting were used to 
determine which smear samples were suitable for analysis by ICP-MS to 
determine the 238/235U ratio.  All ICP-MS, XRF, SEM and autoradiography 
was carried out by the British Geological Survey (BGS).  Gamma 
spectrometry was carried out by the Defence Science & Technology 
Laboratory Environmental Sciences Department. 
 
7 Summary and interpretation of survey results 
7.1 Introduction 
Although the monitoring that could be carried out during this brief 
reconnaissance was neither entirely systematic nor completely 
representative of overall environmental conditions, it is interesting to 
compare the activity concentrations of DU found in this work with what 
would be considered “benchmark” quantities.  This has been done in 
some of the following sections, but it must be recognised that the data 
is not of the quality needed for robust generalised statements about DU 
contamination or any possible health consequences. 
 
DU mainly consists of 238U, 235U and 234U.  All of these isotopes have 
different radioactive decay characteristics and therefore different dose 
per unit intake factors.  However, for dose assessment purposes, it can 
easily be shown that the assumption that DU is composed entirely of 
238U will result in an insignificant error in estimating the likely 
magnitude of any radiation dose.  For example, for the limiting (i.e. 
highest) dose per unit intake factors given in ICRP 72 [2] for each 
isotope, this assumption gives rise to differences of about 1% and 10% 
for inhalation and ingestion respectively.  This approximation has been 
used in the following discussions. 
 
7.2 General observations 
Four DU contaminated tanks and one anti-aircraft gun were located and 
surveyed during the reconnaissance, together with two areas of 
contaminated land.  There were also visual indications of DU impacts on 
two other tanks and an armoured personnel carrier, but time 
constraints and hazards from unstable structures and unexploded 
ordnance prevented investigation of these vehicles.  The most 
surprising finding was that there was relatively little loose 
contamination on or in the tanks.  A more detailed interpretation of the 
results follows.  
 
7.3 Smear samples 
All smears were subject to α and β counting and the results of the α 
counting converted to an equivalent removable surface contamination 
level, expressed in terms of Bq cm-2, by using the calibration factor for 
the counter and assuming that 10% of the loose contamination was 
removed by the smear.  The mean value for all surface smears (80 off 
excluding blanks) was 0.015 Bq cm-2 (minimum value 0.005 Bq cm-2 , 
maximum value 0.23 Bq cm-2 ).  Although it was recognised that alpha 
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counting might give rise to an underestimate of activity due to self-
absorption, it was considered preferable because of the large variation 
in background obtained when using the beta counter around the limits 
of detection of the system.  Another factor was that the measurements 
were being made on a comparative rather than an absolute basis.  The 
sample activity as determined by ICP MS was subsequently correlated 
with the net alpha counts.  The correlation coefficient of 0.95 provided 
further support for the use of alpha counting when making comparative 
measurements. 
 
One method of assessing the significance of these surface contamination 
results is by comparing the calculated level with action levels for 
triggering the control measures required under statutory controls or 
good practice.  Reference is often made to the “Radionuclide and 
Radiation Protection Handbook” [3] which contain recommendations 
for derived surface contamination limits (DSCLs) for a range of 
radionuclides for fixed and removable contamination in typical 
laboratory environments.  The limits are based on estimates of the 
maximum annual occupational dose limit arising to a person spending 
2000 hours per year (h a-1) working in an environment with surface 
contamination levels at the DSCL which is 0.1 Bq cm-2 for 238U.  The 
levels of removable surface contamination found in this study were 
almost all less than 0.1 Bq cm-2.  Indeed in many cases the levels were 
several orders of magnitude below this.  One exception was a sample of 
material from inside a DU penetrator exit hole (0.23 Bq cm-2 over an 
area of 100cm2) although very much lower levels of DU were detected 
on smears from the more accessible surrounding areas.  The only other 
exception was in a sample from a much localised area that appeared to 
have been hit by a fragment of DU (0.22 Bq cm-2 over an area of 20cm2).  
However, very much lower levels were detected on all other smears 
taken inside this tank and these included smears from some other areas 
where DU fragments also appeared to have landed. 
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Figure 6 - Anti-aircraft gun DU attack site

DU was found in all of the 15 smear samples selected for analysis by 
ICP-MS.  Three sample blanks were also analysed and no uranium was 
found above the limit of detection (<10ng per filter) of the analytical 
equipment. 
 
7.4 Soil and dust samples 
The concentrations of uranium in soil and dust samples were 
determined by XRF and some selected for further analysis by ICP-MS 
(except where it was sometimes not possible to prepare a sample).  ICP-
MS also provided information about the isotopic concentrations of 238U, 
235U and 234U.  The 238/235U isotopic ratio confirmed the presence of DU 
in all the dust samples taken from inside DU-struck vehicles.  The 
highest 238U activity concentration was 9000 Bq kg-1.  
 
In some samples from the location where a tank appeared to have been 
attacked (in the foreground of Figure 4), the total amount of uranium 
was elevated above the anticipated natural background levels (see 
Figure 5).  In addition, the 238/235U isotopic ratios were substantially 
increased above the natural ratio of 137.9, in some cases towards the 
isotopic signature of DU (typically around 500).  In the location where 
the tank had been towed to (see Figure 4 – tank in the background 
approximately 100 metres from the attack location), the total amount 
of uranium in soil was typical of natural uranium in soils (≤ 2 ppm as 
determined by XRF; equivalent to ≤ 25  Bq kg-1).  However, there was 
evidence of some contribution from DU in all the samples from this 
location as the 238/235U isotopic ratios were raised from the natural 
ratio of 137.9 (mean 152, maximum 177).  
 

 
Figure 5 – Uranium in soil activity concentrations at a location where a tank 
appeared to have been attacked with DU munitions. Results are in Bqkg-1 as 
determined by ICP-MS 

 
Visual inspection and 
contamination monitoring 
indicated that an anti-aircraft 
gun (AAG) near Basra (see Figure 
6) had been hit by at least 2 DU 
rounds.  Soil/dust samples were 
collected from this location at the 
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Figure 7 – Uranium in soil/dust activity 
concentrations. Results are expressed in 
Bqkg-1 as determined by γ spectroscopy 
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Figure 8 – Uranium in soil/dust activity 
concentrations. Results are expressed in 

Bqkg-1 as determined by ICP-MS 

points shown on the schematic diagrams in Figures 7 and 8. It was not 
possible to sample on one side of the gun because this was a suspected 
minefield. The soil activity concentrations were measured by γ 
spectroscopy or ICP-MS and are shown in Figures 7 and 8 respectively.  
With the exception of one sample, the amount of uranium in the 
soil/dust samples was elevated above the anticipated natural 
background levels.  There was evidence of some contribution from DU in 
all the soil/dust samples as the 238/235U isotopic ratios were raised from 
the natural ratio of 137.9, in some cases towards the value of 500 
characteristic of pure DU.  

Soil samples were collected from around DU struck vehicles at the 
centralised storage locations.  In these cases, uranium activity 
concentrations were not enhanced above typical background levels 
(mean 2 ppm, maximum 5 ppm as determined by XRF). However, 238/235U 
isotopic ratios were indicative of the presence of DU in 8 out of 
13 samples.  
 
An assessment of the significance of these activity concentrations may 
be made using methods broadly similar to those described in section 
7.3.  There are no statutory or internationally recommended derived 
levels for uranium in soils, but the UK Health Protection Agency, 
formerly the National Radiological Protection Board (NRPB), has 
published Generalised Derived Limits (GDLs) for various radionuclides in 
the environment, including uranium [4].  The GDL for a radionuclide is 
expressed as an activity concentration of that radionuclide in a medium 
(soil, water, air or foodstuffs) expressed in becquerels (Bq) per unit 
mass or volume.  Exposure of a person to any medium containing a 
radionuclide at a concentration equal to the GDL over a period of 1 
year may (pessimistically) give rise to a 1 millisievert (mSv) whole body 
radiation dose.  This is the internationally accepted annual whole body 
dose limit for a member of the public.  NRPB recommend that areas with 
activity concentrations in excess of 10% of the GDL receive further site-
specific investigation and so the GDL provides a potentially useful tool 
for assessing the significance of any analysis results.  However, in this 
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case the use of GDLs will be pessimistic as the calculation assumes that 
contamination is widespread and only limited and localised 
contamination was found during this work.  In reality, reduced exposure 
would result from time spent in uncontaminated areas.  This is also 
discussed later through comparisons between soil and air sample 
results. 
 
Uranium occurs naturally in the environment but the annual dose limit 
of 1 mSv used in the calculation of the GDLs does not apply to naturally 
occurring sources and so ambient concentrations in an area of interest 
should be subtracted before comparison with the GDL.  However, to 
simplify the calculations, it has been assumed that all the uranium 
measured in a sample was DU.  This is a cautious approach, as it will 
overestimate the risk from DU. 
 
A further issue with the use of NRPB GDLs concerns the fact that these 
quantities are designed to apply to the UK and so the habit data and 
some other parameters used to derive the GDL may not be 
representative of conditions in Iraq.  The development of an assessment 
methodology directly applicable to Iraq was outside the scope of this 
work, but modifications were made to make the benchmark more 
relevant to Iraqi conditions.  This was achieved by using some data 
obtained by the International Atomic Energy Agency (IAEA) during their 
assessment of radiological conditions in areas of Kuwait contaminated 
with DU during the 1991 Gulf conflict [5]. 
 
One of the most relevant parameters in the IAEA assessment is that 
used to describe the amount of re-suspension as it is evident that there 
will be differences between the UK environment and the arid and 
occasionally very dusty conditions in Iraq.  The ambient and mechanical 
dust loadings used in the IAEA modelling of conditions in Kuwait are 
greater than those used in the NRPB calculations and these values, and 
the effect of recalculating the NRPB GDLs using the IAEA dust loadings 
are shown in Table 1.  Conversely, the parameters used by IAEA [5] and 
NRPB [4] for the ingestion of soil are identical. It can be seen that use 
of the IAEA parameters gives a more restrictive GDL and it is this that is 
used in the following discussion.  
 

Parameter NRPB IAEA 
Ambient dust loading (kg m-3) 1x10-7 5 x10-5 
Mechanical dust loading (kg m-3) 1 x10-5 6 x10-5 
NRPB GDL for 238U in soil (Bq kg-1) 2 x104  
NRPB GDL for 238U soil recalculated using IAEA dust 
loading 6 x103  

Table 1 - NRPB and IAEA dust loadings and recalculated GDLs 

Most soil samples contained activity concentrations below 10% of the 
recalculated GDL and so would not merit any further investigation 
under the NRPB methodology.  There were some samples with greater 
activity concentrations and a few that even exceeded the GDL, but 
these were obtained from localised rather than widespread areas and 
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the significance of this is considered later in relation to the air 
sampling results from these locations. 
 
7.5 Air samples – environmental 
Seven environmental air samples were taken during the course of the 
reconnaissance visit and the mass and 238/235U isotope ratios of the 
uranium collected determined by ICP-MS (see Table 2). 
 

Location U-238  
(Bq m-3) 

%GDL  
(5x10-2 Bq m-3) 

238/235U  
50m upwind of AAG attack site  1x10-5 0.02 166.7 
50m downwind of AAG attack site 4x10-6 0.01 154.4 
20m downwind of T55 attack site 3x10-5 0.05 295.6 
20m downwind of relocated T55 
attack site 3x10-5 0.05 262.1 

6m upwind of tank at storage 
location A 1x10-5 0.03 190.6 

8m downwind of tank at storage 
location A 1x10-4 0.19 328.4 

20m downwind of tank at storage 
location B 9x10-6 0.02 176.8 

Table 2 - results of environmental air sampling 

An assessment of the significance of these activity concentrations may 
be made using the NRPB GDL for air. This can be applied directly in this 
case as the air sampling gives the actual airborne dust loading at the 
time of sampling.  The NRPB GDL for 238U in air is 1 x10-5 Bq m-3. 
 
The activity concentrations of the uranium in air were all less than 10% 
of the GDL, indeed the highest calculated air concentration was only 
0.19% of the GDL.  This is considerably lower than would be expected 
from the soil sample results as a major component of any dose from 
ground contaminated with uranic materials will be due to resuspension.  
This supports the above observation concerning the overestimation of 
dose that will result from simple application of the GDL approach to 
areas of localised contamination. 
 
Although the total concentration of uranium in air was very low, it was 
possible to confirm that the uranium collected was a mixture of natural 
and DU.  This was shown by some 238/235U isotopic ratios being greater 
than the figure (of 137.9) that applies to natural uranium (see Table 2).  
So again it is apparent that the simple treatment applied here, which 
does not subtract the contribution from natural sources, represents an 
extremely, or possibly even an excessively, cautious approach.  Another 
observation was that there were some apparent inconsistencies in these 
results as the highest concentration of uranium in air of 7.8 ng m-3 
occurred at a storage location where there was no indication of DU 
munitions having been used.  Conversely, the concentration of uranium 
in air at the anti-aircraft gun site where DU contamination was 
confirmed was only around 2 ng m-3.   
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As mentioned above, only one half of each air filter was used in the ICP-
MS analysis.  Because of the apparent inconsistencies, all of the 
retained halves of the air filter papers were examined by 
autoradiography to obtain further information on the distribution of 
the uranium on the filter papers.  This indicated that the uranium-rich 
particles were concentrated at the very edge of the filter and were 
probably outside the active sampling area.  It therefore seems very 
likely that the presence of these particles resulted from the filter 
papers becoming contaminated by DU during handling or transport in 
the difficult working conditions and that the concentrations obtained, 
although very low, are in fact overestimates.   
 
7.6 Air samples - personal 
The mass of uranium collected on the filters used in the personal air 
samplers was determined by ICP-MS. The committed effective dose 
(CED) that would be received by an adult working in this environment 
with and without respiratory protective equipment was calculated, 
assuming that: 
 
a) 20% of the dust was respirable 
b) An adult has a breathing rate of 1.2 cubic metres per hour (m3 h-1) 
c) The material collected has the highest dose per unit intake by 
inhalation for any form of uranium listed in International Commission 
for Radiological Protection (ICRP) Publication 68 [6] 
d) Where appropriate, respiratory protection is provided by the use 
of a P3 disposable respirator with an assigned protection factor of 20. 
 
The highest dust loading found on any filter was for a filter worn by an 
employee wearing a P3 disposable respirator while working inside a 
tank for a period of 1.7 hours.  The corresponding committed effective 
dose rate was 5 nanosieverts per hour (nSv h-1) which is far below the 
level at which any action would be required to reduce exposure under 
current UK legislation [7].  The corresponding doserate to someone not 
wearing respiratory protection would be about 100 nSv h-1 and an 
unrealistic worst case estimate of the dose received during an entire 
year (ie 24 hours x 365 days) in this tank would be 0.88 mSv.   
 
8 Conclusions 
Despite the harsh environmental conditions and logistic difficulties, 
several DU impact locations were located and some unique monitoring 
data obtained. Only limited and localised contamination was found and 
a “first-order” assessment of the monitoring results using very cautious 
assumptions suggests that any associated radiation doses will be so low 
that action to reduce the intake or further work using more 
sophisticated modelling techniques are not justified under current 
radiation protection principles.  However, these findings must be 
treated with caution as the assessment is based on a relatively small 
number of samples gathered from sites which may not be representative 
of general conditions. 
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